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Abt.  I. — Coniributtons  to  Meteorology:  being  results  derived  from 
an  examination  of  the  observations  of  the  United  States  Signal 
Service,  and  from  other  sources ;  by  Elias  Loomis,  Profesaor 
of  Natural  Philosophy  in  Yale  College.  Tenth  paper.  With 
Plates  I  and  II. 

[Bead  before  the  National  Academy  of  Sdenoea,  New  York,  Nov.  6,  1878.] 

Storms  of  the  Atlantic  Ocean. 

In  a  former  paper,  I  have  noticed  some  storms  which  could 
be  traced  across  the  Atlantic  Ocean  by  means  of  the  Paris 
storm  charts  from  June,  1864,  to  December,  1866,  and  Hoff- 
meyer*s  charts  from  December,  1878,  to  August,  1874.  Hav- 
ing received  a  copy  of  Hoffmeyer's  charts  complete  to  Novem- 
ber, 1876,  I  have- undertaken  a  more  careful  examination  of 
Atlantic  storma  I  first  provided  myself  with  a  large  number 
of  4?lank  maps  of  the  Atlantic  Ocean,  upon  precisely  the  same 
scale  as  Hoffmeyer's  charts,  so  that  observations  could  be  read- 
ily transferred  from  Hoffmeyer's  charts  to  my  own.  I  then 
made  a  careful  examination  of  all  the  charts  in  succession. 
For  the  first  three  months  (December,  1878,  to  February,  1874), 
the  isobars  are  not  drawn  beyond  the  meridian  of  80°  west  of 
Paris,  so  that  these  charts  were  not  available  for  this  investi- 
gation. For  the  month  of  March,  1874,  I  selected  the  first 
chart,  which  showed  an  isobar  as  low  as  760  millimeters  (29*6 
inches),  near  the  coast  of  the  United  States,  and  marked  upon 
one  of  my  maps  the  position  of  the  center  of  the  lowest  isobar. 
If  the  same  low  area  could  be  identified  on  the  chart  of  the  fol- 
lowing day,  I  marked  upon  my  map  the  position  of  the  center 
of  the  lowest  isobar  for  that  date,  and  I  did  the  same  for  each 
following  day  as  long  as  the  low  area  could  be  identified.  The 
AM.  JooB.  8oi.— Thibd  Sbbibs,  Vol.  XVII,  No.  97.- Ja».,  1879. 
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points  thus  determined  were  connected  by  straight  lines,  and 
the  probable  track  of  the  low  area  was  thus  obtained.  The 
same  method  was  pursued  with  each  of  the  charts  to  Novem- 
ber 80,  1875.  I  thus  obtained  seventy -seven  cases  of  low  areas 
near  the  coast  of  the  United  States,  and  was  able  to  follow 
thirty-six  of  them  with  considerable  confidence  entirely  across 
the  Atlantic  Ocean;  but  eight  of  these  storms  became  merged 
in  other  storms  before  reaching  the  European  coast,  leaving 
only  twenty-eight  diflferent  low  areas  which  reached  the  coast 
of  Europe.  The  preceding  table  exhibits  the  most  important 
particulars  relating  to  these  seventy-seven  casea  Column  1st 
contains  the  number  for  reference;  column  2d  shows  the  date 
of  the  chart  upon  which  a  low  area  was  first  found  near  the 
coast  of  the  United  States;  column  3d  shows  the  latitude,  and 
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column  4th  the  longitude  of  the  center  of  the  lowest  isobar  for 
the  date  mentioned  in  column  2d,  and  column  6th  shows  the 
amount  of  the  lowest  isobar.  As  the  isobars  are  drawn  at 
intervals  of  five  millimeters,  it  is  probable  that  at  the  center  of 
the  low  area  the  pressure  was  frequently  as  low  as  745  m.  (29-3 
inches),  and  sometimes  lower.  Column  6th  shows  the  latitude 
in  which  the  central  path  of  the  low  area  crossed  the  meridian 
of  60®  W.  from  Paris,  and  column  7th  shows  the  lowest  isobar 
for  that  position;  column  8th  shows  the  latitude  in  which  the 
central  path  crossed  the  meridian  of  80**  W.  of  Paris,  and  col- 
umn 9th  shows  the  lowest  isobar  for  that  position;  column 
10th  shows  the  latitude  in  which  the  central  path  crossed  the 
meridian  of  Paris,  and  column  11th  shows  the  lowest  isobar  in 
that  position ;  column  12th  shows  the  number  of  days  required 
for  the  low  center  to  travel  from  the  meridian  of  60°  to  that  of 
Paris ;  and  column  18th  shows  the  averajje  velocity  of  the  cen- 
ter in  its  course  between  these  two  meridians.  This  average  is 
obtained  by  supposing  the  center  to  have  followed  the  arc  of  a 
great  circle,  and  takes  no  account  of  the  actual  irregularities  of 
its  coursa  Column  14th  shows  the  highest  wind  reported  on 
the  English  coast  at  the  time  the  low  center  was  nearest  These 
winds  are  estimated  upon  a  scale  from  1  to  6,  where  1  denotes 
a  light  breeze ;  2  a  fresh  breeze ;  3  very  fresh ;  4  a  hard  wind  ; 

5  a  gale,  and  6  denotes  a  hurricane.  The  velocities  given  in 
column  14th  are  the  highest  velocities  reported  anywhere  near 
the  coast  of  England,  but  do  not  include  Scotland.  If  Scot- 
land had  been  included,  the  velocities  in  some  cases  would  have 
been  greater.  Column  15th  shows  the  direction  of  the  wind 
corresponding  to  the  velocity  in  column  14th.  Sometimes  at 
several  stations  the  same  velocity  was  reported,  but  with  dif- 
ferent directions.  The  direction  given  in  column  15th  is  the 
one  which  occurs  most  frequently  for  the  given  date  and 
velocity. 

We  see  from  this  table  that  in  one  year  there  are  on  an  ave- 
rage onlv  eighteen  diflFerent  storms  which  can  be  traced  by 
means  of  Hoffmeyer's  charts  from  the  coast  of  the  United 
States  across  the  Atlantic.  If  for  each  day  we  had  two  good 
charts,  instead  of  only  one,  it  is  probable  that  a  few  more 
storms  might  be  identified  in  their  progress  across  the  ocean, 
but  it  is  doubtful  whether  the  number  would  be  greatly 
increased.  Nearly  all  of  these  storms  pursued  a  course  nortn 
of  east,  and  passed  considerably  to  the  north  of  Scotland.  In 
only  four  of  the  cases  did  the  low  center  cross  the  meridian  of 
Paris  in  a  latitude  as  low  as  the  northern  boundary  of  England. 
The  average  track  of  the  thirty-six  low  centers  which  are  traced 
across  the  ocean,  is  shown  by  the  means  at  the  bottom  of  the 
table,  where  it  is  seen  that  the  meridians  of  60**,  80**  and  0% 
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were  crossed  iu  the  latitudes  49**-6,  SS'^'O  and  68°-8.  Since  tlie 
storm  centers  generally  passed  800  miles  north  of  London, 
most  of  tbem  did  not  exhibit  much  violence  on  the  English 
coast  In  half  of  the  cases,  the  highest  velocity  reported  was  8, 
denoting  a  very  fresh  breeze,  and  in  only  six  of  the  cases  was 
the  velocity  at  any  station  on  the  English  coast  as  high  as  5, 
denoting  a  gala 

We  may  nence  conclude  that  when  a  center  of  low  pressure 
(below  29'5  inches)  leaves  the  coast  of  the  United  States,  the 
probability  that  it  will  p^ass  over  any  part  of  England  is  only 
one  in  nine ;  the  probability  that  it  will  give  rise  to  a  gale  any- 
where near  the  English  coast  is  only  one  in  six ;  and  the  prob- 
ability that  it  will  give  rise  to  a  very  fresh  breeze  is  one  in  two. 

One  of  the  most  noticeable  circumstances  connected  with 
Atlantic  storms  is  their  slow  rate  of  progress.  This  is  due 
partly  to  the  erratic  course  of  the  center  of  the  low  area,  and 
partly  to  the  frequent  blending  of  two  low  areas  into  one, 
whence  it  generally  results  that  the  most  eastern  center  appears 
to  be  pushed  backward  toward  the  west.  In  my  eighth  paper 
I  have  described  a  remarkable  example  of  this  kind  of  move- 
ment In  like  manner  the  storms  numbered  86,  89,  41,  51,  58, 
70  and  72  of  the  preceding  table  appeared  to  be  pushed  west- 
ward by  blending  with  storms  of  a  subsequent  date.  Aside 
from  this  cause  of  detention,  there  seems  in  the  Atlantic  Ocean 
to  be  a  special  cause  which  frequently  holds  storms  nearly  sta- 
tionary in  position  from  day  to  day,  and  this  cause  is  probably 
the  abundance  of  warm  vapor  rising  from  the  Gulf  Stream, 
in  close  proximity  to  the  cold  dry  air  from  the  neighboring 
coast  of  North  America.  Hence  we  see  that  when  American 
storms  are  predicted  to  appear  upon  the  European  coast,  and  it 
is  assuDfied  that  they  will  cross  the  ocean  at  the  same  rate  as 
they  have  crossed  the  United  States,  such  predictions  will  sel- 
dom be  verified. 

It  will  also  be  noticed  that  the  storms  which  cross  the  Atlan- 
tic, generally  increase  in  intensity  after  leaving  the  American 
coast;  the  average  depression  of  the  barometer  shown  in  the 
preceding  table  being  6  millimeters  (0*24  inch)  greater  in  long. 
30*"  than  in  long.  60  . 

Origin  of  the  storms  here  traced, — Two  of  the  storms  enumer- 
ated in  the  preceding  table  and  which  have  been  traced  across 
the  Atlantic  (Nos.  51  and  70),  appear  to  have  originated  over 
the  Atlantic  Ocean ;  five  of  them  (Nos.  46,  52,  54,  78  and  75), 
appear  to  have  originated  in  Texas  or  its  vicinity;  four  of 
them  (Nos.  67,  69,  71  and  74),  appeared  to  originate  in  the  mid- 
dle latitudes,  but  considerably  east  of  the  Rocky  Mountains; 
about  half  of  the  whole  number  appear  to  have  originated  in 
the  neighborhood  of  the  Rocky  Mountains ;  that  is,  it  is  diffi- 
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cult  to  trace  them  satisfactorily  further  west;  but  four  of  the 
number  can  be  distinctly  traced  to  the  Pacific  coast,  viz:  two 
of  them  (Nos.  26  and  4i)  to  California,  and  two  of  them  (Nos. 
89  and  40)  to  Oregon.  The  course  of  No.  89  is  represented  on 
Plate  I.  At  7.85  A.  m.,  January  19th,  the  barometer  at  Port- 
land, Oregon,  stood  at  29-34,  and  at  4.85  P.  M.  at  29*22,  a 
depression  which  has  seldom  been  observed  at  that  place. 
This  low  area  traveled  eastward  across  the  United  States  with 
diminishing  intensity.  On  the  morning  of  the  20th,  the  great- 
est depression  was  at  Bismark,  29*48 ;  on  the  morning  of  the 
21st,  at  Keokuk,  29-75;  on  the  22d,  at  Alpena,  29*74;  on  the 
28d,  at  Sydney,  29*54,  and  during  the  next  two  days  the  depres- 
sion still  further  increased.  Another  low  area  had  now  arrived 
at  Nova  Scotia,  and  on  the  26th  had  approached  so  near  the 
former  that  the  two  seemed  inclined  to  coalesce.  On  the  two 
following  days  this  tendency  became  more  decided,  and  on  the 
29th  both  were  united  in  one  great  depression,  the  pressure 
near  the  center  being  28*94.  This  low  area  advanced  toward 
the  northeast  without  any  perceptible  diminution  of  intensity ; 
but  when  it  had  nearly  reached  the  North  Cape,  its  course  was 
turned  to  the  southeast  The  center  of  this  low  area  has  thus 
been  traced  through  about  150®  of  longitude,  and  considering 
that  the  depression  was  unusually  great  when  first  observed  in 
Oregon,  it  seems  safe  to  conclude  tnat  this  low  area  preserved 
its  identity  through  more  than  180®  of  longitude.  It  will  be 
seen,  however,  that  this  storm  of  January  19th  to  February  8d, 
1875,  was  an  unusual  case.  The  changes  of  the  barometric 
depressions  are  so  frequent  that  a  low  area  can  seldom  be  iden- 
tified in  its  progress  from  the  Pacific  Ocean  to  Eastern  Europe. 
West  India  Ouchnes, — During  the  period  embraced  by  Hoff- 
raeyer's  maps,  there  occurred  several  cyclones  which  originated 
in  6r  near  the  Gulf  of  Mexico.  The  following  cases  are  noted 
on  the  maps  of  the  United  States  Signal  Service : 

1.  1874,  Sept.  5-  7.        4.  1875,  Sept.  14-19. 

2.  "   Sept.  9-11.         5.   "   Oct.  13-16. 

3.  "   Sept.  27-30.        6.   "   Nov.  8-11. 

No.  1  apparently  moved  northward  and  was  mei'ged  in  a  larger 
depression  previously  existing  near  South  Greenland.  No.  2 
cannot  be  certainly  identified  on  the  map  of  September  12th. 
No.  8  apparently  moved  northward  over  Labrador.  No.  4  (the 
great  Indianola  hurricane)  appeared  to  merge  in  a  greater  depres- 
sion previously  existing  near  Newfoundland,  without  producing 
any  sensible  modification  in  it.  No.  5  can  be  traced  across  the 
Atlantic,  but  during  its  progress  it  blended  with  one  or  two 
other  depressions.  No.  6  can  be  traced  across  the  Atlantic, 
and  throughout  the  entire  passage  preserved  its  identity  pretty 
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distinctly.  Thus  we  see  that  of  the  six  cyclones  here  men- 
tioned, only  two  can  be  traced  across  the  Atlantic,  and  only 
one  of  them  escaped  blending  with  another  depression.  These 
cases  (although  few  in  number)  suggest  the  conclusion  that  the 
West  India  cyclones,  however  viment  they  may  be  within  the 
tropics,  when  they  reach  the  middle  latitudes,  expand  in  area 
ana  lose  much  of  their  violence,  and  after  a  lew  days  are 
usaally  merged  in  some  of  the  larger  depressions  whicn  gen- 
erally prevail  in  some  part  of  the  North  Atlantic  Ocean. 

FhKtuaHone  of  the  barometer  on  MU  Washington  and  Pikers  Peak. 

The  Annual  Report  of  the  United  States  Chief  Signal  Officer 
for  1878  contains  a  series  of  hourly  observations  of  the  barom- 
eter on  the  summit  of  Mt  Washington  (elevation  6,285  feet), 
and  also  at  the  base  of  the  mountain  (elevation  2,898  feet) 
during  May  and  June,  1878.  I  have  projected  all  these  obser- 
vations in  curve  lines  and  find  a  general  correspondence  between 
the  fluctuations  of  the  barometer  at  the  two  stations,  with  some 
decided  differences,  among  which  the  most  noticeable  is  that 
the  maxima  and  minima  of  pressure  generally  occur  earlier  at 
the  base  of  the  mountain  than  thev  do  at  the  summit  The 
following  table  shows  the  principal  maxima  and  minima  for 
the  months  of  May  and  June,  the  barometric  readings  being 
corrected  for  temperature  and  instrumental  error  only. 

Barometer  at  base  and  summit  of  Mt.  Washington. 


Date. 

BttM. 

«^ 

Diir. 

Min 

Maj  3 

12  m. 

26*820 

2  p.m. 

23-390 

+  2>». 

Max. 

8 

7  a.m. 

27-547 

11a.m. 

24114 

+  4 

Min. 

13 

2  p.m. 

26-654 

6  p.m. 

23- 147 

+  4 

Max. 

21 

8  a.m. 

27-480 

9  a.m. 

24-055 

+  1 

Min. 

24 

IP.M. 

26-822 

5  p.m. 

23-422 

+  4 

Max. 

26 

8  a.m. 

27-346 

9  a.m. 

24-029 

+  1 

Min. 

28 

4  p.m. 

26-988 

9  p.m. 

23-631 

+  5 

Max. 

29 

10  a.m. 

27-187 

5  p.m. 

23-839 

+  7 

Min. 

30 

12  p.m. 

27-114 

5  a.m. 

23-607 

+  5 

Max. 

31 

9  a.m. 

27-500 

4  p.m. 

24-021 

+  7 

Min. 

June  5 

2  a.m. 

26-756 

5  a.m. 

23-406 

+  3 

Max. 

6  p.m. 

27-388 

6  p.m. 

24040 

.Si 

6  a.m. 

27-393 

11a.m. 

24-012 

Min. 

11 

6  a.m. 

27-007 

9  a.m. 

23-670 

+  3 

Max. 

13 

4  a.m. 

27-430 

10  A.M. 

24-043 

+  6 

Min. 

17 

2  a.m. 

26-952 

4  a.m. 

23-540 

+  2 

Max. 

]8 

8  a.m. 

27-138 

12m. 

23-748 

+  4 

Min. 

20 

2  a.m. 

26-788 

4  a.m. 

23-468 

+  2 

Max. 

25 

10  A.M. 

27-582 

12m. 

24-270 

+  2 

Min. 

28 

4  a.m. 

26-983 

5  p.m. 

23-708 

+  13 

Several  of  these  maxima  and  minima  are  represented  on  Plate 
II.    The  upper  curve  represents  the  barometric  fluctuations  on 
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the  summit  of  the  mountain  from  May  12,  2  P.  M.,  to  Majr  16, 
2  P.  M.,  the  interval  between  the  horizontal  lines  representing  a 
difference  of  one-fiftieth  inch  pressure,  and  the  interval  between 
the  vertical  lines  representing  two  hours  of  time.  The  second 
curve  represents  the  barometric  fluctuations  at  the  base  of  the 
mountain  for  the  same  datea  The  third  and  fourth  curves 
represent  the  fluctuations  from  May  22,  8  P.  M.,  to  May  26,  8 
p.  M. ;  and  the  fifth  and  sixth  curves  represent  the  fluctuations 
from  May  28,  10  A.  m.,  to  June  1,  10  A.  M.  The  minimum  of 
May  18th  is  pretty  sharply  defined,  and  occurred  on  the  sum- 
mit four  hours  later  than  at  the  base.  On  the  morning  of  May 
16th  occurred  another  minimum,  which  at  the  summit  was 
sharply  defined,  but  at  the  base  was  inconsiderable.  The  min- 
imum of  May  24th  was  pretty  sharply  defined  at  both  stations, 
and  the  same  is  true  of  the  maximum  May  26th.  From  Mav 
28th  to  June  1st  occurred  two  minima  and  two  maxima  whicli 
are  not  very  sharply  defined,  but  the  critical  points  at  the 
summit  evidently  lag  behind  the  corresponding  points  at  the 
basa  The  maximum  of  June  8th  continued  for  twenty-four 
hours  with  but  little  change,  and  the  highest  reading  occurred 
at  the  summit  of  the  mountain  earlier  than  at  the  base,  which 
may  be  regarded  as  an  exception  to  the  general  rule.  If,  how- 
ever, we  compare  the  corresponding  undulations  of  the  two 
curves,  I  think  it  will  appear  that  the  first  maximum  occurred 
at  both  stations  at  about  the  same  instant,  and  the  second 
maximum  occurred  six  hours  earliest  at  the  base.  The  decided 
fall  of  the  barometer  began  six  hours  earlier  at  the  base  than 
at  the  summit  The  minimum  of  June  28th  continued  for 
eighteen  hours  without  much  change,  but  the  absolute  min- 
imum occurred  thirteen  hours  earlier  at  the  base  than  at  the 
summit 

These  observations  appear  to  me  to  prove  that  the  maxima 
and  minima  of  the  barometer  do  not  generally  occur  simulta- 
neously at  the  top  and  bottom  of  Mt  Washington,  but  on  an 
average  occur  more  than  three  hours  later  at  the  summit  than 
at  the  base,  showing  an  average  retardation  of  one  hour  for  each 
900  feet  of  elevation. 

In  order  to  test  this  result  by  independent  observations,  I 
compared  the  observations  made  on  thef  summit  of  Mt  Wash- 
ington with  those  made  at  Burlington,  Vt,  and  Portland,  Me., 
from  September,  1872,  to  January,  1875.  Burlington  and  Port- 
land are  distant  from  each  other  about  150  miles,  and  Mt 
Washington  is  about  midway  between  them,  and  we  might 
expect  that  the  barometric  minima  at  Mt  Washington  would 
occur  at  dates  intermediate  between  those  at  Burlington  and 
Portland.  I  therefore  selected  all  those  cases  in  which  the 
barometer  at  Portland  fell  as  low  as  29*6  inches,  and  deter- 
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mined  the  times  of  barometric  minima  at  these  three  stations. 
The  result  is  shown  in  the  following  table,  where  the  numeral 
1  following  a  date  denotes  the  7.85  A.  M.  observation ;  2  denotes 
the  4.35  p.  M.  observation ;  and  8  denotes  the  11  P.  M.  observa- 
tion. When  the  pressure  at  two  successive  observations  was 
sensibly  the  same,  I  have  taken  the  intermediate  date  as  being 
the  true  time  of  minimum.  The  fifth  column  shows  the  dif- 
ference between  the  date  of  minimum  on  Mt  Washington  and 
the  half  sum  of  the  dates  at  Burlington  and  Portland  expressed 
in  units  of  eight  houra 

JBarometric  minima  at  Burlington^  Vt,  Portland,  Me.,  and 
Mt,  Washington,  N,  H. 


Bnrlli. 

Fortl'd. 

MtW. 

Dlff. 

Biirl«ii. 

Portrd. 

Mt.W. 

Dlff. 

1872. 

<L 

d. 

d. 

1873. 

d. 

d. 

d. 

Oct 

U.H 

14.1i 

14.2 

+  0-5 

Dec. 

26.3 

26.3 

26.3 

00 

27.1 

27.1 

27.1 

00 

28.1 

28.1 

28.2 

+  10 

Nov. 

7.1 

7.2 

7.3 

+  1-5 

1874. 

12.2 

12.3 

12.3 

+  0-5 

Jan. 

8.2 

8.2 

8.2i 

+  0-6 

U.3 

)4.3i 

15.1 

+  0-7 

10.1 

10.2 

10.2 

+  0-6 

30.1 

30.1 

30.1 

0-0 

15.2 

16.2i 

16.1 

+  1-7 

Dea 

2.3 

3.1 

3.1 

+  0-6 

nA 

23.2 

23.2 

+  0-6 

9.1 

9.3 

10.1 

+  2-0 

28.1 

28.2 

28.3 

+  1-6 

27.2 

27.2 

28.1 

+  20 

Feb. 

10.2i 

10.3 

ll.li 

+  1-7 

1873. 

13.3 

14.1 

141 

+  0-6 

Jan. 

3.3 

3.3 

41 

+  1-0 

16.2 

16.3 

17.1 

+  1-6 

6.3 

6.3 

6.1 

+  10  ! 

Afarch 

4.1 

42 

42 

+  0-5 

21.3 

22.1 

22.1 

+  0-6 

9.1 

lO.li 

10.1 

+  1-2 

27.2 

27.3 

27.3 

+  0-6 

19.2 

19.3 

20.1^ 

+  20 

Pteb, 

4.2 

4.2 

4.2i 

+  0-2 

22.3 

23.1 

23.1 

+  0-5 

8.1 

8.1 

8.2 

+  1-0 

26.2 

26.3 

26.3 

+  0-5 

21.2i 

21.3 

22.2 

+  1-2 

April 

3.1 

3.2 

3.2 

+  0-6 

March 

3.2 

3.2 

3.3 

+  10 

15.2 

15.2 

16.1 

+  2-0 

8.2i 

9.1 

9.1 

+  0-7 

21.1 

21.1 

2\.\\ 

+  0-6 

16.1 

16.1i 

16.3 

+  1-7 

26.1 

26.1 

26.1 

00 

21.U 

21.1i 

21.2i 

+  1-0  1 

30.2 

30.1 

30.2 

+  0-6 

23.2 

23.3 

24.1 

+  1-5  ! 

May 

5.2i 

5.2 

6.3i 

+  1-2 

26.2 

26.3 

27.1 

+  1-6 

25.2i 

25.3 

25.3| 

+  0-7 

29.3 

30.1 

30.1 

+  0-6  1 

31.2i 

31.2i 

32.1 

+  1-6 

31.1 

31.2 

31.2 

+  0-5 

June 

7.3J 

8.1 

8.2 

+  1-2 

April 

14.2 

14.2 

14.1 

-10 

17.2i 

I7.3i 

17.3i 

+  0-6 

19.1i 

19.2 

19.3 

+  1-2 

23.2 

23.3 

241 

+  1-6 

26.3i 

26.H 

26.1 

0-0  I 

28.2 

28.2 

28.3 

+  10 

Maj 

13.1 

13.2 

13.2 

+  0-6  ' 

Aug. 

1.2 

1.2 

1.2 

00 

24.  H 

24.2 

24.2 

+  0-2 

Sept 

30.1 

30.1 

30.2 

+  10 

June 

4.2i 

4.21 

4.3i 

+  1-0 

Oct 

2.2 

2.2 

2.3 

+  10 

19.3 

20.2 

20.2 

+  10  1 

10.2i 

10.3 

11.1 

+  1-2 

Sept 

1.2 

1.2 

2.1 

+  2-0  1 

17.3i 

18.2 

18.3i 

+  2-2 

Oct 

7.1 

7.1 

7.1 

0-0  1 

Nov. 

lO.Bi 

U.li 

11.3 

+  20 

12.1 

12.2 

12.3 

+  1-5  1 

20.3 

20.3 

21.1 

+  1-0 

27.1 

27.2 

27.2 

+  0-5  ' 

23.3 

23.3 

23.31 

+  0-5 

Nov. 

a2 

8.2 

8.3 

+  10 

29.  li 

29.H 

29.2 

+  0-5 

12.3 

^2.3 

13.  li 

+  1-6 

Dec. 

17.2 

17.3 

18.1 

+  1-6 

18.2 

18.2 

18.2 

00 

24.1i 

242 

242 

+  0-2 

Dec 

4.1 

4.2 

4.2i 

+  1-0 

1876. 

13.2 

13.3 

13.3 

+  0-5 

Jan. 

2.2 

2.2 

2.3 

+  1-0 
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It  will  be  seen  that  in  one  instance  the  minimum  at  Mt 
Washington  occurred  earlier  than  it  did  at  Burlington  or  Port- 
land; in  eight  cases  the  minima  occurred  simultaneously;  in 
seventy  cases  the  minimum  on  Mt  Washington  occurred  later 
than  the  half  sum  of  the  dates  at  Burlington  and  Portland,  the 
averaore  difference  being  0'88,  or  seven  hours.  The  height  of 
Mt.  Washington  above  Burlington  and  Portland  is  6,148  feet, 
showing  an  average  retardation  of  one  hour  for  an  elevation  of 
870  feet 

I  next  compared  the  observations  made  at  the  summit  of  Mt 
Mitchell  in  ISTorth  Carolina  (elevation  6,691  feet)  with  those 
made  at  the  base  of  the  mountain  (elevation  2,560  feet)  from 
August  6th  to  September  5th,  1873,  published  in  the  Report  of 
the  United  States  Chief  Signal  Officer  for  1873,  but  the  fluctu- 
ations of  the  barometer  were  too  small  to  yield  satisfactory 
results.  The  following  are  the  most  noticeable  coincidences  of 
minimum  pressure : 


Base. 

Sommlt. 

Difference. 

1873.  Aug.  13 

3  p.m. 

4  p.m. 

+  1  hour. 

15 

2A.lf. 

5  a.m. 

+  3  hours. 

25 

5  P.M. 

7  P.M. 

+  2 

27 

2  a.m. 

4  A.M. 

+  2 

Sept    4 

3  p.m. 

7  P.M. 

+  4 

6 

3  p.m. 

6  p.m. 

+  3 

These  results  indicate  an  average  retardation  of  one  hour  for  an 
elevation  of  1,600  feet,  but  the  fluctuations  are  so  small  that 
no  great  importance  can  be  attached  to  them  except  as  they 
are  taken  in  connection  with  other  observations. 

I  next  compared  the  observations  made  on  Pike's  Peak  (ele- 
vation 18,960  feet)  with  those  made  at  Colorado  Springs,  the 
base  of  the  mountain  (elevation  5,8:50  feet),  a  copy  of  which 
observations  I  have  received  in  manuscript  through  the  kind- 
ness of  General  Myer.  When  the  observations  at  these  two 
stations  are  projected  in  curves,  the  differences  between  the 
two  curves  are  seen  to  be  considerable,  but  there  is  a  large 
number  of  cases  in  which  the  resemblance  is  very  decided. 
The  following  table  contains  those  cases  in  which  the  dates  of 
maximum  and  minimum  pressure  are  most  sharply  defined. 
There  are  many  other  cases  in  which  the  general  resemblance 
of  the  curves  is  very  decided,  but  the  change  of  curvature  is 
too  gradual  to  admit  of  a  satisfactory  comparison  of  the  instants 
of  maximum  or  minimum  pressure.  The  table  shows  the  date 
(hour  and  minute)  of  several  maxima  and  minima  both  at.Col- 
orado  Springs  and  Pike's  Peak,  and  the  last  column  shows  the 
difference  between  the  dates  of  the  critical  points  at  the  two 
stations. 
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Barometer  at  Colorado  Springs  and  Pikers  Peak, 


,.1 

Date. 

Colorado  Spiingi. 

Flke'BPcali. 

BllL 

h.  m. 

barom. 

h.  m. 

barom. 

h.  m. 

1 

Max. 

1873.  Nov. 

16  10.25  a.m. 

30*  15 

4.H5  P.M. 

30- 12 

+   6.10 

2 

Min. 

22 

7.35  A.M. 

29-69 

7.35  A.M. 

29-64 

0.00 

3 

Min. 

Dec. 

2 

3.52  P.M. 

29  48 

3.    7.35  A.M. 

29-18 

+  15.43 

4 

Min. 

7 

4.35  P.M. 

29-58 

7.47  P.M. 

29-47 

+   3.12 

5 

Min. 

11 

4.35  P.M. 

29-60 

4.35  P.M. 

29-48 

0.00 

6 

Max. 

13 

8.13  a.m. 

30-27 

7.47  P.M. 

30-18 

+  11.34 

7 

Max. 

24;  8.13  a.m. 

30-27 

11.00  P.M. 

30-12 

+  14.47 

8    Min. 

25'1  1.00  P.M. 

2980 

26.    7.35  a.m. 

29-75 

+   8.35 

9i  Min. 

1874.  Jan. 

3    7.35  a.m. 

29  28 

4.35  P.M. 

29-32 

+   9.00 

10 

Max. 

6!  12.00  m. 

30- 17 

7.47  P.M. 

30  03 

+   7.47 

11 

Min. 

26    4.35  p.m. 

29-71 

27.    7.35  a.m. 

29-65 

+  15.00 

12 

Max. 

28    8.13  a.m. 

30-19 

11.00  p.m. 

3007 

+  14.47 

13 

Max. 

Feb. 

8  12.00  m. 

30- 1 2 

9.    7.35  a.m. 

29-93 

+  19.36 

14 

Min. 

12  10.25  a.m. 

29-31 

4.35  P.M. 

2920 

+   6.10 

15 

Max. 

19  11.00pm. 

29-81 

11.00  P.M. 

2964 

0.00 

16 

Min. 

March  6  1 1.00  P.M. 

29-43 

4.35  P.M. 

29-36 

-  6.26 

17 

Min. 

30|  4.13  pm. 

29-65 

4.35  P.M. 

29-58 

+   0.22 

18 

Max. 

April   2|  8.52  a.m. 

30-19 

4.35  p  M. 

29-95 

+   7.43 

19 

Min. 

4    4.13  p.m. 

29-63 

4.35  P.M. 

29-60 

+   0.22 

20 

Min. 

May 

1    4.35  p.m. 

29-50 

2.    7.35  a.m. 

29-50 

+  15.00 

21 

Min. 

9    3.52  p.m. 

29-39 

4.36  P.M. 

29-46 

+   0.43 

22 

Max. 

Oct 

21  ll.OOpjf. 

30-28 

22.  12.00  m. 

30-27 

+  13.00 

23 

Min. 

24    7.35  a.m. 

29-64 

7.35  A.M. 

29-63 

0.00 

24 

Max. 

26  12.00  m. 

30-21 

4.35  P.M. 

3011 

+   4.35 

25 

Min. 

281  7.35  a.m. 

29-5$i 

3.17  A.M. 

29-63 

-  4.18 

26 

Max. 

301  1.00  p.m. 

30-31 

11.00  P.M. 

29-98 

0.00 

27 

Max. 

Nov. 

12  12.00  m. 

3016 

4.35  P.M. 

30-06 

+   4..35 

28 

Min. 

22;  7.35  a.m. 

29-32 

7.35  A.M. 

29-37 

0.00 

29 

Max. 

25;   1.25  a.m. 

29-98 

7.35  A.M. 

29-96 

+   6.10 

30 

Min- 

Dec. 

15^  4.35  P.M. 

29-58 

7.47  P.M. 

29-56 

+   3.12 

31 

Max. 

23  11.00  p.m. 

30-08 

11.00  P.M. 

29-79 

0.00 

32 

Max. 

1875.  Jan. 

21    4.35  p.m. 

30-03 

11.00  P.M. 

29-76 

+   6.25 

33 

Min. 

22  11.00  P.M. 

29-75 

23.    7.35  A.M. 

29-54 

+   8.35 

In  a  majority  of  the  cases,  the  critical  points  occur  several 
hours  later  on  Pike's  Peak  than  at  Colorado  Springs.  In  ten 
of  the  cases  the  difference  was  less  than  one  hour,  and  in  two 
cases  the  minimum  appeared  to  occur  earlier  at  the  summit 
than  at  the  base  of  the  mountain.  These  anomalies  are,  how- 
ever, more  apparent  than  real.  In  No.  16  the  barometer  at 
Pikers  Peak  was  lowest  at  4.35  P.  M.,  but  at  7.86  a.  m.  of  the 
next  day  it  had  risen  only  0*02  inch.  In  No.  25,  at  the  time 
of  the  minimum  at  Colorado  Springs,  the  barometer  at  Pike's 
Peak  had  not  yet  begun  to  rise,  so  that  we  may  claim  that  in 
both  of  these  cases  tne  minima  occurred  sensibly  at  the  same 
instant  at  both  stations.  The  average  retardation  indicated  by 
all  the  cases  in  the  table  is  6*»  50™,  or  one  hour  for  an  elevation 
of  1,380  feet 

The  number  of  cases  here  examined  appears  to  be  sufficient 
to  warrant  the  following  conclusions:  that  over  the  United 
States,  both  the  maxima  and  minima  of  atmospheric  pressure 


Digitized  by 


Google 


12        E,  Loomzs — (Nervations  o/theU.  &  Signal  Service. 

generally  occur  first  near  the  surface  of  the  earth,  and  they 
occur  later  as  we  rise  above  the  surface,  the  retardation  amount- 
ing to  one  hour  for  an  elevation  of  from  900  to  1,300  feet. 

Since  the  changes  in  the  pressure  of  the  air  generally  begin 
at  the  surface  of  the  earth,  it  might  be  presumed  that  the 
changes  in  the  direction  of  the  wind  must  follow  the  same  law. 
In  order  to  decide  this  question  I  selected  all  those  cases  in 
which  the  wind  on  the  summit  of  Mt  Washington  blew  from 
either  the  points  S.,  S.E.,  E.  or  N.R,  according  to  the  hourly 
observations  during  the  months  of  May  and  June,  1878.  The 
number  of  these  cases  was  196,  and  they  belong  to  ten  differ- 
ent periods  whose  duration  is  shown  in  column  8d  of  the  fol- 
lowing table.  Column  2d  shows  the  direction  of  the  wind 
during  this  period,  and  column  4th  shows  the  number  of  hours 
at  which  this  wind  was  observed. 

Comparison  of  winds  at  the  base  and  summit  of  Mt,  Washington. 


Sarf ace  winds  from  tbe  East. 

"No. 

Wind. 

Duration. 

Hf. 

29 
40 
19 

6 

2 
46 

4 
10 
36 

4 

Began. 

Ended. 

1 
1 
3 
4 
5 
6 

n 

8 

9 

10 

S.  toE. 
S.  toE. 

S. 

s. 

s. 

S.E.  to  N.B. 

N.E. 

S.  to  S.E. 

S.E.  to  N.E. 

S. 

May  2,  2  p.lf.  to  May  3,  6  P.lf. 
May  9,  1  A.lf.  to  May  10,  4  p.m. 
May  11, 11  A.if .  to  May  1 2,  5  a.m. 
May  2 1 , 1 1  A.lf .  to  May  21, 4  P.M. 
May  26, 10  A.M.  to  M.  26, 11  A.M. 
June  7, 1  P.M.  to  June  10, 11  a.m. 
June  13, 2  A.M.  to  June  IH,  8  a.m. 
June  1 4, 1  P.M.  to  June  1 5,  1  a.m. 
June  22,  9  P.M.  to  June  25,  3  P.M. 
June  29,  6  p.m.  to  June  29,  9  p.m. 

7  h're  earliest. 

Ill  " 

12  "        " 

12  "        " 

Uncertain. 

Variable. 

6  hr*8  earliest. 

6    "        " 

Simultaneous. 

Simultaneous. 

4  h'rs  latest 
2    "   earliest. 
8    *'   earUest. 
6    "   earliest. 
Uncertain. 
Variable. 
Uncertain. 
2  h'rs  latest. 
Variable. 
Variable. 

In  the  case  of  Nos.  6,  7,  8  and  9  the  interval  named  in  col- 
umn 3d  exceeds  the  number  of  hours  mentioned  in  column 
4th,  and  includes  several  hours  of  calms,  besides  a  few  hours  in 
which  there  was  a  feeble  wind  from  the  N.  or  W.  points.  Col- 
umn 5th  shows  when  the  surface  winds  began  to  blow  from  S., 
S.E.,  E.  or  N.E. ;  and  column  6th  shows  when  these  winds 
changed  to  north  or  west  The  time  here  given  for  the  change 
of  the  surface  winds  is  designed  to  indicate  the  time  of  general 
change  at  the  neighboring  stations,  and  does  not  depend  exclu- 
sively upon  ob.servations  at  the  base  of  the  mountain.  It  will 
be  seen  that  the  surface  winds  generally  began  to  blow  (rom 
the  east  several  hours  before  the  change  took  place  on  the  sum- 
mit of  Mt  Washington.  The  change  of  wind  back  from  east 
to  west  sometimes  occurred  first  at  the  base  and  sometimes  it 
occurred  first  on  the  summit  The  term  variable  in  column 
6th  denotes  that  the  surface  winds  were  feeble,  and  fluctuated 
for  several  hours  between  east  and  west 

It  will  be  noticed  that  during  the  entire  period  of  the  baro- 
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metric  oecillatioDs  represented  on  Plate  11,  the  wind  on  Mt. 
Washington  never  blew  from  the  S.,  S.E.,  E.  or  N.E.,  and 
the  same  is  true  of  the  four  minima  in  the  months  of  May  and 
June,  1873,  mentioned  on  page  9.  Thus  we  see  that  areas  of 
low  barometer  frequently  occur  accompanied  by  surface  winds 
from  the  south  and  east,  while  the  winds  on  Mt  Washington 
blow  uninterruptedly  from  the  western  quarter ;  aud  in  those 
cases  in  which  the  wind  on  Mt  Washington  blows  from  an 
eastern  quarter,  the  change  from  west  to  east  generally  occurs 
first'at  the  base  of  the  mountain. 

It  is  also  noticeable  that  the  diurnal  movements  of  the  barom- 
eter exhibit  a  peculiarity  similar  to  that  found  for  the  acci- 
dental fluctuations.     This  is  shown  by  the  following  table, 


Mean  height  of  the  barometer  at  aU  hours  of  the  day 

• 

Mount  Washington,  Keir  Hampalilre. 

Mt.MItchell, 

Month  of  Jane. 

Month  of  Mft7. 

May  and  Jnne. 

Angnst. 

Stafnl 

Stftfna 

8t«t*n8 

SUfni 

Stafnl 

St«t*n  4 

Snmt. 

Base. 

8nm*t. 

Bhse. 

lAJL 

23-818 

24^512 

25-979 

27^179 

23-702 

27^162 

23^760 

27166 

23^720 

27366 

2 

•815 

•613 

•976 

•173 

•699 

•149 

•767 

•161 

•714 

•361 

3 

•806 

•508 

•971 

•170 

•696 

•147 

•761 

•168 

•711 

•347 

4 

•802 

•511 

•976 

•176 

•690 

•146 

•746 

•160 

•706 

•349 

5 

•806 

•613 

•982 

•181 

•701 

•160 

•763 

•165 

•713 

•357 

6 

•811 

•613 

•987 

•189 

•701 

•158 

•766 

•173 

•720 

•368 

7 

•817 

•520 

•993 

•196 

•707 

•164 

•762 

•180 

•731 

•373 

8 

•821 

•627 

•996 

•196 

•714 

•166 

•767 

•181 

•739 

•378 

9 

•828 

•632 

•998 

•196 

•718 

•166 

•773 

■181 

•748 

•379 

10 

•838 

•536 

•999 

•196 

•725 

•166 

•781 

•180 

•753 

•374 

U 

•838 

•633 

•997 

•190 

•731 

•162 

•784 

•176 

•753 

•363 

noon 

•841 

•632 

•992 

•182 

•733 

•156 

•787 

•169 

•746 

•354 

IP.IL 

•839 

•632 

•986 

•177 

•731 

•149 

•786 

•163 

•737 

•345 

2 

•834 

•527 

•985 

•171 

•732 

•143 

•783 

•157 

•730 

•333 

3 

•830 

•628 

•976 

•161 

•725 

•142 

•777 

•162 

•726 

•330 

4 

•826 

•521 

•973 

•158 

•725 

•142 

•775 

•150 

•719 

•321 

6 

•817 

•620 

•973 

•152 

•724 

•147 

•771 

•150 

•717 

•323 

6 

•822 

•617 

•973 

•166 

•721 

•164 

•771 

•156 

•717 

•329 

7 

•818 

•623 

•976 

•166 

•727 

•162 

•772 

•163 

•723 

•346 

8 

•818 

•622 

•980 

•166 

•727 

•166 

•773 

•166 

•730 

•360 

9 

•826 

■531 

•984 

•173 

•733 

•170 

•779 

•171 

•737 

•361 

10 

•823 

•622 

•983 

•172 

•727 

•170 

•775 

•171 

•739 

•861 

11 

•821 

•622 

•981 

•174 

•720 

•169 

•770 

•171 

•736 

•360 

midnt 

•816 

•616 

•978 

•169 

•716 

•165 

•766 

•167 

•728 

•355 

which  gives  the  results  derived  from  the  hourlv  observations 
published  in  the  Signal  Service  Report  for  1873.  Column  2d 
shows  the  mean  height  of  the  barometer  at  station  1  (summit 
of  Mt  Washington),  at  each  hour  of  the  day  for  the  month  of 
Juna  Column  3d  shows  the  mean  height  of  the  barometer  at 
station  2  (5,553  feet  above  sea  level) ;  column  4th  shows  the 
barometer  at  station  3  (4,058  feet  above  the  sea) ;  and  column 
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5th  shows  the  barometer  at  station  4  (2,898  feet  above  the  sea). 
Columns  6th  and  7th  show  the  mean  height  of  the  barometer 
at  stations  1  and  4  for  the  month  of  May :  columns  8th  and  9th 
show  the  mean  height  of  the  barometer  at  stations  1  and  4  for 
the  months  of  May  and  June  combined.  Column  10th  shows 
the  mean  height  of  the  barometer  at  each  hour  of  the  day  for 
the  month  of  August,  on  the  summit  of  Mt  Mitchell,  N.  C. 
(elevation  6,691  feet),  and  column  II th  shows  the  barometer  at 
the  base  of  the  mountain  (elevation  2,560  feet). 

At  the  base  of  Mt  Washington  the  principal  maximum 
occurs  at  8J  A.  M.,  but  on  the  summit  it  does  not  occur  until 
noon,  being  a  retardation  of  8^  hours,  which  is  almost  identi- 
cally the  same  as  we  have  found  on  page  7  by  a  comparison  of 
the  accidental  fluctuationa  At  the  base  of  Mt  Mitchell  the 
principal  maximum  occurs  at  8^  A.  M.,  but  on  the  summit  it 
occurs  at  lOJ  a.  m.,  being  a  retardation  of  two  hours,  which 
also  accords  remarkably  with  the  result  derived  on  page  10, 
from  the  accidental  fluctuations. 

Sigh  Winds  on  Mount  Washington. 

In  order  to  study  the  laws  of  the  winds  on  Mount  Washing- 
ton, I  selected  from  the  published  volumes  of  the  Signal  Ser- 
vice observations  (Sept,  1872  to  Jan.,  1875)  all  those  cases  in 
which  the  velocity  of  the  wind  was  at  least  sixty  miles  per  hour. 
The  number  of  these  cases  was  434,  of  which  117  occurred  at 
7.35  A.  M.,  187  at  4.35  P.  M.  and  180  at  11  p.  M.  Thus  we  see 
that  at  11  P.  M.  the  frequency  of  high  winds  is  42  per  cent 

f greater  than  at  the  other  hours  of  observation.  But  near  the 
evel  of  the  sea  the  force  of  the  wind  at  11  P.  M.  is  general Iv 
near  its  minimum,  so  that  we  conclude  that  the  causes  which 
produce  high  winds  on  Mount  Washington  are  mainly  inde- 
pendent of  the  causes  which  determine  the  ordinary  diurnal 
change  in  the  force  of  the  wind  near  the  level  of  the  sea. 

The  following  table  shows  the  average  number  of  cases  of 
violent  winds  for  each  month  of  the  year. 


Spring.  I            Sammer.            I            Autumn.  |              Wintfr. 

Mar.  17.5)  June  11.6)                Sept  11.7)                Dec. 

Apr.  15.5}.  14.0  July    6-5  V  9.2        Oct.     9.7  V  13.8        Jan. 

May    9.0 )  Aug.   9.5)           |     Nov.  20.0  )  |    Feb. 


22.7  ) 
21.3  5.21.: 
19.5  ) 


Thus  we  see  that  during  the  winter  months,  high  winds  are 
twice  as  frequent  as  during  the  summer  months,  while  near  the 
level  of  the  sea  high  winds  are  seven  times  as  frequent  during 
the  former  period  as  during  the  latter  period. 

The  following  table  shows  the  number  of  cases  in  which  the 
wind  blew  from  the  different  directions  at  the  time  of  these 
high  velocities. 
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North,  53  cases.  South,  14  oases. 

Northwest,  260      *'  Southeast,  8      " 

West  63      "  East  2      " 

Southwest,      27      "  Northeast,  T      " 

Thus  we  see  that  60  per  cent  of  all  the  high  winds  came  from 
the  northwest ;  75  per  cent  came  from  the  west  and  northwest; 
87  per  cent  carae  from  the  west,  northwest  and  north ;  while 
only  4  per  cent  came  from  the  northeast,  east  and  southeast. 

hi  order  to  determine  whether  these  high  winds  bear  a  con- 
stant relation  to  centers  of  low  pressure  as  indicated  bj  obser- 
vations near  the  level  of  the  sea,  I  prepared  a  table  showing 
for  each  date  the  position  of  the  nearest  center  oflow  pressura 
This  table  is  so  large  that  I  have  not  thought  it  expedient  to 
publish  it  entire,  and  I  have  endeavored  to  abridge  ii  in  such  a 
manner  as  to  give  a  correct  idea  of  the  contents  of  the  complete 
table.  In  order  to  equalize  the  number  of  examples  for  the 
different  directions  of  the  wind,  I  adopted  a  different  standard 
of  velocity  for  each  direction  of  the  wind.  For  the  northwest 
winds  I  have  employed  onlyvelocitiesamountingto  one  hundred 
miles  per  hour;  for  the  west  wind,  I  have  employed  velocities  of 
eighty  miles  per  hour ;  for  the  north  winds  velocities  of  seventy- 
five  miles;  for  the  southwest  winds  sixty -five  miles;  for  the 
south  sixty  miles;  for  the  southeast,  fifty-four  miles ;  for  the 
northeast,  fifty  miles,  and  for  the  east  winds  I  have  employed  all 
velocities  amounting  to  forty  miles  per  hour.  The  results  are 
shown  in  thefollowing  table,  m  which  column  1st  shows  the  num- 
ber of  reference,  column  2d  shows  the  date  of  observation  ;  col- 
umn 3d  the  direction  of  the  wind,  column  4th  its  velocity  in 
miles  per  hour,  column  6th  the  position  of  the  nearest  center  of 
low  pressure,  and  column  5th  the  height  of  the  barometer  at 
the  station  named. 

It  will  be  observed  that  with  a  north  wind  of  seventy-five 
miles  per  hour  on  Mount  Washington  there  was  generally  a 
low  center  near  Halifax,  Chatham,  Sydney  or  Cape  Eozier.  In 
some  cases  the  center  of  least  pres.su re  had  already  passed 
beyond  our  stations  of  observation.  This  remark  applies  to 
Noa  1,  12  and  13.  The  direction  of  the  wind  was  nearly  at 
right  angles  to  the  direction  of  the  low  center.  In  all  these 
cases  the  pressure  was  above  thirty  inches  on  the  west  side  of 
Mount  Washington  and  at  a  distance  of  five  hundred  or  six 
hundred  miles;  but  in  a  majority  of  the  cases  the  center  of 
high  pressure  was  southwest  of  Mount  Washington. 

With  a  northwest  wind  of  one  hundred  miles  per  hour  on 
Mount  Washington  there  was  generally  a  low  center  near  Hali- 
fax, Sydney,  Quebec,  Father  Point  or  Cape  Rozier.  In  the 
case  ol  No.  88  (which  is  the  continuation  of  No.  11)  the  low 
center  had  already  passed  beyond  our  stntions  of  observation. 
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St^h  Winds  on 

Ml 

Washington, 

No. 

Dftte. 

Wind. 

Low. 

No. 

Date. 

Wind. 

Low. 

Direc. 

Vel. 

Bar. 

Station. 

~~~ 

Dlrec. 

Vel. 

Bar. 

SUUon. 

1 

'73.  Jan.  11.3 

N. 

76 

29-96 

Halifax. 

62 

'74.  Oct.  29.2 

S.W. 

68 

29-49 

Alpena. 

2 

'74.  April  4.3 

N. 

96 

•46 

Sydney. 

63 

Dec.  11.1 

S.W. 

70 

•79 

Ottawa. 

3 

11.3 

N. 

103 

•69 

Chatham. 

64 

'76.  Jan.    9.1 

S.W. 

73 

•72 

Parry  Sd. 

4 

Sept   2.1 

N. 

80 

•68 

Sydney. 

66 

13.2 

S.W. 

66 

•64 

Parry  Sd. 

5 

Oct.  16.1 

N. 

80 

•77 

0.  Kozier. 

66 

'73.  Jan.    5.2 

s. 

64 

•46 

Buffala 

6 

19.3 

N. 

90 

•37 

Chatham. 

67 

6.3 

s. 

60 

•34 

Oswegpo, 

n 

20.1 

N. 

90 

•66 

Chatham. 

68 

8.3 

a 

66 

•40 

Marquette 

8 

Nov.  11.1 

N. 

78 

•60 

C.  Rozier. 

69 

13.3 

s. 

80 

•68 

Montreal 

9 

11.3 

N. 

80 

•31 

C.  Kozier. 

70 

Mar.  11.2 

s. 

77 

•41 

Montreal 

10 

12.1 

N. 

76 

•50 

C.  Rozier. 

71 

31.3 

s. 

82 

•62 

Portland. 

11 

29.2 

N. 

84 

•30 

Chatham. 

72 

April  9.3 

s. 

89 

•47 

Marquette 

12 

Dec.  12.2 

N. 

100 

•95 

C.  Rozier. 

73 

'74.  Apr.  20.2 

s. 

60 

•40 

Rochester. 

13 

12.3 

N. 

80 

74 

May  16.1 

a 

68 

'65 

Saugeen. 

14 

16.2 

N. 

76 

•76 

Sydney. 

75 

18.3 

a 

60 

•69 

Quebec 

16 

'76.  Jan.  23.2 

N. 

96 

•66 

Sydney. 

76 

June  16.  \ 

s. 

60 

•70 

Ottawa. 

16 

26.3 

N. 

98 

•40 

C.  Rozier. 

77 

Nov.  20.2 

a 

60 

•38 

Portland. 

17 

27.2 

N. 

98 

•48 

Halifax. 

78 

28.3 

s. 

70 

•85 

Atlantic  0. 

18 

'73.  Feb.  10.2 

N.W. 

103 

•56 

Halifax. 

79 

'76.  Jan.  24.2 

a 

60 

•63 

Buffalo. 

19 

Mar.    8.3 

N.W. 

126 

•36 

Quebec. 

80 

'72.  Dec.    3.2 

aE. 

60 

•58 

Quebec 

20 

Aug.  ia3 

N.W. 

100 

•63 

Quebea 

81 

8-2 

aE. 

54 

•47 

MontreaL 

21 

'74.  Jan.  26.3'N.W. 

126 

•88 

Halifax. 

82 

'73.  Mar.  20.3 

aE. 

84 

•36  Toronto. 

22 

Feb.    6.2 

N.W. 

100 

•67 

Sydney. 

83 

Aug.  14.2 

aK 

60 

•78 

Lynchb'g. 

23 

8.1 

N.W. 

108 

•62 

Sydney. 

84 

14.3 

aE. 

60 

•82 

Pittsburg. 

24 

11.2 

N.W. 

100 

28^84 

Sydney. 

85 

18.2 

S.B. 

60 

•90 

Pittsburg. 

25 

Mar.  20.3 

N.W. 

110 

2933 

C.  Rozier. 

86 

Oct  20.1 

S.B. 

76 

•46 

Cape  May. 

26 

23.3 

N.W. 

130 

•49 

Sydney. 

87 

20.2 

aB. 

78 

•26tPhiladera. 

27 

24.3 

N.W. 

102 

•78 

Sydney.^ 

88 

21.1 

S.E. 

65 

•28:  Erie. 

28 

Apr.  30.2 

N.W. 

130 

28^97 

Father  Pt 

89 

Nov.  17.3 

S.E. 

56 

28^82 

Cape  May. 

29 

30.3 

N.W. 

115 

•99 

Father  Pt. 

90 

'74.  Jan.    8.1 

aB. 

62 

29-32 

Ottawa. 

30 

June  12.3 

N.W. 

100 

29^68 

Quebea 

91 

Sept  17.3 

aB. 

58 

•66 

Pembina. 

31 

13.3 

N.W. 

108 

•76 

Sydney. 

92 

Nov.  23.1 

aB. 

64 

28-75 

Alpena. 

32 

Nov.    6.3 

N.W.  100 

•64 

Quebec 

93 

'72.  Oct     7.1 

E. 

45 

29-83 

Oswego. 

33 

30.3 

N.W.'lOO 

•94 

Dec    6.1 

E. 

42 

•95 

Quebec. 

34 

Dec.  30.3'N.W. 

100 

•59 

C.  Rozier. 

96 

'73.  Apr.  12.3 

E. 

96 

•61 

N.  London 

36 

'76.  Jan.    9.3 

N.W. 

100 

•28 

Halifax. 

96 

May    3.2 

B. 

48 

•68 

N.  London 

36 

'72.  Nov.  25.2 

W. 

85 

•39 

Quebec. 

97 

9.2 

E. 

48 

•61 

Gd.Haveii. 

37 

Dec.  10.3 

w. 

84 

•73 

Quebec. 

98 

Nov.  18.1 

E. 

48 

28-66 

N.  London 

38 

'73.  Dec.    4.2 

w. 

80 

•43 

Quebec. 

99 

24.2 

E. 

68 

29-27 

Boston. 

39 

4.3 

w. 

96 

•29 

Chatham. 

100 

'74.  Apr.  10.1 

B. 

62 

•49 

Cape  May. 

40 

'74.  Jan.  23.2 

w. 

80 

•32 

Father  Pt. 

101 

25.3 

E. 

68 

•32 

Cape  May. 

41 

23.3 

w. 

108 

•27 

C.  Rozier. 

102 

26.1 

E. 

90 

•13 

Boston. 

42 

24.1 

w. 

88 

•77 

C.  Rozier. 

103 

May  21.3 

B. 

50 

•63 

Portland. 

43 

Feb.  26.3 

w. 

90 

•47 

Father  Pt. 

104 

July    4.3 

B. 

44 

•72 

New  York 

44 

Mar.  24.2 

w. 

115 

•67 

Sydney. 

105 

Sept  29.3 

B. 

64 

•24 

N.  London 

45 

June   8.1 

w. 

90 

•45 

Quebec. 

106 

Oct     8.3 

B. 

60 

•81 

Bamegat. 

46 

Oct  29.3 

w. 

92 

•67 

Montreal. 

107 

'72.  Oct  31.2 

N.B. 

60 

•91 

N.  London 

47 

Nov.   6.2 

w. 

82 

•67 

Father  Pt 

108 

31.3 

N.E. 

72 

•79 

Portland. 

48 

Dec.  14.3 

w. 

94 

•28 

Sydney. 

109 

Dec  10.2 

N.B. 

62 

•60 

Quebec. 

49 

18.1 

w. 

80 

•18 

Halifax. 

110 

20.1 

N.B. 

56 

•43 

Buffalo. 

50 

'72.  Nov.  12.2 

S.W. 

65 

•72 

Montreal. 

HI 

20.2 

N.B. 

52 

•60 

MontFeaL 

51 

Dec.  21.3  S.W. 

65 

•88 

Oswego. 

112 

28.1 

N.B. 

60 

•49 

Halifax. 

52 

'73.  Jan.  16.2 

S.W. 

74 

•45 

BufEalo. 

113 

28.2 

N.K 

65 

•81 

Halifax. 

53 

16.3 

S.W. 

72 

•36 

Quebec. 

114 

28.3 

N.E. 

72 

-94 

Halifax. 

54 

Sept  26.3 

S.W. 

65 

•81 

Montreal. 

115 

29.1 

N.B. 

64 

56 

Nov.  27.2 

S.W. 

72 

•55 

Father  Pt. 

116 

'73.  Feb.  17.1 

N.B. 

60 

•63 

N.  London 

66 

Dec.    4.1 

S.W. 

65 

28-91 

Marquette 

117 

24.1 

N.B. 

52 

•24 

Quebec. 

67 

•74.  Jan.    4.3 

S.W. 

80 

29-55:FatherPt. 

118 

Apr.  12.2 

N.E. 

70 

•62 

New  York 

58 

7.1 

S.W. 

66 

•63|Ft.  Garry. 

119 

13.1 

N.E. 

68 

•61 

Boston. 

59 

Feb.  23.1 

S.W. 

82 

•5  Si  Rochester. 

120 

Oct     8.2 

N.E. 

50 

•69 

Halifax. 

60 

Mar.    3.3 

S.W. 

96 

•33  Erie. 

121 

8.3 

N.B. 

60 

•91 

N.  London 

61 

4.1 

S.W. 

74 

•34;  Ottawa. 
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In  twelve  of  the  cases  the  stations  which  show  the  lowest  pres- 
sure are  the  same  as  reported  above  for  the  north  winds,  but  in 
six  of  the  cases  the  lowest  pressure  was  farther  to  the  west 
The  average  direction  of  the  low  center  from  Mount  Washing- 
ton was  nearly  at  right  angles  to  the  direction  of  the  winds. 
In  all  of  these  cases  (except  Nos.  28  and  29)  the  pressure  was 
above  thirty  inches  on  the  west  side  of  Mount  Washington 
and  generally  at  a  distance  of  about  five  hundred  miles,  but  in 
a  majority  of  the  cases  the  center  of  l)igh  pressure  was  south- 
west of  Mount  Washington. 

With  a  west  wind  of  eighty  miles  per  houf,  the  low  center 
was  generally  near  some  one  of  the  stations  already  named. 
In  six  of  the  cases  the  low  center  was  near  one  of  the  stations 
named  for  the  north  winds ;  in  twelve  of  the  cases  the  low 
center  was  near  one  of  the  stations  named  for  the  northwest 
winds ;  and  in  one  case  (No.  46)  the  low  center  was  farther 
west  than  was  found  for  the  north  or  northwest  winds.  The 
angle  which  the  wind's  direction  made  with  the  direction  of 
the  station  reporting  the  least  pressure  ranges  from  about  zero 
to  somewhat  over  90°.  On  account  of  the  small  number  of 
stations,  it  is  generally  impossible  to  assign  exactly  the  position 
of  the  center  of  least  pressure,  but  apparently  the  angle  which 
the  wind  8  direction  made  with  the  direction  of  the  low  center 
was  in  some  cases  less  than  45°.  In  all  of  these  cases  (except 
Nos.  45  and  47)  the  pressure  was  above  thirty  inches  on  the 
west  side  of  Mount  Washington  and  generally  at  a  distance  of 
about  eight  hundred  miles ;  but  in  all  cases  the  center  of  high 
pressure  was  somewhat  south  of  west  from  Mount  Washington. 

With  a  southwest  wind  of  sixty-five  miles  per  hour,  the 
direction  of  the  station  reporting  the  lowest  pressure  ranges 
from  N.  26°  E.  to  S.  76°  W.,  the  average  direction  of  the  low 
center  making  an  angle  of  about  90°  with  the  direction  of  the 
wind.  In  the  case  of  No.  68  there  was  a  low  center  in  Vir- 
ginia and  a  low  center  at  the  same  time  in  Manitoba,  and  both 
seemed  to  exert  an  influence  upon  the  direction  of  the  wind  on 
Mount  Washington.  In  six  of  these  cases  the  center  of  hiffh 
pressure  was  southwest  of  Mount  Washington,  but  in  the 
remaining  ten  cases  its  direction  was  almost  exactly  west,  and 
its  distance  about  1,800  miles. 

With  a  south  wind  of  sixty  miles  per  hour  on  Mount 
Washington  the  low  center  is  generally  found  nearly  west  from 
that  station.  The  exceptions  are  Nos.  71,  76,  77  and  78.  In 
the  case  of  seventy -one  we  find  the  pressure  at  Montreal  was 
less  than  at  Burlington,  so  that  it  appears  possible  that  at  the 
height  of  6,000  feet  the  center  of  least  pressure  was  not  over 
Portland  but  northwest  of  Montreal.  In  the  case  of  seventy- 
five  the  pressure  at  Ottawa  was  only  -07  inch  greater  than  at 
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Quebec ;  in  the  case  of  seventy -seven  the  pressure  at  Kings- 
ton was  only  "02  inch  greater  than  at  Portland  ;  and  in  seventy- 
eight  the  pressure  at  Albany  was  only  OS  inch  greater  than  at 
Atlantic  City ;  so  that  it  appears  not  improbable  that  at  the 
height  of  6,000  feet  the  center  of  least  pressure  at  each  of 
these  four  dates  was  west  of  Mount  Washington.  In  each  of 
these  cases  there  was  a  center  of  high  pressure  in  a  direction 
west  or  southwest  from  Mount  Washington  and  at  an  average 
distance  of  1,100  miles.  It  is  presumed  there  was  also  an 
area  of  high  pressure  on  the  east  side  of  Mount  Washington, 
but  it  had  already  passed  beyond  our  stations  of  observation. 

With  a  southeast  wind  of  fifty -four  miles  per  hour  on  Mount 
Washington  the  low  center  falls  between  the  directions  south 
and  northwest  The  only  exception  is  No.  80  and  this  case 
seems  to  indicate  that  at  tne  height  of  6,000  feet  the  low  center 
was  nearly  two  hundred  miles  in  arrears  of  the  low  center  at 
the  surface  of  the  earth.  In  each  of  these  cases  there  was  an 
area  of  hi^h  pressure  west  or  southwest  of  Mount  Washington. 
Generally  its  direction  was  nearly  west  and  its  distance  about 
1,200  miles.  The  center  of  high  pressure  on  the  east  side  had 
generally  passed  beyond  our  stations  of  observation,  but  in  the 
case  of  No.  91,  the  pressure  at  Cape  Bozier  was  30"67  inches, 
and  the  distance  of  tne  center  of  low  pressure  was  more  than 
twice  as  great  as  usual. 

With  an  east  wind  of  sixty  miles  per  hour  the  low  center  is 
generally  found  nearly  south  of  Mount  Washington.  The 
exceptions  are  Nos.  93,  94,  97  and  103.  In  the  case  of  Nos. 
98  and  97,  observations  at  other  stations  place  the  low  center 
considerably  south  of  Oswego  and  Grand  Haven  ;  and  in  the 
ease  of  No.  103,  observations  at  other  stations  place  the  low 
center  west  of  Portland.  The  position  of  the  areas  of  high 
pressure  is  nearly  the  same  as  for  the  southeast  winda 

With  a  northeast  wind  of  fifty  miles  per  hour  the  low  center 
is  generally  found  south  or  southeast  of  Mount  Washington. 
The  exceptions  are  Nos.  109,  110,  111  and  117.  In  the  case 
of  Nos.  109  and  117  no  observations  were  made  near  the 
Atlantic  coast  at  any  station  east  of  Portland,  and  it  is  proba- 
ble that  at  these  dates  the  low  center  was  not  far  from  Halifax. 
In  the  case  of  Noa  110  and  111  the  low  center  came  from  the 
southwest,  and  the  minimum  of  pressure  on  Mount  Washing- 
ton occurred  fifteen  hours  later  than  at  Burlington  or  Portland. 
It  seems  probable  therefore  that  at  the  height  of  6,000  feet  the 
low  center  was  considerably  southwest  of  its  position  at  the 
surface  of  the  earth.  In  the  cane  of  No.  115  the  low  center 
had  already  passed  beyond  Halifax,  which  was  the  most  eastern 
station  of  observation. 

The  examination  of  these  one  hundred  and  twenty-one  cases 


Digitized  by 


Google 


E.  Loomis — Observations  of  the  U.  &  Signal  Service.       19 


seems  to  warrant  the  following  conclusions :  1.  High  winds  on 
Mount  Washington  circulate  about  a  low  center  as  they  do 
near  the  level  of  the  sea.  2.  The  motion  of  the  wind  is 
nearly  at  right  angles  to  the  direction  of  the  low  center.  3. 
The  low  center  at  the  height  of  Mount  Washington  sometimes 
lags  behind  the  low  center  at  the  surface  of  the  earth  appar- 
ently as  much  as  two  hundred  miles. 

High  Winds  on  Pike's  Peak. 

In  order  to  study  the  laws  of  the  winds  on  Pike's  Peak,  I 
selected  from  the  published  volumes  of  the  Signal  Service 
observations  (November,  1873  to  January,  1875)  all  those  cases 
in  which  the  velocity  of  the  wind  was  as  great  as  thirty  miles 
per  hour.  The  number  of  these  cases  was  363,  of  which  136 
were  rej>orted  at  7.35  A.  M.,  97  at  4.35  P.  M.,  and  130  at  11  p.  m. 
Hence  it  appears  that  at  436  P.  M.  hich  winds  are  twenty-five 
per  cent  less  frequent  than  at  the  other  two  hours  of  observa- 
tion. But  near  the  level  of  the  sea  the  average  force  of  the 
wind  at  4  P.  M.  is  double  that  at  the  other  two  hours,  which 
results  accord  with  the  Mt  Washington  observations  in  indicat- 
ing that  these  high  winds  are  mainly  independent  of  the  causes 
which  determine  the  diurnal  change  at  the  level  of  the  sea. 

The  average  number  of  cases  of  violent  winds  for  each 
month  of  the  year  is  as  follows : 


Bpring. 
March  U] 
Apra   17  5.16.7 
May 


U)  Jane  21)  Sept.     17) 

17}.  16.7        July    2}.  11.3         Oct      24}. 
16  )  I    Aug.  11 )  Not.  38.6  ) 


Wlater. 
Dec  28.6) 
Jan.      42  V  3 1.2 
Feb.      23 ) 


Thus  we  see  that  during  the  winter  months  high  winds  are 
nearly  three  times  as  frequent  as  during  the  summer  months. 

The  following  table  shows  the  number  of  cases  in  which  the 
wind  blew  from  the  diflFerent  directions  at  the  time  of  these 
high  velocities. 

North,  28  cases.  South,  18  cases. 

Northwest,     47      "  Southeast,         I  case. 

West,  164      "  Bast,  0      " 

Southwest,    111     "  Northeast,        4  oases. 

Thus  we  see  that  seventy-three  per  cent  of  these  high  winds 
come  from  the  west  and  southwest,  and  only  one  per  cent  comes 
from  any  easterly  point 

In  order  to  determine  whether  these  high  winds  bear  a  con- 
stant relation  to  centers  of  low  pressure  near  the  level  of  the 
sea,  I  have  prepared  a  table  similar  to  that  on  page  16.  For 
the  west  winds  I  have  employed  all  velocities  rimounting  to 
fifty -live  miles  per  hour;  for  the  southwest  winds  I  have 
employed  velocities  of  fifty  miles  per  hour;  for  the  northwest 
winds  velocities  of  forty-two  miles  per  hour;  for  the  north 
winds  thirty-five  miles  per  hour;  for  the  south  winds  thirty- 
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two  miles  per  hour ;  for  the  northeast  winds  twenty-two  miles 
per  hour;  for  the  southeast  winds  ten  miles  per  hour,  and  for 
the  east  winds  I  have  employed  all  velocities  amounting  to 
seven  miles  per  hour.  The  following  table  is  arranged  in  the 
same  manner  as  that  on  page  16.  For  Na  47  the  velocity  of  the 
wind  is  ^ven  seventy-seven  miles  according  to  the  published 
observations;  but  I  am  informed  by  General  Myers  that  this 
velocity  should  be  thirty  Qiiles. 

It  will  be  observed  that  with  a  north  wind  of  thirty -five  miles 
per  hour  on  Pike's  Peak,  there  was  generally  an  area  of  low 
pressure  on  the  east  side  of  that  station.  In  the  case  of  No.  11, 
throughout  the  entire  United  States  the  barometer  was  above 
thirty  inches,  but  a  low  center  was  forming  near  Mobile  which 
on  the  next  day  developed  into  a  storm  of  considerable  inten- 
sity. We  also  find  that  there  was  generally  an  area  of  high 
pressure  in  a  direction  west  or  northwest  from  Pike's  Peak. 

With  a  northwest  wind  of  forty-two  miles  per  hour,  there 
was  generally  an  area  of  low  pressure  on  the  northeast  side  of 
Pike  s  Peak.  No.  28  is  the  same  case  as  No.  11  noticed  above. 
We  also  find  that  there  was  generally  an  area  of  high  pressure 
on  the  Pacific  coast 

With  a  west  wind  of  fifty-five  miles  per  hour,  there  was 

fenerally  an  area  of  low  pressure  in  a  northeast  direction  from 
^ike's  Peak,  and  an  area  of  high  pressure  on  the  Pacific  coast 
No.  40  is  the  same  case  as  Nos.  11  and  23  noticed  above. 
With  a  southwest  wind  of  fifty  miles  per  hour,  there  was 

fenerally  an  area  of  low  pressure  in  a  northerly  direction  from 
^ike's  Peak,  and  an  area  of  high  pressure  on  the  Pacific  coast 
or  on  the  coast  of  Texas. 

With  a  south  wind  of  thirty-two  miles  per  hour,  there  was 
generally  an  area  of  low  pressure  in  a  northerly  direction  from 
Pike's  Teak.  Frec[uently  the  center  of  low  pressure  appeared 
to  be  in  a  direction  east  of  north.  If  there  had  been  more 
westerly  stations  of  observation  it  is  presumed  that  in  some  of 
these  cases  the  center  of  least  pressure  would  have  been  found 
west  of  Bismark  and  Fort  Sully.  In  the  case  of  No.  73  an 
area  of  low  pressure  was  forming  near  Pike's  Peak,  which 
became  fully  developed  the  next  day.  We  also  find  that  the 
pressure  was  generally  somewhat  above  the  mean  in  a  direction 
southeast  from  Pike's  Peak. 

With  a  southeast  wind  of  not  less  than  ten  miles  per  hour, 
there  was  generally  an  area  of  low  pressure  at  no  great  distance, 
but  in  half  of  the  cases  the  lowest  observed  pressure  was  on  the 
northeast  side  of  Pike's  Peak.  All  but  three  of  the  cases  occu  rred 
in  summer,  and  the  average  velocity  of  the  wind  was  only  sixteen 
miles  per  hour.  We  also  find  that  on  the  east  side  of  Pike's 
Peak,  the  pressure  was  in  each  case  a  little  above  thirty  inches. 
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^  Winds  on  Pike's  Peak. 

Ko 

Date. 

WlBd. 

Low. 

No. 

Dftte. 

Wind. 

Low. 

' — 

Dtnc, 

Vel. 

Bmr. 

Btotton. 

Dlreo. 

Vel. 

Bar.  1     Station. 

'73.  Not.  17.3 

N. 

35 

29-27 

St.  Louis. 

62 

'74.  Apr.  12.1 

8. 

32 

29-49  Ft.  SuUy. 

1                 18.2 

N. 

35 

•23 

Augusta. 

63 

May  27.3 

S. 

48 

•24!Ft.  Sully. 

Dec.  26.1 

N. 

40 

•41 

Escanaba. 

64 

Juljri7.3 

8. 

32 

•66 

Ft.  Sully. 

[                 26.3 

N. 

40 

•48 

Detroit. 

65 

Aug.  25.1 

a 

40 

•82 

SaltLk.C. 

'74.  Jtn.    6.1 

N. 

40 

•90 

Montgom. 

66 

Oct  22.3 

a 

32 

•82 

Bismark. 

>        Uaj    2.3 

N. 

40 

•35 

Leavenw. 

67 

23.3 

8. 

40 

•66 

Salt  Lk.  C. 

3.1 

N. 

36 

•43 

Leavenw. 

68 

24.1 

8. 

36 

•66 

Salt  Lk.  C. 

Aug.    3.3 

N. 

36 

•82 

Ft  Sully. 

69 

24.3 

8. 

60 

•24 

BiBmHrk. 

Not.  24.3 

N. 

55 

•75 

N.Orieans. 

70 

26.2 

a 

40 

•89 

Salt  Lk.  C. 

25.1 

N. 

35 

•74 

Jacksonv. 

71 

26.3;a 

50 

•88 

Salt  Lk.  C. 

28.1 

N. 

35 

72 

27.3a 

68 

•64 

Cheyenne. 

Dec.  17.3 

N. 

40 

•85 

Santa  F^. 

73 

Nov.i6.3;a 

3«i 

21.3 

N. 

45 

•62 

St.  Paul. 

74 

Dec.  14.2,8. 

32 

•87 

Bismark. 

23.2 

N. 

45 

•49 

Marquette 

75 

26.2a 

40 

-78 

Salt  Lk.  C. 

'73.  Nov.  n.l'N.W. 

65 

•41 

Duluth. 

76 

27.2a 

32 

•59 

Bismark. 

'74.  Jan.    1.1 

N.W. 

42 

•53 

Ft.  (Jarry. 

77 

'75.  Jan.  15.2  8. 

40 

•70 

Cheyenne. 

8.1 

N.W. 

50 

•42 

Ft.  Ghurry. 

78 

17.2 

8. 

42 

•71 

Cheyenne. 

Apr.  13.1 

N.W. 

44 

•30 

Ft.  Garry. 

79 

'74.  Feb.  21.1 

aE. 

24 

•48 

Santa  F^. 

Sept  16.2:n.W. 

50 

•54 

Ft.  Sully. 

80 

Apr.  17.1 

S.E. 

12 

•59 

Santa  F^. 

Not.  4.2. N.W. 

44 

•20 

Bismark. 

81 

May    6.3S.E. 

30 

•60 

Salt  Lk.  C. 

11 

20.1 

N.W. 

46 

•64 

Breckenr. 

82 

Jane21.3  3.E. 

16 

•68 

Ft.  Sully. 

23 

22.1 

N.W. 

65 

•21 

Breckenr. 

83 

22.2,S.E. 

14 

•44 

Ft.  Sully. 

S3 

28.2 

N.W. 

55 

84 

28.3S.E. 

12 

•71 

Santa  F^. 

34 

28.3 

N.W. 

58 

•85 

Atlantic  0. 

85 

July    2.2'8.E. 

10 

•45 

Ft.  Sully. 

36 

Dec    9.3 

N.W. 

45 

•74 

Father  Pt 

86 

13.2;8.B. 

16 

•60 

Pi.  Sully. 

36 

28.1 

N.W. 

60 

•73 

Alpena. 

87 

17.2  aE. 

10 

•60 

Ft  Sully. 

37 

ns.  Jan.     2.3 

N.W. 

42 

•86 

Cheyenne. 

88 

21.3  S.E. 

12 

•80 

Pembina. 

38 

'74.  Feb.  13.1 

W. 

60 

•33 

Detroit 

89 

Aug.  8.2  aE. 

12 

-72 

Pembina. 

39 

Oct  28.1 

W. 

60 

•34 

Omaha. 

90 

19.3 

8.B. 

24 

•87 

Portl'd^O. 

30 

28.2 

W. 

55 

•28 

St  Paul 

91 

20.2 

8.E. 

12 

•60 

Ft.  Sully. 

31 

Nov.    4.3 

W. 

60 

•31 

Bismark. 

92 

24.3 

aE. 

28 

•78 

Salt  Lk.  C. 

33 

7.3 

W. 

56 

•16 

Duluth. 

93 

'74.  May  30.2 

E. 

20 

•86 

SanFnmc. 

33 

8.1 

W. 

70 

•34 

Duluth. 

94 

June  30.2 

B. 

12 

•81 

San  Franc. 

34 

8.3 

W. 

60 

•68 

Marquette 

95 

July    6.2 

E. 

16 

•91 

San  Diego. 

35 

9.1 

W. 

60 

•61 

Bismark. 

96 

19.2 

B. 

8 

3« 

13.1 

W. 

62 

•77 

Bismark. 

97 

19.3 

E. 

28 

37 

21.1 

W. 

60 

•38 

Bismark. 

98 

20.2 

E. 

8 

38 

23.1 

W. 

75 

28-76 

Alpena. 

99 

Aug.  17.1 

E. 

12 

•91 

San  Diego. 

39 

241 

W. 

65 

•89 

C.  Rozier. 

100 

23.1 

B. 

8 

•89 

San  Diego. 

40 

27.3 

w. 

55 

101 

23.3 

E. 

8 

•87 

San  Diego. 

41 

Dec.  22.2 

w. 

55 

29-39 

Bismark. 

102 

Oct.     1.2 

E. 

11 

•84 

SaltLk.C. 

43 

24.1 

w. 

60 

•60 

Alpena. 

103 

42 

B. 

7 

•88 

San  Franc. 

43 

'75.  Jan.    7.1 

w. 

62 

•70 

Cheyenne. 

104 

4.3 

E. 

12 

•89 

Portl'd,  0. 

44 

9.2 

w. 

60 

•72 

Quebec. 

105 

14.2 

E. 

16 

•97 

San  Franc. 

45 

19.3 

w. 

55 

•68 

Cheyenne. 

106 

'73.  Nov.  18.1 

N.B. 

43 

•81 

Galveston. 

46 

'74  May  28  1 

8.W. 

55 

•59 

Breckenr. 

107 

18.3 

N.B. 

36 

•86 

Montgom. 

47 

Jane  1.3 

aw. 

77 

•75 

Ft  Sully. 

108 

Dec  12.2 

N.B. 

22 

•67 

Cairo. 

48 

10.1 

8.W. 

55 

•68 

Yankton. 

109 

24.3 

N,B. 

24 

49 

27.1 

aw. 

52 

•50 

Yankton. 

110 

'74.  Feb.    6.1 

N.E. 

36 

•93 

NashviUe. 

50 

Septll.l 

8.W. 

55 

•58 

Ft.  SuUy. 

111 

Apr.  18.1 

N.B. 

24 

•84 

Galveston. 

51 

Oct  24.2 

aw. 

52 

•23 

Bismark. 

112 

July    7.1 

N.E. 

24 

•81 

Omaha. 

53 

27.2 

s.w. 

54 

•76  Cheyenne. 

113 

7.3 

N.E. 

22 

•78 

Leavenw. 

53 

Nov.  6.1 

aw. 

64 

•30  Biamark. 

114 

8.2 

N.B. 

22 

•56 

Omaha. 

54 

6.2 

aw. 

60 

•28 

Bismark. 

115 

27.3 

N.B. 

28 

•82 

Ft.Gibson. 

55 

13.2 

8.W. 

60 

•53 

Ft.  Sully. 

116 

Sept  8.2 

N.E. 

23 

•84 

FtGibson. 

56 

Dec  24.2 

aw. 

65 

•68 

Ft.  Sully. 

117 

23.2 

N.B. 

24 

•84 

Galveston. 

57 

24.3 

8.W. 

50 

•50 

Pt.  Sully. 

118 

23.3 

N.B. 

28 

•85 

Shrevep't. 

58 

15.  Jan-    7.2 

aw. 

62 

•59 

Cheyenne. 

119 

24.1 

N.E. 

36 

•85 

Shrevep't. 

59 

10.2 

aw. 

50 

•76 

Ch^enne. 

120 

24.2 

N.B. 

22 

•80 

Shrevep't 

10 

16.1 

aw. 

54 

•50 

Cheyenne. 

121 

24.3 

N.B. 

22 

•87 

Ft.Gibson. 

fl 

16.3 

8.W. 

55 

•86 

Ch^nne. 
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With  an  east  wind  of  not  less  than  seven  miles  per  hour  on 
Pike's  Peak,  the  pressure  on  the  Pacific  coast  was  generally 
somewhat  less  than  thirty  inches,  while  on  the  east  side  of  that 
station  the  pressure  was  a  little  greater  than  thirty  inches,  but 
at  Santa  F6  the  pressure  at  these  dates  was  not  sensibly  below 
the  mean.  The  average  velocity  of  the  wind  was  only  twelve 
miles  per  hour.  The  majority  of  these  cases  occuri-ed  in  sum- 
mer, and  none  occurred  during  the  colder  half  of  the  year. 

With  a  northeast  wind  of  twenty-two  miles  per  hour,  a 
pressure  less  than  thirty  inches  was  generally  found  on  the  east 
side  of  Pike's  Peak,  its  average  direction  being  about  south- 
east Also  a  pressure  greater  tnan  thirty  inches  was  generally 
found  on  the  north  or  northwest  side  of  Pike's  Peak,  but  in 
half  of  the  cases  the  diflTerence  between  these  two  pressures  did 
not  exceed  a  quarter  of  an  inch. 

Comparing  the  preceding  results  with  those  before  found  for 
Mt  Washington,  we  see  that  with  a  high  wind  from  the  north, 
northwest,  west,  or  southwest,  the  position  of  the  areas  of  low 
pressure  is  similar  at  both  stations,  but  the  centers  of  least 
pressure  are  frequently  more  remote  from  Pike's  Peak,  and  are 
more  widely  scattered  This  difference  may  be  partly  explained 
by  the  smdl  number  of  stations  east  and  north  of  Mt  Wash- 
ington. With  a  high  south  or  southeast  wind  on  Pike's  Peak 
the  position  of  the  low  center  is  sometimes  apparently  east  of 
north.  Similar  anomalies  are  sometimes  noticed  On  Mt  Wash- 
ington, but  they  admit  of  a  plausible  explanation.  We  also 
notice  that  with  a  low  center  at  a  given  locality,  the  high  winds 
on  Pike's  Peak  may  have  a  great  variety  of  directions.  Thus 
when  there  is  a  low  center  at  Fort  Sully,  we  find  high  winds 
on  Pike's  Peak  from  north,  northwest,  southwest,  south, 
and  southeast  When  there  is  a  low  at  Bismark  or  Cheyenne 
we  find  high  winds  on  Pike's  Peak  from  northwest,  west, 
southwest  and  south.  This  result  may  be  in  part  ascribed  to 
the  small  number  of  stations  near  the  Bocky  Mountains,  which 
renders  it  difficult  to  assign  the  precise  position  of  the  center  of 
least  pressure.  It  also  appears  that  the  direction  of  the  wind 
on  Pike's  Peak  depends  partly  upon  the  position  of  the  areas 
of  high  pressure,  but  this  direction  seems  to  be  influenced  by 
circumstances  which  cannot  be  clearly  assigned  from  the  want 
of  observations  at  a  sufficient  number  of  stations. 

With  an  east  or  northeast  wind  on  Pike's  Peak,  there  is 
generally  no  low  center  of  much  magnitude  indicated  at  any  of 
the  stations,  and  the  average  difference  between  the  high  on 
one  side  and  the  low  on  the  other  is  only  one-third  of  an  inch. 
Hence  we  conclude  that  while  high  winds  on  Pike's  Peak 
from  the  directions  north,  northwest,  west  and  southwest  indi- 
cate a  circulation  about  a  low  center  according  to  the  same  law 
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as  is  observed  near  the  level  of  the  sea,  the  winds  from  the 
south,  sonttieast,  east  and  northeast  give  only  obscare  indica- 
tions of  being  governed  by  this  law. 

The  winds  observed  on  Pike's  Peak  from  the  east  and  south- 
east are  very  few  in  number,  particularly  during  the  colder 
portion  of  the  year.  The  following  table  shows  the  total  num- 
oer  of  easterly  winds  for  each  month  during  a  period  of  three 
years  from  observations  made  three  times  a  day. 

VM, 

36 
19 
10 
19 

Thus  we  see  that  during  the  six  months  from  November  to 
April,  an  east  wind  was  observed  only  twice  in  a  period  of 
three  years.  In  one  of  these  cases  the  velocity  of  the  wind  was 
six  miles  per  hour,  and  in  the  other  case  three  miles.  The 
winds  from  east  and  southeast  constitute  less  than  three  per  cent 
of  all  the  winds,  whereas  in  the  same  latitude  near  the  level 
of  the  sea  the  winds  from  these  directions  constitute  twenty 
per  cent  of  the  whole  number.  We  also  notice  that  on  Pike's 
I'eak  easterly  winds  are  four  times  as  frequent  in  summer  as 
in  winter,  which  seems  to  indicate  that  these  winds  are  depen- 
dent upon  difference  of  temperature  more  than  upon  difference 
of  pressure.  On  the  elevated  plateau  west  of  Pike's  Peak  are 
extensive  regions  where  the  temperature  is  as  high  as  it  is  on 
the  east  side  at  a  much  lower  level ;  whence  it  may  result  that 
at  the  height  of  Pike's  Peak  the  temperature  of  the  air  on  the 
west  side  is  sometimes  sensibly  greater  than  it  is  on  the  east 
sida 

The  only  station  of  the  Signal  Service  whose  direction  is 
nearly  south  from  Pike's  Peak  is  Santa  Fd  I  have  examined 
these  observations  to  see  what  was  the  direction  of  the  wind  on 
Pike's  Peak  at  the  time  of  low  barometer  at  Santa  F6.  The 
following  table  shows  all  the  cases  in  which  there  was  a  consid- 
erable depression  at  Santa  F^  during  the  period  of  the  pub- 
lished observations  at  Pike's  Peak.  Column  second  shows  the 
date  of  the  minimum ;  column  third  shows  the  lowest  observa- 
tion of  the  barometer ;  column  fourth  shows  the  direction  and 
force  of  the  wind  at  Santa  ¥6 ;  column  fifth  shows  the  direction 
and  force  of  the  wind  on  Pike's  Peak  at  the  date  named  in 
column  second ;  column  sixth  shows  the  wind  on  Pike's  Peak 
at  the  time  of  the  last  preceding  observation ;  and  column 
seventh  shows  the  position  of  the  center  of  the  nearest  low  area 
as  shown  by  the  observations. 
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Low  barofneter  at  SatUa  FL 


Wn 

TtmkA 

SanteFe. 

wind  on  Plke*B  Peak. 

Low. 

no. 

l/BHi. 

Btf. 

wind. 

At  date. 

Prer.ob. 

1 

»73.  Nov.  22.2 

29-61 

Calm, 

N.E. 

20 

Calm. 

Ft.  Oibflon. 

2 

Dec.    2.2 

•31 

S.W.   26 

S.W. 

16 

S.W.   20 

Leayenworth. 

3 

7.2 

•61 

S.B.      8 

S.W. 

32 

8.W.   18 

Corinne. 

i 

»74.  Jan.    2.2 

•69 

S.W.     6 

S.W. 

20 

W.      40 

Ft.  SuUy. 

6 

21.2 

•38 

S.W.   12 

w. 

10 

W.       16 

Cheyenne. 

6 

Feb.  12.2 

•18 

W.      24 

w. 

26 

W.       16 

Dubuque. 

7 

18.3 

•39 

S.          8 

w. 

8|S.W.   20 

Ft  Sully. 

8 

^1.2 

•28 

S.B.     12 

S.W. 

20S.B.     24 

Santa  F^. 

9 

24.1 

•43 

B.        12 

S.W. 

18  S.W.   16 

Santa  F^. 

10 

Mar.   6.2 

•26 

S.W.   22 

S.W. 

12  aw.    12 

Cheyenne. 

11 

16.2 

•18 

S.W.   20 

S.W. 

16  W.       24 

Ft.  Sully. 

12 

30.1 

•46 

S.        16 

s. 

14 

S.W.   20 

Salt  Lake  City 

13 

April  6.2 

•42 

8.W.  30 

s. 

6 

W.       16 

Salt  Lake  City 

14 

12.2 

•42 

N.W.  20 

N. 

26 

S.        32 

Ft.  Sully. 

16 

May    1.3 

•41 

W.       20 

w. 

24 

S.W.   20 

Leavenworth. 

16 

9.1 

•44IS.W.    12 

S.W. 

20 

S.W.   36 

Ft.  SuUy. 

17 

Oct.  24.2 

•69  S.W.     8 

S.W. 

62 

S.        36 

Bismark. 

18 

Not.  3.2 

•67 

S.W.     8 

S.W. 

30 

8.W.  40 

Bismark. 

19 

21.3 

•33 

S.B.     12 

S.W. 

28 

S.W.   32 

Bismark. 

20 

26.2 

•48 

S.W.     4 

w. 

22 

W.      20 

Duluth. 

21 

Dea  16.2 

•66 

S.W.   12 

N.W. 

26 

W.       12 

Ft.  Sully. 

22 

21.1 

•60 

S.          8 

N.E. 

4 

N.W.  10 

Santa  F^. 

23 

27.1 

•41 

S.B.      4 

s. 

16 

S.W.   20 

Colorado  Spr. 

24 

'76.  Jan.    6.2 

•42 

Calm. 

S.W. 

16 

8.W.   22 

Cheyenne. 

26 

12.1 

•36  S.          4'8.W. 

I 

S.W,   10 

Salt  Lake  City 

26 

28.1 

•41  N.B.     4|Calm. 

W.       16 

Corsioana. 

We  see  that  the  center  of  low  pressure  generally  passes  north 
of  Pike's  Peak,  and  there  are  only  six  cases  in  which  the  low 
was  south  of  Pike's  Peak,  viz:  Nos.  1,  8,  9,  22,  28  and  26. 
In  the  case  of  Nos.  1  and  22  the  wind  on  Pike's  Peak  was 
northeast ;  in  No.  23  it  was  from  the  south ;  in  No.  26  it  was 
caln) ;  in  No.  8  it  was  southeast  at  the  time  of  the  last  preced- 
ing observation  ;  in  No.  9  it  was  southwest  and  had  been  blow- 
ing from  some  western  quarter  for  a  period  of  forty -eight  hours. 
The  first  five  cases  accord  tolerably  well  with  the  results  found 
for  the  winds  on  Mt  Washington,  but  No.  9  seems  to  indicate 
that  the  system  of  circulating  winds  which  prevailed  at  that 
date  at  lower  stations  did  not  extend  as  high  as  Pike's  Peak. 
We  see  that  one  reason  why  easterly  winds  are  so  rare  on  Pike's 
Peak,  particularly  during  the  winter  months,  is  that  the  low 
centers  generally  pass  north  of  that  mountain. 

The  preceding  investigation  seems  to  warrant  the  following 
conclusions,  which  are  an  extension  of  those  stated  on  page  19. 

1.  At  the  height  of  6,000  feet  the  winds  circulate  about  cen- 
ters of  low  pressure  as  they  do  near  the  level  of  the  sea,  but 
frequently  the  position  of  the  center  of  low  pressure  is  sensibly 
different  at  the  height  of  Mt  Washington  from  what  it  is  at 
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lower  stations,  and  we  sometimes  find  low  areas  resulting  from 
a  circulation  of  the  surface  winds  which  does  not  extend  to  the 
height  of  6,000  feet 

2.  At  the  height  of  14,000  feet  the  fluctuations  of  the  barom- 
eter are  quite  large,  but  the  centers  of  low  pressure  at  this  ele- 
vation differ  in  position  from  those  at  lower  stations,  so  that 
frequently  there  appears  to  be  but  little  correspondence  between 
the  movements  of  the  wind  on  Pike's  Peak  and  the  fluctuations 
of  pressure  at  the  lower  stations,  and  we  frequently  find  areas  of 
low  pressure  resulting  from  a  circulation  of  the  surface  winds 
which  does  not  extend  to  the  height  of  14,000  feet 

In  preparing  the  materials  for  this  article  I  have  been  assisted 
by  Mr.  Henry  A.  Hazen,  a  graduate  of  Dartmouth  College  of 
the  class  of  1871. 


Art.  II. — Notes  on  the  Afesozoic  Strata  of  Virginia ;  by 
Wm.  M.  Fontainb. 

In  this  paper  I  present  a  summary  of  the  results  attained  by 
a  series  of  examinations,  made  in  the  Mesozoic  strata  of  Vir- 
ginia. These  examinations  have  occupied  the  larger  portion  of 
my  summer  vacations  for  several  years.  Some  of  my  conclu- 
sions were  reached  sometime  ago,  but  as  the  field  presents 
many  difficulties  in  its  study,  and  as  I  arrived  at  some  unex- 
pected r^ults,  I  was  not  willing  to  present  them  until  1  had 
made  repeated  observations,  and  at  remote  points.  As  I  have 
been  very  slow  myself  to  reach  some  of  these  conclusions,  I 
must  expect  that  others  will  require  convincing  evidence  before 
accepting  them.  Such  evidence  perhaps  cannot  be  presented 
in  tne  limits  of  an  article.  To  aeal  fully  with  my  material, 
whether  stratigraphical,  lithological,  or  derived  from  the  fossil 
plants,  will  require  an  extended  memoir.  I  hope  soon  to 
present  this. 

The  great  denudation  which  the  Mesozoic  beds  and  the 
enclosing  crystalline  or  Azoic  rocks  have  undergone,  the 
proneness  of  the  former  to  fall  into  a  loose  incoherent  mass, 
the  covering  of  drift  matter  and  clay  which  often  conceals  the 
outcrops,  all  unite  to  render  the  task  of  studying  the  Mesozoic 
of  Virginia  a  very  laborious  and  difficult  one. 

It  is  due  to  Professor  Wm.  B.  Rogers  to  state  that  his  care- 
ful and  accurate  observations,  made  in  the  early  surveys  of 
Virginia,  have  rendered  my  work  very  much  easier  than  it 
would  otherwise  have  been ;  much  that  I  have  observed  is 
merely  a  confirmation  of  what  he  had  already  noted.  He  has 
given  correctly  the  location,  boundaries  and  general  character 
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of  the  several  Mesozoic  areas,  but  as  the  relations  of  some  of 
these  do  not  seem  to  be  understood,  it  will  be  necessary  for  me 
to  give  here  some  of  these  features  with  explanations.  It  will 
be  understood,  as  was  shown  by  Professor  Kogers,  that  in  Vir- 
ginia the  Cretaceous,  if  it  exists,  does  not  appear  to  view,  hence 
the  term  Mesozoic  includes  only  strata  older  than  Cretaceous. 
In  Virginia  the  Jurassic  forms  the  youngest  Mesozoic,  and  is 
overlaid  by  the  Tertiary. 

The  several  Mesozoic  neJis. — The  largest  and  most  important 
Mesozoic  belt  is  that  which  entei*s  the  State  from  Maryland, 
west  of  Washinfftob,  being  the  continuation  of  the  tract  so 
largely  developed  in  New  tiersey.  For  the  sake  of  distinction 
it  may  be  called  the  New  Jersey  Belt  It  has  all  the  features 
seen  in  its  exposures  farther  north,  and  I  have  no  reason  to 
doubt  its  being  of  Triassic  age.  So  far  as  can  be  ascertained 
from  the  scanty  attainable  evidence,  it  is  in  part,  the  oldest  of 
the  Virginia  Mesozoic.  It  extends  unbroken  to  the  Rapidan 
River  in  Orange  County,  and  has  to  the  south,  a  few  miles  dis- 
tant, a  small  outlier  now  separated  from  it  owing  to  erosion. 

A  second  narrow  belt,  a  mere  remnant  which  has  escaped  ero- 
sion, is  found  on  James  River,  in  the  northern  part  of  Buckingham 
County.  This  is  now  widely  separated  from  the  preceding 
belt^  but  possibly,  though  not  probably,  it  once  formed  a  part 
of  it  This  may  be  called  the  Buckingham  Belt,  A  third 
narrow  belt  extends  from  the  North  Carolina  border,  near  the 
Dari  River,  in  a  northeast  direction  through  Pittsylvania  into 
Campbell  County.  It  has  a  width  of  four  to  eight  miles,  and 
a  length  of  about  thirty  miles.  Though  now  separated  by  a 
narrow  interval  from  the  Dan  River  Coal  Field  in  North 
Carolina,  it  no  doubt  was  once  connected  with  it.  This  may 
be  called  the  Pittsylvania  Belt 

A  fourth  narrow  belt  extends  northeast  from  Prince  Edward 
into  Cumberland  County.  It  contains  in  its  southern  extremity 
a  coal  bed  which  is  worked  locally,  and  is  the  only  belt  except 
the  Richmond  Coal  Field  which  contains  any  coal.  This  may 
be  called  the  Prince  Edward  Belt  All  of  these  four  belts  have 
many  features  in  common.  They  have  all  suffered  greatly 
from  erosion.  They  have  a  northwest  dip  of  varying  steep- 
ness which  extends  unreversed  across  eacn  belt.  It  is  quite 
possible  that  the  last  two  were  once  connected,  but  if  so,  it 
would  seem  to  have  been  by  narrow  arms  or  inlets.  Except 
in  very  rare  cases  these  belts,  and  the  enclasins  Azoic  rocks, 
have  all  been  planed  down  to  a  uniform  level.  These  four 
belts  may  be  grouped  as  interior  belts. 

Passing  to  the  east  we  find  a  fifth  belt,  nearly  enclosed  by 
Azoic  rocks,  but  at  its  northern  end  touching  later  forma- 
tions.    This,  which  we  may  call  the  Richmond  Belt^  begins  a 
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short  distance  south  of  the  Appomatox  Biver  in  Amelia 
County,  and  extends  in  a  direction  a  little  east  of  north  to  the 
vicinity  of  Chesterfield  Station,  in  Caroline  County,  on  the 
Biehmond,  Fredericksburg  and  Potomac  Bailroad,  where  it  is 
overlapped  by  later  formations.  On  the  Chickahominy  Biver, 
northwest  of  Biehmond,  this  belt  is  broken  by  an  interval  of 
Azoic  rocks  three  miles  wide,  which  separates  the  northern  from 
the  southern  portions.  The  southern  portion  alone  yields  coal, 
and  as  it  differs  somewhat  from  the  northern  portion,  we  may 
give  it  the  distinctive  name  of  the  Biehmond  Coal  Field,  while 
the  northern  portion  lying  mainlv  in  Hanover  County,  may  be 
called  the  Hanover  area.  No  doubt  the  two  were  once  con- 
nected by  at  least  their  latest  formed  beds.  Both  sections  of 
the  belt  have  suflFered  much  from  erosion,  and  we  find  here 
again  the  striking  feature  of  the  planing  down  of  the  yielding 
beds  of  the  Mesozoic,  to  the  same  level  with  the  most  resistant 
Azoic  strata.  The  coal  field  is  separated  from  the  Tertiary  on 
the  east  by  a  belt  of  granite  and  gneissoid  granite  about  twelve 
miles  wide.  This  belt  seems  always  to  have  formed  the  eastern 
border,  cutting  oflF  the  southern  end  of  the  coal  field  from  com- 
munication with  the  open  sea.  It  is  by  the  sinking  down  of 
this  granitic  border  to  the  north,  that  the  Tertiary  beds  are 
enabled  in  that  quarter  to  overlap  the  Mesozoic  of  the  Hanover 
area.  The  northern  end  of  the  coal  field  proper  sends  finger- 
like projections  into  the  Azoic,  which  are  the  deepest  portions 
of  troughs  which  have  escaped  erosion.  Some  of  these  are 
entirely  isolated  from  the  main  field.  They  sometimes  furnish 
very  instructive  sections,  throwing  light  upon  the  geological 
history  of  the  coal  field. 

Still  farther  east,  and  differing  in  position  from  all  the  pre- 
ceding belts,  we  find  two  others  geographically  distinct,  out 
geologically  the  same.  These  lie  east  of,  and  outside  of  the 
Azoic  rocks,  and  are  really  a  shore  formatiim,  which  must  have 
extended  to  the  open  sea,  though  the  indications  are  that  the 
communication  was  very  imperfect.  Owing  to  their  apparent 
distinctness  we  must  consider  them  separatelv. 

The  sixth  belt,  or  the  first  of  these  border  belts,  begins  at 
Petersburg  and  extends  along  the  eastern  edge  of  the  Azoic 
rocks,  in  a  direction  almost  due  north,  past  Biehmond  to  near 
the  termination  of  the  Hanover  area,  which  it  overlaps  on  its 
eastern  side.  In  this  quarter,  the  uppermost  beds  of  the 
Hanover  area  appear  to  pass  into  the  lowest  of  the  belt  in  ques- 
tion, and  both  are  overlaid  by  the  Tertiary.  It  is  quite  possible 
that  this  belt,  if  it  could  be  traced  farther  east,  under  the  Ter- 
tiary, would  be  found  to  extend  unbroken  farther  south.  At 
any  rate,  Professor  Kogers  states  that  a  small  patch  of  strata  of 
the  same  character  is  exposed  in  the  bed  of  the  Nottaway  Biver 
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in  Sussex  County,  twenty  miles  south  of  Petersburg.  In  this 
direction  the  Tertiary  strata  overlap  the  Azoic,  and  bury  the 
subjacent  formations  too  deeply  for  the  erosion  of  the  streams 
to  expose  them,  except  in  tne.  locality  mentioned.  Professor 
Rogers,  in  his  earlier  reports,  stated  that  an  area  of  Mesozoic 
exists  near  Hick's  Ford,  but  in  his  later  reports,  he  states  that 
the  above-mentioned  locality  is  the  farthest  point  to  the  south 
at  which  the  Mesozoic  is  found.  I  have  not  visited  this  placa 
South  of  the  Nottaway,  no  traces  of  the  Mesozoic  have  been  seen. 
This  belt  may  be  called  the  Petersburg  BelL  A  seventh  belt 
similar  to  the  last  is  found  nearly  in  the  prolongation  of  it  in  a 
direction  due  north.  This  begins  a  little  south  of  Fredericks- 
burg and  continues  along  the  eastern  border  of  the  Azoic,  in  a 
northerly  direction.  Its  western  margin  passes  several  miles 
west  of  Alexandria.  As  it  passes  out  of  the  State  it  bends  to 
the  northeast,  so  as  still  to  hug  the  eastern  margin  of  the  Azoic. 
So  far  as  I  have  traced  it,  it  extends  at  least  as  far  north  as 
Baltimore.  This  may  be  called  the  Fredericksburg  Belt.  Both 
the  last  mentioned  belts  always  are  found  on  the  east  of  the 
Azoic,  and  are  never  seen  invading  it  In  Virginia  they  dip 
eastward  under  the  Eocene,  and  in  Maryland  under  the  Creta- 
ceous. The  dip  is  usually  to  some  point  in  the  southeast,  and 
is  very  gentla  It  is  quite  probable  that  these  two  belts  are 
connected  farther  east,  under  the  Tertiary,  but  along  the  margin 
of  the  Azoic  they  are  separated  by  a  considerable  interval  of 
the  Tertiary,  where  this  latter  overlaps  the  Azoic.  Geologically 
they  form  one  area,  which  is  very  distinct  from  the  Richmond 
belt.  It  is  the  relation  of  this  border  formation  with  the  Rich- 
mond belt  which  is  usually  misunderstood.  As  we  shall  see, 
when  we  consider  the  character  of  the  strata  contained  in  them 
they  differ  greatly,  and  simply  touch  in  Hanover  County, 
where  the  diflferent  directions  of  the  several  areas  cause  them 
to  meet  at  an  acute  angle.  The  statement  made  in  the  revised 
edition  of  Dana's  Manual  gives  the  usually  accepted  opinion. 
This  statement  is  that  the  Richmond  area  begins  on  the  Po- 
tomac, and  extends  south  to  the  Appomatox  River.  1  shall 
speak  of  these  two  belts  as  the  border  belts,  and  they  are  dis- 
tinguished as  the  Petersburg  and  Fredericksburg  belts  as  above 
stated.  My  studies  of  the  Mesozoic  in  Virginia  have  been  con- 
fined almost  entirely  to  the  border  belts,  and  to  portions  of  the 
Richmond  belt,  as  these  offered  the  most  promismg  field. 

The  existence  of  all  these  belts,  except  the  border  ones,  is 
due,  I  think,  to  the  gradual  depression  of  certain  elongated 
tracts  in  the  Azoic  which  have  approximately  the  direction  of 
the  strike  of  the  Azoic  strata.  Tne  location  of  these  depressed 
areas  is  fixed  by  the  previous  establishment  of  lines  oi  weak- 
ness, by  the  processes  producing  the  metamorphism  of  the 
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Azoic.  The  force  producing  the  sinking  along  these  lines 
^as  plainly  a  lateral  thrust,  which  at  least  in  the  case  of  the 
Richmond  belt,  acted  from  east  to  west.  The  sinking  seems 
to  have  commenced  at  or  near  the  close  of  the  Permian  period, 
and  to  have  continued  till  toward  the  close  of  the  Jurassic. 
The  depression  was  accompanied  by,  in  many  cases,  extremely 
rapid  sedimentation,  and  toward  its  end,  produced  a  rupturing 
of  the  crust  and  an  outpour  of  fused  rock. 

Wherever  I  have  had  an  opportunity  to  examine  carefully 
the  Azoic  rocks  bordering  the  Mesozoic  belts,  I  find  them  pen- 
etrated by  dykes  of  true  igneous  matter,  such  as  felsite,  granite, 
diabase,  eta,  which  are  much  older  than  the  Mesozoic  beds. 
These  dykes  run  parallel  with  the  Mesozoic  belts,  and  are  con- 
fined to  their  vicinity.  Their  presence  indicates  that  in  the 
general  metamorphism  of  the  country,  fracturing  of  the  crust 
took  place,  and  the  metamorphic  action  was  excessive  along 
certain  lines.  There  is  no  doubt  in  mv  mind  that  this  previous 
weakening  of  the  crust  in  definite  belts,  has  much  to  do  with 
the  subsequent  emission  of  the  Mesozoic  trap  rocks  in  such  well 
defined  areas  as  we  find  to  exist.  I  find  also  here  a  good 
example  of  the  application  of  Von  Richthoven^s  conclusions 
concerning  the  oraer  of  precedence,  and  the  association  of  igne- 
ous rocks. 

Topography. — The  topography  of  the  Azoic,  and  the  included 
M^ozoic  areas,  is  very  significant,  and  may  be  studied  to  great 
advantage  in  Virginia.  What  I  shall  say  under  this  head  is 
more  particularly  applicable  to  the  district  which  is  limited  on 
the  north  by  the  Potomac,  on  the  south  by  the  Appomatox, 
on  the  east  by  the  Tertiary,  abd  on  the  west  by  the  Catoctin 
range  of  mountains.  I  apply  this,  the  Maryland  name,  to  that 
more  or  less  connected  range  which  penetrates  far  into  Virginia, 
under  many  different  local  appellations.  It  runs  about  fifteen 
miles  east  of,  and  nearly  parallel  to,  the  Blue  Bidge. 

The  first  thing  that  strikes  the  observer  in  this  district  is  the 
very  gently  undulating  character  of  the  surface,  which  is  so 
marked  as  to  arrest  the  attention  of  the  non-scientific,  and  to 
induce  speculation  as  to  the  causes  producing  it.  The  country 
from  the  Catoctin  eastward  to  the  Tertiary,  is  a  gently  undulat- 
ing plain,  descending  from  about  500  feet  in  elevation  to  the 
level  of  tida  UnliKe  the  country  near  the  Blue  Ridge,  and 
farther  west,  the  topography  is  aJmost  uninfluenced  by  the 
structure  and  composition  of  the  underlying  rocks.  In  the  area 
in  Question  we  have  strata  showing  all  gradations  of  hardness, 
with  all  degrees  of  proneness  to  decomposition,  and  dipping  at 
various  angles,  often  steeply,  yet  all  are  planed  down  to  a  uni- 
form level.  The  streams,  except  the  smallest  creeks,  cross  the 
strike  of  the  strata  nearly  at  right  angles,  and  are  hardly  at  all 
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guided  or  controlled  in  their  courses  by  variations  in  the  rocks 
across  which  they  flow.  They  seem  to  be  steadily  deepening 
their  channels,  which  work  they  have  continued  to  perform,  as 
it  would  seem,  without  noteworthy  pause  since  their  courses 
were  first  marked  out 

The  absence  of  any  considerable  inequality  on  the  surface  is 
well  shown  along  the  line  of  the  Chesapeake  and  Ohio  railroad, 
which  runs  between  Bichmond  and  Gondonsville,  for  fifty  miles, 
directly  across  the  strike  of  the  various  strata.  In  the  area  now 
in  question  the  grades  of  the  road  are  gentle,  yet  it  turns  aside 
for  no  hill,  and  has  only  one  or  two  cuts  which  reach  the  depth 
of  fifteen  feet  Between  the  rivers,  the  country  roads  running 
east  and  west,  pass  over  an  almost  uniformly  level  surface,  of 
greater  or  less  width,  according  to  the  distance  apart  of  the 
principal  streams.  They  are  often  almost  devoid  of  water,  as 
the  smaller  creeks  rise  in  these  levels,  and  flow  north  and  south 
into  the  principal  streams.  There  are  many  evidences  showing 
that  the  level  areas  between  the  main  streams  are  remnants  of 
the  original  plane  to  which  the  country  was  cut  down,  and  that 
the  topography  is  entirely  due  to  the  action  of  the  present  sys- 
tem ot  streams  in  cutting  down  from  this  initial  plana  Thus 
we  find  in  the  hill  tops,  and  over  the  broader  levels,  certain 
clays  and  cobbles  which  occupy  the  same  horizon  alwavs,  and 
serve  to  fix  the  plane  of  this  old  surface.  While  peculiarities 
of  erosion  are  snown  in  the  character  of  some  of  tne  strata  of 
the  older  Mesozoic  belts,  yet  the  principal  denudation,  and  the 
most  abnormal  action,  appear  in  tne  formation,  and  at  the  close 
of  the  deposit  of  the  latest  formed  beda 

The  condition  of  the  surface  of  the  Azoic  rocks  is  also  in- 
structive. Those  which  admit  of  the  formation  and  retention 
of  smoothed  and  rounded  forms,  usually  present  such  appear- 
ances. This  is  notably  true  of  the  granites  and  gneisses  m  the 
vicinity  of  Richmond. 

The  depth  to  which  decay  has  penetrated  here  is  far  less  than 
in  the  southern  and  southwestern  parts  of  the  State.  In  the  lat- 
ter we  find  strata  not  specially  prone  to  decay,  often  decomposed, 
and  changed  to  a  loose  earth,  for  fifty  and  even  one  hundred 
feet  This  loose  matter  is  suggestive  of  the  way  in  which  some 
of  the  later  formed  Mesozoic  beds  may  have  obtained  their 
material,  and  its  peculiar  arrangement  This  will  be  noticed 
later. 

In  the  area  of  the  Azoic  with  which  we  are  now  concerned 
however,  the  case  is  diflTerent.  We  rarely  find  the  rocks  decayed 
to  as  much  as  twenty  feet  in  depth.  Very  often  the  surface 
clays  rest  on  sound  rock,  or  on  that  which  is  decomposed  but 
a  few  feet  below  the  surfaca  Again  this  decay  has  in  nearly  all 
cases  taken  place  since  the  erosion  above  mentioned.     We  often 
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find,  resting  on  sach  decayed  sarfaces,  large  stones  and  gravel 
deposited  at  this  period  of  general  erosion,  which  shows  that 
the  decay  could  not  have  existed  when  these  stones  were 
deposited.  All  the  facts  point  to  the  conclusion  that  in 
this  northern  Azoic  belt,  the  agent  which  produced  such 
extensive  general  denudation  found,  it  is  true,  the  Azoic  deeply 
decomposed,  and  having  its  surface  in  the  condition  now  found 
in  the  southern  and  southwestern  part  of  the  State,  but  it  swept 
off  all  this  loose  granitic  matter,  and  even  reached  the  sound 
rock  in  many  places.  We  may  now  turn  to  the  consideration 
of  some  of  the  special  features  shown  in  the  different  belts. 

The  New  Jersey  Belt — Of  this  I  shall  have  little  to  say,  except 
to  call  attention  to  certain  remarkable  deposits  of  stones  on  its 
western  margin.  The  deposits  of  similar  matter  in  the  north- 
em  exposures  of  this  belt  are  called  conglomerates,  and  some- 
times breccias.  For  the  beds  in  Virginia  these  terms  are  inad- 
equate. They  are  rather  beds  of  bowlders.  The  northwest  dip 
oi  the  Mesozoic  beds  with  which  they  are  associated,  and  their 
position  on  the  western  side  of  the  belt,  show  that  if  these  de- 
posits are  contemporaneous  with  the  other  Mesozoic  strata,  they 
are  the  last  formed.  But  in  some  cases  at  least  it  is  not  clear 
that  the  period  of  their  deposition  followed  immediately  that  of 
the  typical  Mesozoic  beda  These  stones  are  found  in  uncon- 
nected deposite  on  the  western  edg;e  of  all  the  interior  belts. 
In  all  these  locations  we  find  essentially  the  same  features,  the 
close  agreement  of  which  indicates  that  they  are  of  the  same 
or  neany  the  same  aga  In  character  these  beds  of  stone  differ 
much  from  the  normal  Mesozoic  strata  with  which  they  are 
associated.  These  latter  consist  of  sandstones  and  shales,  well 
sorted  and  bedded  by  water  action,  and  with  their  mineral  con- 
stituents too  much  decomposed  to  betray,  except  in  rare  cases, 
the  parent  rocks.  The  case  is  different  with  the  stones  in  ques- 
tion. The^  are  of  such  large  size,  and  the  material  is  so  fresh, 
that  there  is  no  difficulty  in  determining  the  precise  character 
of  the  rock  from  which  they  were  derived.  Indeed  the  material 
is  often  as  sound  as  if  it  had  been  taken  from  a  quarry  freshlv 
opened.  The  material  in  nearly  every  case  comes  from  rock 
found  in  place  at  a  greater  or  less  distance  to  the  west  This 
distance  is  often  many  miles.  The  stones  are  usually  imper- 
fectly rounded,  or  subangular.  They  are  packed  in  a  fine,  more 
or  less  argillaceous  matrix,  derived  either  from  the  erosion  of 
the  normal  Mesozoic  beds  with  which  they  are  associated,  or 
from  comminutioi?  of  their  own  substanca  These  deposits  are 
often  sharply  distinct  from  the  associated  normal  Mesozoic  beds, 
and  appear  as  if  deposited  in  depressions  in  them  excavated  by 
erosion.  But  again  they  appear  sometimes  alternating  with 
shales,  and  thus  to  form  strata  contemporaneous  with  the  nor- 
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mal  ones.  The  most  common  matrix  enclosing  the  stones  is 
red  shale. 

The  most  important,  and  by  far  the  longest  uninterrupted  bed 
of  stones,  is  that  known  under  the  name  of  the  "  Potomac  Mar- 
ble/' or  the  "Limestone  Breccia."  This  enters  the  State  near 
Point  of  Eocks,  Maryland,  At  Point  of  Rocks  it  is  well  ex- 
posed by  the  cuttings  for  the  Metropolitan  Branch  of  the  Balti- 
more and  Ohio  Railroad.  I  examined  the  deposit  at  this  place 
carefully  to  determine  the  character  and  origin  of  the  stones. 
The  stones  here  are  all  limestone.  After  long  and  careful  search 
I  found  only  one  fragment  not  limestone.  This  was  a  slab  about 
eighteen  inches  wide  and  four  inches  thick,  of  apparently  Pots- 
dam sandstone.  In  this  vicinity  the  Azoic  rocks  are  mica 
slates.  Azoic  limestone  occurs  some  distance  to  the  northeast, 
and  may  have  furnished  an  impure  pinkish  limestone,  which 
ranks  third  in  the  abundance  and  size  of  the  fragments  it  has 
afforded.  These  are  rarely  over  six  inches  in  diameter  and 
usually  are  under  this  size.  The  most  abundant  stones  come 
from  the  dark  bluish  limestones  of  the  Lower  Silurian,  which 
are  not  found  south  of  Pennsylvania.  This  limestone  gives 
fragments  sometimes  two  feet,  and  often  twelve  or  eighteen 
inches  in  diameter.  A  white  marble  which  is  highly  siliceous, 
and  shows  on  weathered  surfaces  a  sandy  character,  is  the  sec- 
ond in  abundance  and  in  the  size  of  the  fragments,  which  are 
sometimes  a  foot  in  diameter.  These  stones  are  when  large, 
subangular,  when  small,  partially  rounded.  They  are  cemented 
by  a  fine  grained  red  shale,  apparently  eroded  from  the  adjoin- 
ing normal  Mesozoic  red  beds.  This  is  rendered  highly  calca- 
reous by  an  intimate  mixture  of  it  with  finely  comminuted 
limestone.  The  stones  are  firmly  cemented  by  this,  and  the 
whole  lies  in  massive  ledges  having  apparently  a  northwest  dip. 
This  may  however  be  onlv  a  false  bedding.  This  formation, 
here  about  half  a  mile  wide,  extends  far  into  Virginia,  with  a 
predominance  of  limestone  fragments.  Professor  Rogers  has 
shown  that  it  extends  unbroken  as  far  as  Warrenton,  with  a 
constantly  diminishing  amount  of  limestone.  As  this  limestone 
must  have  come  from  Maryland  and  Pennsylvania,  we  see  that 
some  of  the  stones  must  have  traveled  long  distances,  viz :  forty 
or  fifty  miles.  The  predominance  of  limestone  is  marked  for 
some  distance  south  of  Leesburg. 

A  second  deposit,  not  connected  with  the  last,  is  well  shown 
near  Culpepper  Court  House,  where  I  made  a  careful  examina- 
tion of  it.  This  does  not  show  any  stratification,  or  limestone 
fragments,  but  consists  of  a  mass  of  partly  rounded  and  sub- 
angular  stones,  usuallv  perfectly  sound,  and  all  packed  in  a  fine- 
grained red  shale,  which  binds  the  whole  into  an  exceedingly 
firm  and  durable  rock.     The  stones  are  composed  of  the  char- 
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acteristic  rocks  of  the  Blue  Ridge,  some  twenty  or  twenty-five 
miles  to  the  west,  and  northwest.  They  are  commonly  com- 
posed of  a  tough  epidotic  schist,  subangular  blocks  of  which, 
two  feet  by  eighteen  inches,  and  two  feet  by  two  and  one-half, 
sometimes  occur.  The  most  abundant  material  is  a  compact 
chloritic  schist  which  yields  subangular  stones  two  feet  in 
diameter.  By  far  the  most  common  size,  however,  of  all  the 
stones,  is  from  six  to  eight  inches.  Rocks  yieldinff  this  mate- 
rial may  be  found  nearer  than  the  Blue  Ridge,  though  none 
were  seen  in  the  immediate  vicinity.  Similar  deposits  are 
found  at  various  other  points  on  the  west  side  of  this,  and  the 
other  interior  belts.  1  will  mention  only  one  more,  for  the 
sake  of  illustration,  and  this  occurs  in  the — 

Pittsylvania  Belt — This  deposit  is  remarkable  for  the  great 
size  and  soundness  of  the  stones,  and  for  the  complete  con- 
trast that  it  presents  with  the  normal  Mesozoic  strata  with 
which  it  is  associated.  These  latter  are  here  fine-grained  red 
shales,  dipping  pretty  Steepler  northwest.  On  the  western  edge 
of  these,  and  apparently  tying  in  a  trough  excavated  by  ero- 
sion in  them,  we  find  on  George's  Creek  the  bed  in  question. 
This  was  mentioned  by  Professor  Rogers,  on  account  of  the 
large  size  of  the  stones.  I  made  a  careful  examination  of  it 
The  most  abundant  and  largest  stones  are  composed  of  a  coarse 
grained  gneiss,  which  occurs  in  masses,  sometimes  hardly  at  all 
abraded,  and  up  to  four  and  five  feet  in  diameter.  Very  com- 
monly they  are  two  and  three  feet  in  diameter.  A  fine-grained 
granite  yields  masses  three  and  four  feet  in  diameter,  which 
show  more  abrasion.  These  occur  with  other  material,  all  en- 
closed in  a  matrix  composed  of  red  shale,  eroded  from  the  nor- 
mal Mesozoic,  mingled  with  comminuted  material  similar  to  the 
large  stones.  All  the  large  stones  are  remarkably  fresh,  and 
the  whole  mass  is  totally  unlike  anything  seen  elsewhere  in 
this  belt.  The  parent  rocks  yielding  the  stones  may  exist  in 
the  vicinity,  though  none  exactly  similar  were  seen  in  place. 
The  normal  strata  of  this  belt  may  be  divided  into  two  series. 
The  lower  one  contains  predominant  red  and  variegated  shales, 
and  red  or  brown  sandstones.  The  sandstones  often  contain 
numerous,  more  or  less  angular,  particles  up  to  an  inch  or 
two  in  diameter,  of  the  adjoining  Azoic  rocks,  and  commonly 
give  evidence  of  rapid  erosion  and  deposition.  There  is 
one  very  remarkable  sandstone  near  the  top  of  this  series, 
which  is  composed  almost  entirely  of  feldspar.  It  consists  of 
numerous  partly  rounded  and  slightly  decayed  particles  of 
feldspar,  with  many  perfectly  fresh  fragments  of  the  same, 
showing  brilliant  cleavage  facea  These  are  cemented  by  a 
felsitic  paste  into  a  firm  rock,  which  can  only  by  close  inspec- 
tion be  distinguished  from  granite.     It  is  diflScult  to  see  bow 
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such  a  rock  could  have  been  formed  out  of  any  of  the  Azoic 
rocks  in  the  vicinity,  for  these  contain  a  good  deal  of  quartz, 
even  when  richest  in  feldspar,  and  this  sandstone  contains  very 
little. 

The  upper  series  contains  a  predominance  of  reddish  and 
dark  bituminous  shales  and  gray  grits.  Only  faint  traces  of  coal 
exist,  in  the  form  of  thin  films.  No  plant  impressions  were 
seen  but  some  silicified  wood  occurs.  The  dip  is  northwest 
over  the  whole  belt,  varying  from  thirty  to  forty  degrees.  This 
constant  high  dip  indicates  a  thickness  for  the  formation  which 
is  not  justified  by  the  other  indications.  In  the  description  of 
the  Richmond  coal  field  I  will  state  what  I  think  is  the  explana- 
tion of  this  apparent  anomaly. 

Deposits  of  bowlders  similar  to  those  above  described 
appear,  according  to  the  statements  of  Emmons  and  Kerr,  to 
be  found  associated  with  the  Mesozoic  of  North  Carolina. 
Emmons  mentions  beds  of  large  stones  as  found  on  the  west 
side  of  the  Dan  River  coal  field.  There  the  normal  strata  dip 
northwest.  Kerr  mentions  similar  beds  as  occurring  on  the 
east  side  of  the  Deep  River  coal  field,  whei'e  the  normal  strata 
dip  southeast  He  nowever  thinks  that  these  stones  come  from 
the  Azoic  on  the  east,  and  attributes  their  transport  to  a  pre- 
Triassic  glaciation.  I  do  not  understand  on  what  grounds 
Professor  Kerr  thinks  that  these  beds  are  pre-Triassic,  as  he 
does  not  indicate  any  change  of  dip  in  the  associated  normal 
beds.  This  southeast  dip  and  the  position  of  the  beds,  would 
indicate  that  they  are,  as  in  Virginia,  post-Triassic.  Professor 
Emmons  mentions  that  the  Egypt  shaft  after  passing  through 
twenty-eight  feet  of  soil  (?)  penetrated  two  feet  of  large  stones, 
resting  on  the  coal  shalea  This  may  be  the  same  deposit  with 
that  of  Professor  Kerr.  It  does  not  seem  possible  that  water 
action  alone  could  have  deposited  these  stones  in  their  present 
position.  For  if  we  could  conceive  of  a  torrent  of  such  power 
as  to  be  able  to  transport  these  masses,  and  which  would  at  the 
same  time  not  remove  the  fine  matrix  in  which  they  are  imbed- 
ded, we  should  still  be  unable  to  understand  how  water  could 
reach  and  remove  material  which  had  never  been  exposed,  as 
surface  rock,  to  the  decomposing  action  of  atmospheric  agenciea 

I  will  pass  over  the  Buckingham  Belt  and  the  Prince  Edward 
Belt, "as  T  had  no  opportunity  to  study  them,  and  wiU  consider 
next  the — 

Richmond  Coal  FiddL — This  portion  of  the  Richmond  Belt, 
which,  as  previously  defined,  lies  south  of  the  Chickahominy 
River,  is  the  only  Mesozoic  area  in  Virginia  which  shows  the 
structure  of  a  iJasin.  The  strata  may  be  divided  into  two 
series,  which  show,  as  a  whole,  very  marked  differences,  but 
between  which  no  distinct  line  of  separation  can  be  traced. 
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The  lower  series,  from  three  hundred  to  five  hundred  feet 
thick,  rests  immediately  on  the  granitoid  gneiss,  which  forms 
the  floor  of  the  basin.  It  contains  all  the  coal  found  in  the 
field.  The  number  of  coal  beds  is  variable,  but  the  most 
important  are  usually  two  or  three  in  number,  all  contained 
within  the  space  of  about  one  hundred  feet,  and  the  lowest 
lying  near  the  floor.  In  placing  this  coal-bearing  portion  next 
to  the  granite,  I  follow  Rogers  and  Lyell,  as  their  observations, 
which  were  more  extensive  than  my  own,  show  that  the  inter- 
val between  the  lowest  coal  beds  and  the  granite  is  quite 
variable.  The  associated  strata  are  usually  flaggy  sand- 
stones, and  more  or  less  indurated  shales,  the  material  of  all 
being  so  thoroughly  sorted  by  water  action  and  so  completely 
changed  that  the  parent  rock  cannot  be  recognized.  The  beds 
give  proof  of  a  good  deal  of  disturbance  in  the  presence  of 
"slickensides,"  contortion,  crushing  and  induration.  Faults 
affect  both  this  and  the  upper  series,  and  suddenly  collapsed 
anticlinals  of  small  width  occur,  so  that  the  dip  is  quite  variable. 
As  a  rule  the  dip  on  the  eastern  side  is  westward  and  on  the 
western  side  eastward,  being  steeper  on  the  latter  side,  and  the 
strata  sometimes  attain  here  a  perpendicular  position. 

The  upper  series  is  perhaps  not  more  than  fifteen  hundred  feet 
thick,  and  differs  in  many  points  from  the  lower.  The  strata  are 
mainly  sandstones,  sometimes  coarse  and  conglomeratic,  and  as 
Bogers  has  shown,  possessing  the  peculiar  composition  of  a 
mixture  of  feldspar,  quartz  and  mica,  unsorted,  and  but  little 
decomposed.  They  form  a  sort  of  granitic  grit,  which  causes  the 
rock  to  resemble  granite.  Subordinate  beds  of  shale  exist 
This  series  shows  less  disturbance  than  the  lower.  The  dip  is 
more  gentle,  the  beds  are  but  little  consolidated,  or  affected  by 
crushing  and  rubbing.  It  contains  no  coal,  and  none  except 
drifted,  poorly  preserved  planta  The  entire  upper  series  shows 
marks  of  having  been  deposited  in  a  rapidly  sinking  area,  into 
which  was  poured  an  abundance  of  coarse  matter,  obtained  by 
the  rapid  erosion  of  the  surrounding  granitoid  rocks. 

It  is  clear  that  much  of  the  disturbance  shown  by  the  lower 
beds  occurred  during  this  sinking,  which  has  also  affected  them 
with  steeper  dips  than  are  found  in  the  upper  series.  The 
lower  beds  were  evidently  deposited  slowly,  on  a  pretty  stable 
area,  which  remained  at  the  same  level  long  enough  for  the 
important  coal  beds  now  found  to  be  formed.  The  subsequent 
sinking  seems  to  have  been  too  rapid  to  permit  the  growth  of 
sufficient  vegetation  to  produce  coaL  Both  series  are  pene- 
trated by  dykes  of  igneous  rock.  The  rolls  in  the  strata  and 
tbe  faults  affect  the  structure  of  the  field  to  such  an  extent 
that  it  is  difficult  to  determine  its  depth,  and  determinations 
from  shafts  and  borings  cannot  be  relied  upon  absolutely.      To 
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illustrate  this,  I  may  mention  two  cases.  Lyell  states  that  the 
Midlothian  (old)  shaft  was  sunk  within  the  field  to  the  west  of 
the  previous  workings,  and  entered  the  coal  three  hundred  feet 
higher  than  was  expected  from  the  dip,  thus  giving  an  upthrow 
of  this  amount  This  is  on  the  east  side  of  tne  field.  On  the 
west  side  at  the  Dover  Mines,  the  company  owning  the  works 
attempted  to  develop  a  new  portion  oi  the  field  by  sinking  a 
shaft  a  few  hundred  yards  to  the  east  of  their  old  workings. 
They  penetmted  the  entire  series  of  strata,  and  found  nothing 
workable. 

My  examination  of  some  of  the  finger-like  remnants  of  the 
Mesozoic,  now  found  at  the  northern  end  of  this  field,  thrust 
out  in  the  Azoic,  put  me  in  possession  of  what  I  think  is  the 
explanation  of  the  peculiarities  of  the  structure  of  this  field, 
and  of  the  interior  belts.  The  history  of  these  areas,  briefly 
stated,  seems  to  be  as  follows : — 

The  strata  were  laid  down  in  depressions,  which,  originally 
shallow,  were  subsequently  deepened  by  a  more  or  less  rapid 
subsidence.  The  subsidence  was  due,  as  previously  stated,  to 
the  operation  of  a  lateral  thrust  It  continued  until  faults  and 
overturned  anticlinals  were  produced.  In  the  interior  belts 
these  operated  to  produce  a  constant  northwest  dip.  This 
resulted  from  the  fact  that  the  western  sides  of  the  severed  earth 
prisms  dropped,  producing  sometimes  by  a  roll  of  the  prisms 
an  upthrow  of  the  eastern  side.  This  appears  to  occur  in  some 
of  the  faults  of  the  Richmond  coal  field  also.  When  the 
strain  did  not  result  in  producing  rupture  and  faulting,  it 
caused  the  development  of  an  anticlinal,  aflfecting  but  a  nar- 
row belt,  which  was  overturned  to  the  eastward,  thus  produc- 
ing also  a  continuous  northwest  dip.  Where  the  strata  have 
suffered  enormously  from  erosion,  and  where  almost  precisely 
similar  beds  are  formed  by  the  similar  conditions  of  deposition 
found  repeated  at  different  horizons,  as  is  often  the  case  in  the 
interior  belts,  it  is  almost  impossible  to  detect  reduplications  by 
faulting  and  folding.  When  the  period  of  faulting  was  reached, 
eruptions  of  trap  topk  place.  It  will  thus  be  seen  that  the  con- 
tinuous dips  would  by  no  means  give  a  true  indication  of  the 
thickness  of  the  series. 

In  the  Richmond  coal  field  the  faults  and  narrow  overturned 
folds  are  not  of  sufficient  magnitude  to  produce,  as  in  the 
interior  belts,  continuous  dips,  but  suffice  only  to  render  very 
variable  and  uncertain  the  dip  and  position  of  the  strata 
toward  the  center  of  the  field.  The  general  result  seems  to 
have  been  to  flatten  the  dip  here,  and  to  steepen  it  on  the 
western  side.  Some  of  the  twists  in  the  strata,  produced  by 
the  overturned  anticlinals,  are  of  extremely  limited  extent  I 
have  seen  them  only  a  few  feet  wide. 
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The  direction,  in  which  the  lateral  thrust  operated  in  this 
field,  was  from  east  to  west,  and  it  seems  not  yet  to  be 
exhausted,  for  this  region  is  often  aflfected  by  minor  earth- 
quakes, and  ai  intervals  of  ten  or  fifteen  years,  by  very  pow- 
erful ones,  the  last  occurring  a  few  years  ago.  The  shocks 
pass  from  east  to  west  It  is  probable  that  the  gradual  depres- 
sion of  the  coast  is  connected  with  this  westward  thrust 

Fossil  Plants, — So  far  as  known  to  me,  the  only  plants  from 
this  field  which  have  been  published  and  described,  are  those 
made  known  by  Rogers  and  Bunbury.  Both  of  these  authors 
considered  the  plants  to  be  of  the  age  of  the  lower  Oolite  of 
England.  Most  geologists,  however,  seem  to  agree  in  consid- 
ering the  beds  yielding  the  plants,  to  be  of  the  age  of  the 
Keuper,  or  Upper  Trias.  It  must  be  borne  in  mind  that  only 
the  lower,  or  coal-bearing  portion,  has  yielded  these  plants. 

Among  European  authors,  Heer  and  Schimper  are  the  onlj' 
ones  who,  so  far  as  I  know,  express  an  opinion  concerning  the 
age  of  the  beds,  based  on  an  examination  of  the  plants.  I  nave 
not  seen  Heer's  remarks,  and  hence  do  not  know  on  what 
grounds  he  concludes  that  the  plants  are  Triassic.  Schimper, 
on  page  277,  vol.  i,  of  his  Pal.  Veg.,  founds  his  belief  in  the 
Triassic  age  of  the  beds  yielding  the  plants,  both  on  the  ani- 
mal and  plant  life.     I  will  consider  only  the  latter. 

He  says,  in  speaking  of  the  characteristic  Equisetum  of  this 
field,  which  he  calls  Equisetum  Rogersii,  that  it  is  nearer  to  K 
arenaceum,  the  characteristic  Equisetum  of  the  Trias,  than  to  E. 
columnare^  the  plant  of  the  Lower  Oolite  with  which  Rogers  and 
Bunbury  thought  it  to  be  identical.  He,  however,  only  saw  a 
cast  of  the  interior  of  the  Richmond  plant  He  says,  farther, 
that  this  coal  field  has  Pterophylla  and  Ferns,  which  have  most 
aflSnity  with  the  characteristic  species  of  the  Keuper.  It  does 
not  appear  from  what  source  he  derived  this  impression. 

He  is  mistaken  both  concerning  the  Equisetum,  and  the 
other  plants  from  this  field.  This  Eq  uisetum  is  next  to  Macro- 
tomiopteris  grandtfolia,  the  most  abundant  and  widely  diffused 
plant  of  the  field.  I  have  beautifully  preserved  specimens,  on 
a  fine-grained  shale,  which  shows  with  the  utmost  nicety  the 
minutest  details  of  the  exterior  of  the  plant  It  is  certainly  so 
close  to  Equisetum  columnare  that,  if  separated,  it  can  only  be 
made,  at  most,  a  variety.  The  most  abundant,  widely  diffused 
and  characteristic  plant,  is  Macrotceniopteris  grandifolia^  described 
by  Rogers  as  TcBniopteris  grandifolia.  It  is  a  curious  illustra- 
tion of  the  confusion  existing  in  the  minds  of  European  writers 
concerning  this  coal  field,  to  find  that  Schimper,  in  speaking  of 
this  plant  refers  it  to  the  Oolitic  beds  of  the  Richmond  coal 
field,  while  he  refers  its  constant  companion,  the  Equiestum 
above  mentioned,  to  the  Keuper  of  the  Richmond  field.     The 
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fact  is,  that  when  both  of  these  plants  occur  at  a  locality,  they 
are  so  closely  associated  that  they  are  confined  to  the  same 
layer,  from  which  they  seem  to  exclude  nearly  all  other  species. 
Schimper  also  refers  to  the  Oolite  of  the  Richmond  coal  field, 
another  plant  often  found  associated  with  these  two,  viz :  Neu- 
ropteris  linncn/olia  Bunb. 

The  JUacroloentopieris  is  allied  more  closely  to  the  Oolitic 
Macrotoeniopterida  of  England  and  India,  than  to  any  older 
plants.  The  nearest  to  it,  among  older  plants,  is  the  Toenvfp- 
teris  gigantea  Schenk,  of  the  Rhsetic.  Nothing  like  it  exists  in 
the  Trias.  The  Pteropkylla  of  the  Richmond  beds  belong  to 
the  Rhsetic  type,  illustrated  by  Pterophyllum  Brounifinum, 
which  type  Schimper  separates  under  the  name  of  CtenophyU 
lum.  These  plants  are  very  different  from  the  Keuper  type  of 
true  Pierophylla^  as  shown  in  P,  Jagerisind  P.  longifoliwn.  The 
plant  which  stands  third  in  distribution  and  abundance,  is  one 
which  I  cannot  distinguish  from  Pterophyllum  Braunianum, 
which  is  a  characteristic  Rhsetic  plant,  as  given  by  Schenic 

The  Ferns  are  either  similar  to  Rhsetic  forms,  or  have  an 
afllnity  with  still  later  ones.  I  have  fine  specimens  of  a  splen- 
did Fern,  which  is  allied  to  Cyclopteris  pachyrachw  Gcepp., 
though  it  is  a  smaller  plant,  and  is  a  new  species.  From  its 
association  with  Neuropteris  linnceijblia  Bunb.,  and  the  resem- 
blance of  the  two,  I  think  that  it  is  the  male  form  of  Bunbury's 
plant  They  are  both  allied  to  Acrostichiies  OoepperHanus  Schenk, 
which  is  a  Rhsetic  plant.  I  have  also  specimens  of  a  fine  Fern, 
closely  allied  to,  if  not  identical  with,  Asp/enites  Rosserii  Schenk, 
which  is  a  characteristic  plant  of  the  Rhsetic  Others  might  be 
mentioned,  which  show  either  Rhsetic  or  Liassic,  and  even  Oolitic 
affinities.     1  have  not  seen  in  this  field  a  single  Triassic  plant 

In  the  revised  edition  of  Dana's  Manual,  Pecopteris  {Leptdop- 
teris)  StuUgartensis  Brongt,  is  eiven  as  occurring  in  this  field. 
This  statement  is  probably  based  on  the  identification  by  Heer, 
of  this  plant  with  Bunbury's  Pecopteris  buUata.  I  have  seen 
nothing  like  Pecopteris  Stuttgartensis  in  this  field,  but  I  have  a 
number  of  fine  specimens  of  a  large  Fern,  which  I  take  to  be 
Bunbury's  P.  bullata.  If  they  are  not,  then  I  have  not  seen 
this  plant,  though  I  have  collected  from  the  localities  yielding 
it.  My  specimens  show  more  of  the  character  of  the  plant  than 
Bunbury's,  which,  as  is  known,  were  very  imperfect  It  is 
certainly  not  Pecopteris  Stuttgartensis.  I  have  devoted  more 
space  to  these  Richmond  plants  than  I  would  otherwise  have 
done,  because  this  flora  is  the  oldest*  of  the  Mesozoic  of  Vir- 
ginia, and  serves  as  a  point  of  comparison  for  the  plants  found 

*  By  this  I  do  not  mean  that  the  beds  oontaining  this  flora  are  the  oldest  of 
the  Mesozoic  strata  in  Virginia.  The  lowest  sttatA  of  tiie  interior  belts  have 
much  in  common,  and  are  aU,  I  think,  Triassic.  This  is  the  oldest  flora  jet 
discovered. 
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in  the  other  belts.  These  plants  all  come  from  the  lower  series. 
As  the  result  of  my  preliminary  study  of  them,  I  conclude  that 
the  lower  series  is  certainly  not  older  than  Rhsetic,  and  if  it  be 
not  Bhffitic,  then  it  is  younger.  Some  may  question  the  sepa- 
ration of  the  Rh»tic  from  the  Triassic.  Whatever  may  be  the 
evidence  of  the  animal  life  of  these  two  formations,  the  plants 
are  diflferent,  and  the  Rhaetic  flora  is  rather  to  be  reckoned  with 
the  Liassic  than  the  Triassic  flora.  Schimper,  Heer  and  Schenk, 
all  show  that  the  Rhsetic  flora  contains  no  Triassic  species. 

[To  be  oontinned.] 


Art.  m. — Discoveries  of  the  United  States  Fish  Commission  : 
Notices  o/Ji/ty  species  of  eastcoast  Fishes^  many  of  which  are 
new  to  the  fauna ;  by  G.  Bbown  Goode  and  Tablkton  H. 
Bean. 

The  object  of  the  present  paper  is  to  give  a  brief  summary 
of  the  coast  investigations  of  the  United  States  Fish  Commis- 
sion ^Professor  S.  F.  Baird,  Commissioner)  since  the  publica- 
tion of  a  similar  paper  in  this  Journal  for  December,  1877,  pp. 
470-478.  Certain  species  which  should  be  mentioned  here 
have  not  yet  been  identified ;  these  will  be  reserved  for  a  future 
paper.  Full  descriptions  of  species  and  discussions  of  ques- 
tions hinted  at  in  these  notices  have  appeared  or  will  appear  in 
the  Proceedings  of  the  United  States  JNational  Museum. 

1.  ChUomycteruB  fuliginovus  (DeKay)  Gill. 

This  species  had  been  dropped  by  common  consent  from  the 
faunal  list;  but  after  careful  study  of  a  specimen  seined  on 
Watch  Hill  beach,  Rhode  Island,  September  12,  1874,  we  feel 
compelled  to  restore  it 

2.  Hippocampus  antiquorum  Leach. 

Taken  with  a  school  of  mackerel  on  George's  Bank,  August, 
1873. — An  addition  to  the  fauna  of  the  Western  Atlantic. 

3.  Olyptoc^halus  cynofflossus  (Linn6)  Gill. 

The  craig  flounder  abounds  in  deep  water  oflF  the  coast  from 
Cape  Ann  to  Halifax,  occurring  at  a  depth  of  thirty-five 
fathoms  in  Ipswich  Bay,  Massachusetts,  and  in  Bedford  Basin, 
Halifax  Haroor,  and  seaward  to  a  depth  of  111  fathoma  Care- 
ful study  of  a  large  series  of  specimens  has  enabled  us  to  unite 
with  this  species  Olyptocephalits  acadianus  Gill  and  Pleuronectes 
elongatus  Yarrell. 

4.  Hippoglossoides  limandoides  (Bloch)  GUnther. 
Hippoglossoides  dentatus  (Storer)  Giinther,  is  apparently  iden- 
tical with  this  European  species.     The  genus  Pornatopsetta  Gill, 
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which  was  founded  on  Storers  Pleuronecies  deniata,  has  no 
characters  by  which  it  may  be  distinguished  from  Hippoglos- 
soides,  and  it  ghonld  be  set  aside.  Hippoglossotdes  Umandoides 
is  a  deep  water  species  found  constantly  with  the  preceding. 

6.  Pleuronecies  glaber  (Storer)  GilL 

As  a  rule,  the  female  may  be  distinguished  from  the  male 
by  its  smooth  scales,  especially  in  the  breeding  season,  and  by 
its  greater  size.  Gravid  females  were  received  from  Salem, 
Massachusetts,  January  10,  1878.  The  eggs  are  one-thirtieth 
of  an  inch  in  diameter.     (Bean.) 

6.  Ancylopsetta  quadroceUata  Gill. 

Of  this  species,  which  was  described  from  Pensacola,  Florida, 
and  not  elsewhere  recorded.  Professor  S.  F.  Baird  obtained  two 
specimens  in  Charleston  Market,  South  Carolina,  April,  1877. 

7.  Reinhardti'us  hippoglossoides  (Walb.)  GilL 

The  southern  range  of  this  Arctic  species  has  been  extended 
to  latitude  42°  N.  Fishermen  take  them  frequently  in  the 
gully  between  Le  Have  and  George's  Banks,  at  depths  greater 
than  200  fathoms.  They  appear  to  inhabit  the  abrupt  oceanic 
slopes  of  the  banks  beyond  and  below  the  range  of  the  halibut ; 
this  fact,  together  with  the  uniform  dark  coloration  of  the  under 
side  of  the  body,  seems  to  indicate  that  its  habits  diflFer  from 
those  of  other  pleuronectoid  fishes. 

8.  Chcenopsetta  ohlonga  (Mitch.)  GilL 

One  specimen  was  trawled  August  15,  1878,  in  the  harbor  of 
Gloucester.  It  has  not  previously  been  recorded  in  Massachu- 
setts Bay  except  at  Provincetown,  where  Captain  Atwood 
obtained  it  in  1846,  and  where  it  has  since  been  occasionally 
observed. 

9.  Macrurus  Bairdii  Goode  and  Bean. 

The  uniaue  specimen  of  this  species  has  been  supplemented 
by  three  aaditional  ones  captured  August  27,  1878,  forty-two 
miles  off  Eastern  Point  Light  (Cape  Ann),  E.  |  S.,  in  175  fath- 
oms, which  is  within  two  or  three  miles  of  the  locality  at  which 
the  type  was  secured. 

10.  Ma>crurus  rupestris  Bloch. 

Many  specimens  have  been  brought  in  by  fishermen  whose 
testimony  is  that  it  is  abundant  in  the  deep  waters  on  George's 
and  the  more  northern  banks. 

11.  Phyeis  Chesteri  Goode  and  Bean. 

Three  specimens  of  a  new  species  of  Phyeis  were  caught  in 
the  trawl-net  thirty-three  to  forty-two  miles  E.  by  S.  from 
Cape  Ann  in  110  to  140  fathoms.      The  largest  measured 
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0-242"  (without  caudal),  the  others  0143'°  and  0  142'° :  the 
latter  were  immature,  and  with  the  specific  characteristics,  par- 
ticularly the  leogth  of  the  fin  rays,  not  fully  exhibited.  The 
species  may  be  characterized  as  follows.  Head  contained  in 
length  of  body  (without  caudal)  four  and  one-third  times. 
Height  of  body  in  length  five  times.  Diameter  of  orbit  in 
length  of  head  three  and  a  half  times,  length  of  maxillary^  twice. 
Barbel  one-third  diameter  of  orbit  Vent  in  vertical  from 
twelfth  ray  of  second  dorsal,  and  equidistant  from  tip  of  snout 
and  extremity  of  second  dorsal.  Distance  of  first  aorsal  from 
snout  equal  to  twice  the  length  of  mandible.  Third  ray  of 
dorsal  extremely  elongate,  extending  to  the  thirty-third  ray  of 
second  dorsal  and  two-thirds  of  the  distance  from  snout  to  tip 
of  caudal,  its  length  more  than  twice  that  of  the  head.  Anal 
inserted  immediately  behind  the  vent,  at  a  distance  from  the 
ventrals  equal  to  that  of  dorsal  from  snout  Ventral  composed 
of  three  rays,*  the  first  and  second  much  prolonged,  the  first 
almost  one-third  as  long  as  the  body,  the  second  three  times  as 
long  as  the  head,  extending  to  the  fortieth  ray  of  the  anal  fin 
and  to  a  point  three-fourths  of  the  distance  from  snout  to  tip  of 
caudal ;  the  third  shorter  than  the  diameter  of  the  orbit.  Pec- 
toral four  times  as  long  as  the  operculum.  Scales  large  and 
thin,  easily  wrinkling  with  the  folding  of  the  thick  flabby  skin. 
Lateral  line  much  broken  on  the  posterior  half  of  the  body. 
Scales  in  ninety  to  ninety-one  vertical  rows  and  thirty-five 
horizontal  rows,  of  which  seven  are  above  the  lateral  line. 
Eadial  formula:  D.,  9  or  10,  55  to  57.  A.  56,  C.  5,  18  to  21,  5. 
P.  17  or  18,  V.  8. 

The  species  has  been  named  in  honor  of  Captain  H.  C.  Ches- 
ter, well  known  as  an  Arctic  explorer,  and  for  four  years 
attached  to  the  United  States  Fish  Commission. 

12.  Saloporphyrus  viola  Goode  and  Bean. 

Two  specimens  of  an  undescribed  species  of  the  genus  Hah- 
porphyrus  of  Giinther  were  brought  in  August  24,  1^78,  by 
Captain  Joseph  W.  Collins  of  the  schooner  "Marion."  They 
were  taken  on  a  halibut  trawl-line  on  the  outer  edge  of 
Le  Have  Bank  at  a  depth  of  four  or  five  hundred  fathoma 
The  species  may  be  briefly  characterized  as  follows : 

The  head  is  contained  four  and  one-third  times  in  total  length 
without  caudal.  The  diameter  of  the  orbit  is  one-fourth  of  the 
length  of  the  head,  or  slightly  more.    The  maxillary  extends 

*  A  critical  study  of  the  ventral  fins  of  Phycia  leads  us  to  believe  that  one  of 
the  accepted  characters  of  the  genus  and  of  the  sub-family  Phycina  is  false,  there 
being  three  separately  articulated  rays  in  each  ventraL  In  the  young  of  Phydi 
chnsSf  for  instance,  the  short  third  ray  is  apparent,  but  in  the  adult  it  is  hidden  in 
the  tiilck  skin  which  envelopes  the  bases  of  the  first  and  second  rays,  causing 
them  to  appear  like  "  a  single  long  ray  bifid  at  the  end." 
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to  the  vertical  from  the  posterior  margin  of  the  orbit  The 
barbel  scarcjely  equals  half  the  diameter  of  the  orbit 

The  veot  is  situated  under  the  nineteenth  ray  of  the  second 
dorsal,  equidistant  from  snout  and  tip  of  caudal. 

The  anal  is  inserted  behind  the  vent  at  a  distance  equal  to 
the  length  of  the  second  anal  ray ;  it  has  a  considerable  depres- 
sion in  its  middle  and  terminates  in  a  line  with  the  end  oi  the 
second  dorsal. 

The  pectoral  is  slightly  more  than  four  fifths  as  long  as  the 
head  and  extends  to  the  vertical  from  the  ninth  ray  of  the 
second  dorsal.     Its  length  equals  greatest  height  of  body. 

The  longest  ray  of  the  ventral  is  about  seven-eighths  of  the 
length  of  the  head,  and  extends  half  way  to  the  vent 

Radial  formula :  D.  4,  58  ;  A.  40 ;  V.  6.  Scales  in  lateral 
line  about  115 ;  above  lateral  line  11. 

13.  Hypsiptera  argentea  GUnther. 

A  single  individual  was  taken  at  the  surface,  May,  1878, 
about  forty  miles  off  Cape  May,  New  Jersey,  by  Captain  Robert 
n.  Hurlbert  of  Gloucester.  This  is  an  addition  to  the  fauna  of 
the  Western  Atlantic. 

14.  Lota  maculosa  (Le  Sueur)  Richardson. 

After  close  study  of  a  large  series  of  specimens  representing 
every  locality  from  which  species  of  Lota  have  been  described 
in  America  and  many  places  in  Europe,  Dr.  Bean  agrees  with 
late  writers  in  referring  all  the  American  species,  so  called,  to 
Jjoia  maculosa.  This  species,  in  the  skeletons  examined,  has 
sixtj^-four  vertebrae.  The  European  variety,  in  two  examples 
studied,  shows  sixtv-one  vertebr».  Dr.  Giinther  gives  the 
n\imber  as  sixty.  On  the  basis  of  this  difference  in  the  number 
of  vertebrae  Dr.  Bean,  for  the  present,  separates  the  European 
from  the  American  burbot  as  a  varie^  with  the  name  Lota 
maculosa  (LeSueur)  Rich.  var.  vulgaris  Jenyns.  Further  obser- 
vation of  the  number  of  vertebrae  is  very  desirable. 

The  specific  name  maculosa^  formed  by  LeSueur  in  1817, 
seems  to  have  priority.  Walbaum's  Oadus  lacustris  was  evi- 
dently a  catfish.* 

The  name  vulgaris^  though  attributed  to  Cuvier  and  Jurine 
was  not  used  nor  claimed  until  in  18*^5  by  Jenyns  in  his  Manual 
of  the  Vertebrate  Animals. 

16.  Lycodes  Verrittii  Goode  and  Bean. 

Taken  sparingly  in  from  78  to  114  fathoms  off  Cape  Ann,  at 
one  time  within  seven  miles  of  Thatcher's  Island. 

*  See  the  desoriptioii  and  also  "  Mathemeg"  in  Rich.  Faun.  Bor.  Amer.,  p.  136, 
and  Jordan,  Bull  z,  U.  a  Nat  Mus.,  p.  84. 
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Professor  Robert  Collet*  has  considered  this  species  identical 
with  his  L.  Sarsii;  but  even  the  comparative  tables  which  he 
introduces  in  support  of  this  position  show  that  the  two  species 
are  clearly  distinct 

16.  Leptoblennvua  serpentintis  (Storer)  Gill. 
Taken  occasionally  in  seventy  fathoms  or  more. 

n.  Anarrhichas  htpus  L. 

Specimens  of  an  Anarrhichas  with  brown  cross  bars  instead 
of  spots  and  which  cannot  in  any  way  be  distinguished  from 
the  European  species,  have  been  taken  during  the  past  season. 
We  add  this  species  to  the  faunal  list  without  expressing  an 
opinion  as  to  the  validity  of  the  species  A,  vomerinus  Agassiz. 

18.  Mjoniorotretmis  spinosus  (Fabr.)  GilL 

Three  specimens  were  secured,  September  2,  1878,  seventeen 
and  three-quarter  miles  S.  E.  i  E.  from  Eastern  Point  Light, 
Cape  Ann,  in  twenty-three  to  twenty-eight  fathoms. 

19.  Trichidion  octanemus  (Girard)  Gill. 

Of  this  species,  hitherto  known  only  from  Texas,  the  United 
States  National  Museum  has  lately  received  a  specimen  col- 
lected by  Mr.  Silas  Stearns  at  Pensacola,  Florida. 

20.  Orcj/ntu  peiamys  (Linn6)  Poey. 

A  specimen  of  the  oceanic  bonito  was  taken  in  July  or 
August,  1877,  off  Provincetown,  Massachusetts,  and  presented 
by  Mr.  Jas.  H.  Blake  to  the  Museum  of  Comparative  Zoology. 
An  addition  to  our  fauna. 

21.  CatUolatUus  microps  Goode  and  Bean. 

A  specimen  two  feet  three  inches  in  length,  taken  March  IS, 
1878,  on  the  Snapper  Bank,  off  Pensacola,  Florida,  in  thirty- 
five  fathoms  of  water,  was  received  from  Mr.  Silas  Stearns. 
For  a  full  description  see  Proc.  U.  S.  National  Museum,  1878, 
p.  42. 

22.  Cynoscion  regalU  (Bloch)  GilL 

Three  individuals  have  been  taken  during  the  summer  in 
Capt  Webb's  trap  near  Thatcher's  Island,  off  Cape  Ann.  It 
had  not  previously  been  recorded  farther  north  than  Province- 
town,  Massachusetta 

23.  Mentidrrus  nebtdosits  (Mitch.)  Gill. 

One  specimen  was  secured  in  the  summer  of  1878  by  Captain 
Webb  in  the  trap  just  referred  to.  Provincetown  has  been 
heretofore  its  recorded  northern  limit 

^flske  £r»  den  nonke  NordhavB — Exped.  1876-77,  Ghristiania  Yidensk. — 
Selsk.  ForiiaiidL  1878,  No.  4. 
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24.  Stenotomus  argyrops  (Linn6)  Gill. 

The  northern  range  of  the  scup  is  extended  to  Thatcher's 
Island,  oflF  Cape  Ann,  where  it  has  recently  been  taken  in  con- 
siderable numbers  by  Captain  Webb. 

25.  Sargus  Holbrookii  Bean. 

Six  specimens  of  this  new  species,  from  Savannah  Bank, 
were  sent  to  the  United  States  National  Museum,  March  29, 
1878,  by  Mr.  Goode.  Numerous  individuals  apparently  be- 
longing to  the  same  species  were  collected  at  Beaufort,  North 
Carolina,  by  Professor  D.  S.  Jordan  during  the  summer  of  1878. 

Diagnosis:  Body  ovate,  compressed,  a  very  slight  protuber- 
ance above  the  upper  anterior  margin  of  the  orbit,  and  a  very 
marked  one  in  the  supra-occipital  region.  Distance  from  origin 
of  ventral  to  origin  of  spinous  dorsal  is  about  two-fifths  of 
total  length  to  end  of  middle  caudal  rays.*  Least  height  of 
tail  is  about  equal  to  length  of  upper  jaw. 

Length  of  head  is  contained  three  and  three-quarter  times 
in  totsS.  The  interorbital  area  is  slightly  less  than  one  and  a 
half  times  the  long  diameter  of  eya  The  length  of  snout  is  one- 
tenth  of  total  length  and  about  equals  that  of  mandible.  The 
eye  is  contained  nearly  four  and  one-fifth  times  in  length  of 
head. 

The  longest  dorsal  spine  is  contained  from  eight  and  one- 
half  to  ten  times  in  total  length  of  body. 

The  distance  of  anal  from  snout  is  contained  one  and  five- 
eighth  times  in  total  length.  Longest  anal  spine  equals  one- 
twelfth  of  total  length. 

The  length  of  middle  caudal  rays  equals  that  of  snout. 

The  distance  of  pectoral  from  snout  is  contained  three  and 
one-half  times,  and  its  length  about  three  times  in  total  length. 

The  distance  of  ventral  from  snout  slightly  exceeds  the 
length  of  pectoral.  Length  of  ventral  averages  nearly  one- 
fifth  of  total  length. 

Radial  formula:  B.  vi ;  D.  xii,  18-14;  A.  iii,  18-14;  P. 
15-16  ;  V,  1,  5. 

Scales:  8-60  to  62-16. 

Teeth:  eight  incisors  in  each  jaw,  their  greatest  width  equal 
to  half  their  length.  Three  rows  of  molars  above,  two  below, 
with  sometimes  a  tendency  to  increase  the  number  of  rows. 

For  a  full  description,  see  Proc.  U.  S.  National  Museum, 
1878. 

26.  Rhomhoplites  aurorubens  (Cuv.  and  Val.)  Gill. 

A  specimen  of  this  species,  hitherto  known  only  from  the 
West  Indies  was  secured  in  May  from  Mr.  C.  C.  Lesley,  of 

*  This  length  is  the  basis  of  oomparison  for  all  my  measurements  of  this  species. 
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Charleston,  South  Carolina,  another  was  collected  at  Pensacola, 
Florida,  by  Mr.  Silas  Stearns  a  few  days  later. 

2Y.  Lutjanus  Blackfordii  Goode  and  Bean. 

The  **  red-snapper"  of  the  Southern  Atlantic  and  Gulf  coasts 
proves  to  be  distinct  from  the  West  Indian  species  with  which 
It  had  previously  been  confused.  It  was  named  in  honor  of 
Mr.  E.  G.  Blackford  of  New  York  City,  a  gentleman  who  has 
rendered  many  important  services  to  American  ichthyology. 
Full  descriptions  of  this  and  the  following  species  may  be 
found  in  the  Proceedings  of  the  U.  S.  National  Museum. 

28.  Lu^cmus  SUamsii  Goode  and  Beaa 

The  **  mangrove  snapper"  of  the  Gulf  of  Mexico  proved  to 
be  new  and  was  named  in  honor  of  Mr.  Silas  Stearns  of  Pensa- 
cola, by  whom  the  only  known  specimen  was  collected.  Rhom- 
boplites  aurontbens^  mentioned  aoove,  is  known  at  Charleston 
as  the  "mangrove  snapper,"  at  Pensacola  as  the  "bastard 
snapper." 

29.  J^nepheluB  Drummond-Hayi  Goode  and  Bean. 

This  magnificent  species  was  first  discovered  at  the  Bermudas 
in  1851,  by  CoL  H.  M.  Drummond  Hay,  C.M.Z.S.,  by  whom  a 
sketch  and  partial  description  were  prepared.  The  National 
Museum  has  latelv  received  two  specimens  from  Florida,  one 
from  Mr.  Blackford,  collected  at  the  Keys,  the  other  from  Mr. 
Stearns  at  Pensacola.  The  species  attains  the  weight  of  fifty 
pounds  or  more. 

30.  Epinephehis  niveatus  (Cuv.  and  Val.)  Poey. 

This  species  has  been  taken  twice  at  Newport,  Ehode  Island, 
by  Samuel  Powel,  Esq.  The  first  specimen,  a  young  indi- 
vidual, was  made  the  type  of  the  genus  Hyporthodus*  bv 
Professor  Gill.  A  comparison  of  Hyporihodus  flavicauda  Gill 
with  Cuban  specimens  of  Epinephelus  niveattis  proves  their 
identity.  The  second  specimen  was  received  from  Newport  in 
1877.     It  has  not  been  recorded  elsewhere  on  the  East  coast 

31.  Roccus  lineattts  (Bl.  Schn.)  Gill. 

The  "rock-fish"  is  taken  in  winter  in  the  Altamaha  Eiver, 
in  considerable  numbers.  South  of  this  region  its  occurrence 
is  extremely  rare.  Two  were  observed  in  the  St  Johns  River, 
Florida,  in  1874 ;  and  in  May,  1878,  a  stray  individual  was  sent 
by  Mr.  Stearns  from  Pensacola. 

32.  jRemoropsis  brachyptera  (Lowe)  Gill. 

Two  specimens  of  this  rare  species  have  been  obtained  from 
fishing  schoonera     One  was  found  clinging  to  the  side  of  a 
•Proc.  Aoad.  Nat  Sd.  Philad.,  1861,  pp.  98-99. 
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sword-fish  harpooned  in  the  channel  southwest  of  George's 
Bank,  another  on  the  deck  of  a  halibut-trawler  fishing  in  the 
gully  northeast  of  George's  Bank,  at  a  time  when  sword  fish 
were  being  taken  on  the  trawls.  This  species  may  very  proba- 
bly be  a  parasite  peculiar  to  Xiphias^  as  the  allied  species, 
Bhombochirus  osieochir  is  to  Tetrapturus  aJhridus, 

33.  Belone  kUimanus  Poey. 

The  occurrence  of  a  single  specimen  of  this  West  Indian 
form  in  Buzzard's  Bay,  where  it  was  obtained  by  the  Commis- 
sion in  1875,  has  already  been  recorded  (Proc.  U.  S.  National 
Museum,  i,  1878,  p.  6.)  Several  additional  specimens  from 
North  Carolina  or  Chesapeake  Bay,  were  obtained  in  Fulton 
market,  New  York,  June  1,  1878. 

34.  Belone  hiafis  Cuvier  and  Valenciennes. 

In  company  with  the  preceding  were  several  specimens  of 
this  species  hitherto  recorded  only  from  Bahia,  the  West 
Indies,  and  the  Bermudas. 

35.  Fundidits  seminolts  Lesueur. 

This  species,  long  lost  sight  of,  was  collected  in  quantity  by 
Professor  Baird  on  the  upper  St.  Johns  Eiver. 

36.  Lucaniaparva  (Baird  and  Girard)  Bean. 

The  Oyprinodon  parvus  of  Baird  and  Girard  should  be  re- 
ferred to  the  ffenus  Lucania  Girard.  The  species  is  recorded  only 
from  BeesW  s  Point,  New  Jersey,  Sinepuxent  Bay,  Maryland, 
Greenport,  Long  Island  and  Noank,  Connecticut     (Bean.) 

37.  Alepidosaunu /erox  Lowe. 

Six  specimens  of  this  species  are  now  on  record  in  the  United 
States— one  in  the  collection  of  the  Boston  Society  of  Natural 
History  and  five  in  the  United  States  National  Museum.  All 
of  these  have  been  captured  within  the  limits  of  lat  41^  and 
44*"  and  at  depths  of  200  to  400  fathoms. 

The  first  capture  of  Alepidosaurus  in  the  Western  Atlantic, 
was  by  Captain  D.  C.  Murphy  of  the  schooner  Centennial  in 
July,  1877,  in  200  to  300  fathoms.  Lat  48°  46'  N. ;  long.  59^ 
19'  W. 

38.  Salmo  sakir  L. 

The  salmon  has  been  transported  by  the  Commission  of 
Fisheries  to  the  rivers  of  the  Middle  States,  to  many  points  in 
the  Mississippi  valley  and  to  the  California  coast.  It  may  be 
regarded  as  acclimated  in  the  Hudson,  Delaware  and  Susque- 
hanna Bivers,  and  re-acclimated  in  the  Connecticut 
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39.  Brevocrtia  tyranntts  (Latrobe)  Goode. 

The  common  menhaden  was  described  under  the  name 
Clupea  tyrannus  by  Latrobe  in  1802,  and  the  8peci6c  name  then 
proposed  has  priority  over  all  others.  An  extended  study  of 
the  species  of  this  group  indicates  that  the  B.  tyrannus  occurs 
on  the  coast  of  Brazil,  as  far  south  as  Bahia,  and  that  Spix's 
Clvpanodon  aureus  is  specifically  identical  and  should  be  in- 
cluded as  a  subspecies,  B.  tyrannus  subspecies  aurea. 

40.  Brevoartia  pa^onus  Goode, 

A  species  occurring  at  several  points  on  the  north  shore  of 
the  Gulf  of  Mexico,  from  the  mouth  of  the  Rio  Grande  to 
Pensacola,  Florida,  where  Mr.  Steams  observed  it  in  great 
abundanca 

41.  Alosa  sapidissima  (Wilson)  Storer. 

Through  the  agency  of  the  United  States  Commission  of 
Fisheries  the  common  shad  has  been  introduced  into  most  of 
the  rivers  flowing  through  the  Southern  States  into  the  Gulf  of 
Mexico,  and  may  now  be  considered  a  member  of  the  fauna  of 
that  region,  its  range  south  and  west  having  been  extended 
over  at  least  twelve  hundred  additional  miles  of  coast  line.  It 
is  also  acclimated  in  California. 

42.  Bomolobus  pseitdoharenffus  (Wilson)  GilL 

Abundant  in  Lake  Ontario,  Cayuga  and  Seneca  Lakes,  New 
York.  The  variety  lacustris^  founded  on  Cayuga  Lake  specimens 
by  Professor  Jordan,  is  precisely  like  the  average  coast  alewife. 
After  careful  measurements  of  numerous  lake  and  coast  speci- 
mens I  am  unable  to  separate  them.     (Bean.) 

43.  JVemichthys  scohpaceus  t  Richardson. 

A  single  specimen  nineteen  inches  long,  of  a  curious  eel-like 
fish  was  obtained  from  a  fisherman  who  took  it,  living,  from 
the  stomach  of  a  cod  fish  caught  on  George's  Bank  in  February, 
1876,  in  forty-five  fathoms.  Another,  preserved  in  the  collec- 
tion of  the  Cape  Ann  Literarv  and  Scientific  Association  at 
Gloucester,  was  picked  up  on  the  deck  of  a  cod  vessel.  It  be- 
longs to  the  genus  Nemichthys  described  by  Sir  John  Richardson 
from  a  specimen  collected  by  the  exploring  ship  Samarang  in 
the  Soutn  Atlantic  Only  one  species  has  been  described,  the 
type  was  from  the  South  Atlantic  Another  specimen  of  the 
genus  was  taken  at  Madeira  and  described  by  Lowe  under  the 
name  Leptorhyncus  Leuchtettbergii.  Giinther  considers  it  to  be 
identical  with  N.  scolopaceus.  The  American  fish  is  at  present 
assigned  to  the  same  species.  The  family  Nendchthyidce  is  new 
to  the  Western  Atlantic. 


Digitized  by 


Google 


48  Ooode  and  Bean — East-coast  Fishes. 

44.  Amia  calva  L. 

The  range  of  the  mud-fish  has  not  hitherto  been  recognized 
to  extend  south  of  Charleston,  South  Carolina,  whence  Garden 
sent  specimens  to  Linnaeus.  It  occurs  abundantly  in  the  St 
Johns  River,  Florida,  and  Mr.  S.  C.  Clarke  found  it  in  Spruce 
Creek,  a  tributary  of  Halifax  River,  about  lat  28®. 

45.  Chimaera  plumhea  GilL 

Within  the  past  twelve  months  seven  individuals  have  been 
secured — one  by  the  Boston  Society  of  Natural  History  and 
six  by  the  United  States  National  Museum. 

The  first  specimen  was  taken  by  Captain  D.  C.  Murphy  of 
the  schooner  Centennial  in  July,  1877,  in  200  to  300  fathoms, 
lat.  43^  46'  N.,  long.  59°  19'  W.  Others  have  since  been  taken 
within  the  latitudes  42°  and  44°  N.  and  in  water  from  200  to 
850  fathoms  deep. 

46.  Torpedo  occidentalis  Storer. 

Taken  occasionally  near  Thatcher's  Island,  off  Cape  Ann,  by 
Captain  Webb,  in  his  trap.  A  specimen  was  taken  at  Lanes- 
ville,  Massachusetts,  July  13,  1878,  the  only  instance  of  its 
occurrence  to  the  northward  of  the  point  of  Cape  Ann. 

47.  Hypoprion  longirostris  Poey. 

A  West  Indian  species ;  collected  in  the  Gulf  of  Mexico,  by 
Dr.  J.  W.  Velie,  of  Chicago,  and  sent  to  Washington  for  iden- 
tification. 

48.  CentroBcymtms  coelolepis  Bocage  and  Capello. 

This  species  was  described  from  the  coast  of  Portugal  It  is 
recorded,  also,  from  Madeira.  Three  specimens  were  presented 
to  the  United  States  National  Museum,  August  26,  1878,  by 
the  crew  of  the  schooner  Marion,  who  captured  them  on  the 
Nova  Scotia  banks,  the  first  specimens  known  from  the  Western 
Atlantic. 

49.  CentroBcyUium  Fabricii  (Reinb.)  MtLller  and  Henle. 

A  Greenland  speciea  One  individual  was  received  from 
Captain  Jos.  W.  Collins,  schooner  Marion ;  locality  same  as  the 
last  This  species  is  new  to  the  fauna  of  the  Western  Atlantic. 
Both  this  and  the  preceding  are  called  by  the  fishermen  **  Black 
Dog  fish." 

60.   Oinglymostoma  cirratum  (L.  Gm.)  Mtlller  and  Henle. 

An  adult  specimen  was  taken  in  the  Gulf  of  Mexico,  by  Dr. 
J.  W.  Velie  of  Chicago.     A  young  individual  was  captured  by 
Mr.  Otto  Lugger  in  Chesapeake  Bay. 
Gloucester,  Mass.,  September  7,  1878. 
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Abt.  IV. — Note  on  the  Brightness  and  the  Stellar  Magnitude  of  the 
third  Satumian  satellite — ^Tethjs;  by  Edward  S.  Holden. 

[Oommmiicated  by  permission  of  Rear  Admiral  Johk  RoDQEUSy  U.  S.  N.,  Super- 
intendent U.  S.  Naval  Observatory.] 

On  November  20,  1878,  I  was  observing  Saturn's  satellites 
with  the  26-inch  refractor,  using  an  eye-piece  magnifying  400 
diameters.  Four  satellites  were  nearly  in  the  plane  of  the  ring 
(position  angle  94° -2).     They  were 

Tethys;  ;)=265^  «=35'' ;  (estimated.) 

Diane;  p=  94  ,  s=60'';  (         "        ) 

Titan;  p—  94±,  «= over  150'^ (estimated.) 

Bnceladus  ;  p=92  (est),  5=81''13  (measured.) 

At  about  8*»  30™  as  I  had  just  completed  the  measure  of  the 
distance  of  Enceladm^  the  sky  became  covered  with  flying 
clouds,  which  continually  passed  over  Saturn^  ])artially  obscur- 
ing the  planet  and  dimming  the  light  of  the  satellitea  The 
clouds  were  probably  forming  and  disappearing  constantly,  as 
the  air  was  full  of  moisture,  the  difference  of  the  wet  and  dry 
bulb  thermometers  being  less  than  1°  F. 

I  had  noticed  before  beginning  to  observe  that  large  portions 
of  the  sky  were  alternately  obscured  and  clear,  evidently  owing 
to  thin  clouds  formed  on  the  spot 

The  disappearance  or  dimming  was  gradual  and  it  seemed 
suited  to  a  photometric  experiment  similar  to  that  tried  by 
Bond  on  the  nebula  of  Orion  during  twilight,  when  the  order 
of  the  appearance  of  the  details,  with  the  times,  were  noted.* 

Accordingly,  Mr.  Anderson,  assistant,  watched  Saturn  with 
the  naked  eye,  looking  along  the  telescope  as  a  guide  at  the 
planet,  while  I  watched  the  appearance  of  the  satellites  through 
the  equatorial.    The  interior  of  the  dome  was  perfectly  dark. 

As  a  cloud  gradually  (and  as  nearly  as  could  be  judged  uni- 
formly) darkened  Saturn  as  seen  in  the  telescope,  the  appear- 
ances were  carefuUv  noted  and  when  the  planet  disappeared  to 
the  naked  eye  Anderson  called  "now." 

At  this  instant  I  endeavored  to  note  the  visibility  of  the 
satellites. 

JEnceladus,  which  was  faint  at  the  best,  always  disappeared 
before  this  instant  In  four  (tolerably  satisfactory)  experiments 
it  was  found  that  Tethys  disappeared  in  the  telescope  at  the 
same  instant  that  Saturn  did  to  the  naked  eya  In  several 
reappearances  I  found  that  Vione  reappeared  in  the  telescope 

♦  Annals  Harv.  ColL  Obs.,  voL  v,  p.  164,  etc. 
Am.  JoiTR.  Soi.— Thibd  Sbbibs,  Vo*,XVII,  No.  97.— Jan.,  1879. 
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just  before  Saturn  appeared  to  the  naked  eye ;  and  that  Teihys 
was  seen  almost  at  the  same  time,  or  a  very  little  after  this. 
When  Saturn  was  just  appearing  or  disappearing  Titan  was  as 
bright  in  the  telescope  as  Dione  when  no  clouds  were  present 

Dione  was  always  a  little  brighter  that  Tethys,  The  southern 
edge  of  the  belt  in  the  southern  hemisphere  of  Saturn  vanished 
about  at  the  same  time  as  Enceladus,  This  observation  is,  how- 
ever, not  so  precise  as  those  on  Tethys. 

As  many  appearances  and  disappearances  as  possible  were 
observed  and  tne  result  of  them  all  is  that  Tethys  was  as  bright 
to  my  eye  in  the  telescope  as  Saturn  was  to  Anderson's  unas- 
sisted eya  It  may  be  mentioned  that  Anderson  under  good 
circumstances  can  see  Uranus  with  the  naked  eye,  and  by 
experience  I  have  learned  that  my  eye  is  well  suited  to  seeing 
faint  satellites  like  those  of  Uranus  and  Neptune.  I  believe 
that  our  eyes  used  as  in  this  experiment  were  as  nearly  equal 
as  any  could  ba 

The  sky  became  totally  cloudy  before  I  could  measure  the 
the  position  of  Tethys.  From  Pro£  Newcomb's  MS.  tables  the 
time  of  West  elongation  is  12^4  Wash.  m.  t. 

These  experiments  enable  us  to  determine  approximately, 
the  relative  brilliancy  of  Tethys,  in  this  part  of  its  orbit,  with 
Saturn.  Assuming  the  diameter  of  the  pupil  of  the  eye  at 
0*2»">  the  relative  amount  of  light  received  by  Anderson's  eye 
from  Saturn  and  through  the  telescope  from  Tethys  are  as 
(26-00  inches)"  to  (0-2  inches)*,  or  as  16,900  to  1.  So  that  the 
immediate  result  of  these  experiments  is  that  Tethys  was  at  that 
time  TjijT^*^  P^^t,  or  000005917  as  bright  as  Saturn,  including 
both  ball  and  ring. 

From  the  table  given  by  Zollner  in  Photometrische  Unter- 
suchungen,  p.  200,  it  follows  that  if  Saturn  had  been  without  his 
ring,  the  light  from  the  ball  alone  would  have  been  0*9356 
(log.  9*9711)  of  the  light  of  ball  and  rings  combined.  Hence 
if  H,  is  the  light  from  the  ball  alone,  the  light  received  from 

1  H, 

Tethys  was  ^^qqq  •  0^9356  =  0-00006328.   H ,  (log.  6-8009  H . ). 

If  H ,  is  the  brilliancy  of  a  planet  at  a  time  when  its  distance 
from  the  sun  is  r,  and  from  the  earth  />,  ;  and  if  d  is  the  true 
diameter  of  the  planet  in  miles  and  A  a  constant  depending  on 
the  nature  of  its  reflecting  surface  then 


H    =  A.d^(    ^   V 
\r].p\J 

At  another  time,  H,  =  A.d*.  ( )  and 


H,  :H,  =r;/>;:r«./9». 
*  See  Stampfer:  Sitzungsber.  der  k.  Acad.  d.  Wiss.  Berlin,  yoL  yii,  1851,  p.  760. 
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For  November  20,  8^.5  Wash.  m.  t.,  log.  r,  =  0-9787  and 
log.  p^  =  09564  The  mean  distance  of  S'ltum  is  9*5889 
(log.  r,  =  0"9795)  and  the  log.  of  its  mean  distance  from  the 
earth  is  log. />,  =0*9789.  Thus  the  brilliancy  of  Saturn  was 
greater  on  November  20  than  at  its  mean  opposition  in  the 
ratio  of  1*118  to  1,  or  H,  =  1*118  H^.  Thus  Tethys  = 
0*000071  H,  or  in  words,  Tethys  in  this  particular  part  of  its 
orbit  has  seventy-one  millionths  of  the  brilliancy  of  the  ball  of 
Saturn  at  mean  opposition. 

Zollner  has  determined  (op.  cit  p.  145)  the  relative  brilliancy 
of  Saturn's  ball  at  mean  opposition  of  CapeUa  to  be  Saturn^ 
0*431  Capella;  (log.  9*6845).  Hence  75?%5= 0*000080  Capella; 
(log.  5*4^^). 

From  this  we  can  detennine  the  stellar  magnitude  of  Tethys. 

If  the  light  of  a  first  magnitude  star  (as  Capella)  be  assumed 
as  1*000  and  if  the  light- ratio  be  d  (0*40)  and  if  m  be  the  mag- 
nitude of  the  star  on  Argelander*s  scale,  then  ^*"»  =  the  light 
of  the  star  in  terras  of  the  light  of  the  first  magnitude  star  as 
unity.  For  us  i*"»  =  0*000080  or  m  =  12*8  approximately. 
[On  Struve's  scale  m'  =  11*8.    On  Herschel's  scale  m"  =  12*5.] 

The  resulting  stellar  magnitude  of  Tethys  on  Argelander^s 
scale  being  as  we  have  seen  12*8  it  should  be  just  visible  with 
a  telescope  of  a  little  over  four  inches  aperture.*  This  I  tested 
on  November  2'6A^  and  I  find  that  with  four  inches  aperture 
Tethys  was  just  barely  visible  at  elongation  (East)  with  a  power 
of  200  diameters  when  Saturn  was  in  the  field.  When  Saturn 
was  put  out  of  the  field  it  was  just  steadily  visible.  With  a 
power  of  400  it  was  better  seen,  never  totally  disappearing. 
With  an  aperture  of  five  inches  on  the  finder  and  a  power  of 
thirty  it  was  not  seen.  The  appearances  were  the  same  to  both 
Andeison  and  myself  These  observations  give  a  rouL'h  check 
on  the  preceding  accurate  ones,  as  the  two  methods  agree  better 
than  could  be  expected.  It  also  affords  some  evidence  as  to  the 
eyes  of  the  two  observers. 

If  the  relative  brilliancy  of  the  various  satellites  among  them- 
selves be  measured,  the  foregoing  observations  afford  a  ready 
means  of  deducing  their  brilliancy  in  terms  of  a  standard  star 
like  Capella  and  hence  in  terms  of  any  standard  star. 
TJ.  S.  Naval  Observatory,  WashiDgton,  1878,  Nov.  26. 

*  See  Pogson :  if  on.  Not  R  A.  S.,  vol  zxi,  p.  34.  It  is  important  to  remember 
that  in  the  application  of  Pogaon's  formula  there  is  considerable  uncertainty 
owing  to  the  varying  effects  of  different  magnifying  powers,  and  to  other  causes. 
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Art.  V. — On  the  use  of  the  Tasimeter  for  Measuring  the  Heat  of  the 
Stars  and  of  the  Sun^s  Corona  /*  by  Thomas  A.  Edison,  Ph.D. 

lb  Professor  Henry  Draper  M,D,j  Dirwior  of  Ihe  Draper  Eclipse  Expedition : — 

Dear  Sir:  The  instrument  which  I  used  at  Rawlins,  Wyo- 
ming, during  the  solar  eclipse  of  July  29, 1878,  for  the  purpose 
of  measuring  the  heat  of  the  sun's  corona,  was  devised  by  me  a 
short  time  only  before  that  event;  and  the  time  was  insufficient 
to  allow  me  to  give  it  as  thorough  a  test  as  was  desirable  to 
ascertain  its  full  capabilities  and  characteristics. 

This  instrument  I  have  named  the  tasimeter,  from  the  Greek 
words  Toae^^  extension,  and  //er/oov,  measure,  because  primarily 
the  effect  is  to  measure  extension  of  any  kind.  The  form  of  in- 
strument which  I  used  is  shown  in  the  annexed  wood-cut  (fig.  1.) 


With  this  instrument  was  used  a  Thomson's  reflecting  galva- 
nometer, on  a  tripod,  and  having  a  resistance  of  three-fourths  of 
an  ohm.  The  galvanometer  was  placed  in  the  bridge  wire  of  a 
Wheatstone  balance,  two  of  the  branches  of  which  had  constant 
resistances  of  ten  ohms  each,  while  of  the  other  two  one  had  a 
constant  of  three  ohms,  and  the  other  contained  the  tasimeter 
which  was  adjusted  bv  means  of  the  screw  to  three  ohms. 
When  thus  balanced  if  the  strip  of  vulcanized  rubber  placed 
between  the  fixed  point  and  the  carbon  button  (seen  in  fig.  2) 

'*'  Read,  by  permission  of  Dr.  Draper,  at  the  St  Louis  meeting  of  the  American 
Aatfooiation. 
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was  exposed  to  heat  from  any  source,  it  expanded,  producing 
pressure  upon  the  carbon  button,  decreasing  its  resistance  and 
destroying  the  balance ;   a  current  was  thus  allowed  to  pass 


through  the  bridge  wire  containing  the  galvanometer,  the 
amount  of  this  current  of  course  being  proportional  to  the 
expansion  of  the  rubber  and  to  the  strength  of  the  battery. 

The  form  of  instrument  here  described  was  only  finished  two 
days  before  leaving  for  the  west ;  hence  I  was  unable  to  test  it 
However,  I  set  it  up  upon  ray  arrival  at  Rawlins,  but  found 
that  it  was  a  very  diflScult  matter  to  balance  so  delicate  an  instru- 
ment as  a  reflecting  galvanometer  with  one  cell  of  a  battery, 
through  such  small  resistancea  In  fact,  I  did  not  succeed  in 
balancing  it  at  all  in  the  usual  way.  Nor  could  it  be  balanced 
in  any  way  until  I  devised  a  method  which  I  may  designate 
*' fractional  balancing,''  when  it  became  very  easy  to  accomplish 
the  result  and  also  to  increase  the  effect  by  using  two  cells  in 

f)Iace  of  a  single  one.  This  device  consisted  of  a  rheostat 
ormed  of  two  rows  of  pins.  The  rows  were  about  one-half  an 
inch  apart  A  wire  was  connected  from  a  pin  on  one  row  to  a 
pin  on  the  other  row  and  so  on,  so  that  the  cunent  had  to  pass 
through  the  whole  length  of  the  wire,  which  was  No.  24  gauge 
and  four  feet  long.  This  was  used  as  a  shunt  around  the  gal- 
vanometer. A  copper  wire  connecting  all  the  pins  of  one  row 
served  to  reduce  the  resistance  to  zero.  When  the  galva- 
nometer was  then  shunted,  a  very  feeble  current  passed  through 
it  If  the  spot  of  light  was  not  at  zero  it  was  brought  there  by 
either  increasing  or  decreasing  the  pressure  upon  the  vulcanite 
of  the  tasimeter  by  the  adjusting  nut  When  thus  brought  to 
zero  the  copper  wire  of  the  shunt  rheostat  was  taken  off  of  one 
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pin,  thus  increasing  the  resistance  of  the  shunt  perhaps  to  one- 
fiftieth  of  an  ohm.  The  spot  of  light  was  generally  deflected 
nearly  off  of  the  scale.  The  light  was  again  brought  to  zero 
by  varying  the  resistance  of  the  tasimeter,  and  another  one-half 
inch  of  wire  included  in  the  shunt,  another  deflection  and 
another  balance  was  obtained  by  the  tasimeter.  Thus  by 
gradually  increasing  the  delicacy  of  the  galvanometer  by  in- 
creasing the  resistance  of  the  shunt  and  balancing  at  every 
increase,  the  whole  of  the  current  was  allowed  to  pass  through 
the  galvanometer  and  the  shunt  taken  off.  When  this  point 
was  reached  the  damping  magnet  or  director  was  in  close  prox- 
imity to  the  case  of  the  galvanometer.  To  increase  its  delicacy 
to  the  fullest  extent  it  became  necessary  to  raise  the  director  to 
the  top  of  the  rod.  This  was  done  by  raising  it  cautiously  a 
quarter  of  an  inch  at  a  time,  bringing  the  spot  of  light  to  zero 
each  time  by  the  tasimeter. 

In  order  to  form  some  idea  of  the  delicacy  of  the  apparatus 
when  thus  adjusted,  a  preliminary  experiment  was  made  on  the 
evening  of  the  27th,  with  the  star  Arcturua  The  tasimeter 
being  attached  to  the  telescope,  the  image  of  the  star  was 
brought  on  the  vulcanized  rubber.  The  spot  of  light  from  the 
galvanometer  moved  to  the  side  of  heat  After  some  minor 
adjustments,  five  uniform  and  successive  deflections  were 
obtained  with  the  instrument,  as  the  light  of  the  star  was  allowed 
to  fall  on  the  vulcanite  to  produce  the  deflection,  or  was  screened 
off  to  allow  of  a  return  to  zero. 

It  was  in  this  condition  when  the  eclipse  occurred.  The  tasi- 
meter was  placed  in  a  double  tin  case,  with  water  at  the  tem- 
perature of  the  air  between  each  case.  This  case  was  secured 
to  a  Dollond  telescope  of  four  inches  aperture.  No  eye-piece 
was  used.  At  the  moment  of  totality  the  spot  of  light  was 
slowly  passing  towards  cold.  When  1  withdrew  a  tin  screen 
and  allowed  the  edge  of  the  luminous  corona  to  fall  upon  the 
rubber,  the  spot  of  light  stopped,  went  gradually  off  of  the  scale 
towards  heat,  its  velocity  accelerating  as  it  approached  the  end. 

The  time  required  for  the  light  to  leave  the  scale  was  from 
four  to  five  seconds. 

I  interposed  the  screen  and  endeavored  to  bring  the  light 
back  to  zero,  but  I  was  unsuccessful.  Had  I  known  that  the 
heat  was  so  great  I  should  have  used  a  platinum  strip  in  place 
of  the  vulcanite,  and  decreased  the  delicacy  of  the  galvanometer 
by  the  approach  of  the  damping  magnet  I  then  should  doubt- 
less have  succeeded  in  getting  two  or  more  readings,  and  after- 
wards by  comparison  with  bodies  of  known  temperature  should 
have  obtained  a  near  approach  to  the  temperature  of  the  sun's 
corona. 

Respectfully  vours,  Thomas  A.  Edison. 

Ifenk)  Park,  K.  J.,  August  15,  1878. 
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Abt.  VI. — Description  of  a  Paper  Dome  for  an  Astronomical 
Observatory ;  by  Professor  Dascom  Greene,  Troy,  N.  Y. 

An  astronomical  observatory  has  recently  been  erected  for 
the  Rensselaer  Polytechnic  Institute,  through  the  liberality  of 
Mr.  K  Proudfit  of  this  city.  In  maturing  tne  plans,  and  super- 
vising the  erection  of  the  building,  I  have  introduced  an 
improved  method  of  constructing  revolving  domes,  a  brief 
account  of  which  may  not  be  without  interest. 

While  making  the  preliminary  inquiries,  I  ascertained  that 
a  dome  of  the  dimensions  required,  constructed  in  any  of  the 
methods  in  common  use,  would  weigh  from  five  to  ten  tons, 
and  require  the  aid  of  cumbersome  machinery  to  revolve  it. 
It  therefore  occurred  to  me  to  obviate  this  objection  by  mak- 
ing the  frame-work  of  wood,  of  the  greatest  lightness  consist- 
ent with  the  requisite  strength,  and  covering  it  with  paper  of  a 
quality  similar  to  that  used  in  the  manufacture  of  paper  boats; 
the  principal  advantages  in  the  use  of  these  materials  being 
that  they  admit  of  great  perfection  of  form  and  finish,  and  give 
extreme  lightness,  strength,  and  stiffness  in  the  structure, — 
prime  qualities  in  a  movable  dome.  A  contract  was  accord- 
iDgly  made  with  Messrs.  E.  Waters  &  Sons,  of  this  city,  the 
well-known  builders  of  paper  boats,  for  the  construction  of  the 
dome,  and  they  have  carried  out  the  undertaking  with  great 
skill  and  succesa 

The  dome  is  a  hemisphere  with  an  outside  diameter  of 
twenty-nine  feet  The  frame-work  consists  primarily  of  a  cir- 
cular sill  which  forms  the  base,  and  two  semicircular  arch  gird- 
ers set  parallel  to  each  other,  four  feet  apart  in  the  clear,  and 
spanning  the  entire  dome.  These  are  firmly  attached  to  the 
sill  and  kept  in  a  vertical  position  by  means  of  knee-braces. 
The  sill  and  girders  are  of  seasoned  pine,  the  former  being 
8i  inches  wide  by  3J  thick,  and  the  latter  each  4^  by  3 
inches- 

The  paper  covering  of  the  dome  is  made  in  sixteen  equal 
sections,  such  that  when  set  up  side  by  side,  their  bases  on 
the  sill,  and  their  extremities  meeting  at  the  top,  they  form 
a  complete  hemispherical  surface.  The  frame-work  of  each 
section  consists  of  three  vertical  ribs  of  pine  each  8f  inches 
in  width  and  f  of  an  inch  thick,  one  at  each  side  and  one 
midway  between,  and  meeting  at  the  apex.  The  paper  was 
stretched  over  this  frame- work  as  follows: 

A  wooden  model  of  full  size  being  made  of  that  portion 
of  the  dome  included  within  one  of  the  sections,  with  a  sur- 
face truly  spherical,  the  frame-work  of  a  section  was  placed 
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in  its  proper  position  on  the  model,  so  that  its  outer  ed^es 
formed  part  of  the  same  spherical  surface,  and  covered  with 
shellac  where  it  was  to  be  in  contact  with  the  paper.  The 
sheet  of  paper  cut  in  the  proper  form  was  then  laid  on  the 
model  while  moist,  the  edges  turned  down  over  the  side  ribs, 
and  the  whole  placed  in  a  hot  chamber  and  left  until  thoroughly 
dry.  In  this  way  the  several  sections  were  dried  off  in  succes- 
sion over  the  same  model.  The  paper  used  is  of  a  very  supe- 
rior quality,  manufactured  expressly  for  the  purpose  by  Messrs. 
Crane  Brothers,  of  Westfield,  Mass.  Its  thickness  after  dry- 
ing is  about  one-sixth  of  an  inch,  and  it  has  a  structure  as  com- 
pact as  that  of  the  hardest  wood,  which  it  greatly  excels  in 
strength,  toughness  and  freedom  from  any  liability  to  fracture. 

After  being  thoroughly  painted,  the  several  sections  were 
ready  to  be  set  up  side  by  side  on  the  sill  and  connected 
together  by  bolting  through  the  adjacent  ribs.  The  space 
between  the  arch  girders  being  left  uncovered  on  one  side  irom 
the  sill  to  a  distance  of  two  feet  beyond  the  zenith,  the  upper 
ends  of  the  sections  required  to  be  cut  off  and  accurately  fitted 
to  the  girders.  The  joints  between  sections  were  made  weather 
proof  by  inserting  a  double  thickness  of  heavy  cotton  cloth 
saturated  with  white  lead  paint.  The  adjacent  side  ribs  were 
then  bolted  firmly  together  through  the  paper  and  cloth,  the 
lower  ends  attached  to  the  sill  by  angle  irons,  the  upper  ends 
bolted  to  the  girders,  and  the  lower  edge  of  the  paper  turned 
under  the  sill  and  securely  nailed.  The  joints  were  afterwards 
painted  over  on  the  outsida  As  the  entire  surface  exposed  is 
free  from  nail  holes  or  other  abrasions  in  the  paper,  the  struc- 
ture promises  with  an  occasional  coat  of  paint  to  last  for  many 
yeai's,  and  to  form  an  effective  and  serviceable  roof. 

The  4-feet  opening  between  the  arch  girders  is  covered  by  a 
shutter  which  is  also  of  paper  stretched  over  a  wooden  frame. 
With  the  exception  of  about  two  feet  at  the  flower  extremity, 
this  shutter  is  m  a  single  piece.  Attached  to  its  sides  are  a 
series  of  iron  rollers  which  run  on  a  railway  track  of  band  iron 
laid  down  on  the  girders,  by  which  means  the  shutter  can  be 
moved  over  to  the  opposite  side  of  the  dome.  The  wooden 
sides  of  the  shutter  have  iron  flanges  attached  to  their  lower 
edges,  which  project  under  the  railway  tracks,  making  the 
whole  weather  proof.  The  shutter  is  opened  and  closed  by 
means  of  a  windlass  and  wire  rope. 

The  weight  of  the  dome  and  its  appurtenances  is  about  4,000 
pounds.  It  is  supported  on  six  8-inch  balls  which  roll  between 
grooved  iron  tracks,  and  can  be  easily  revolved  by  a  moderate 
pressure  applied  directly,  without  the  aid  of  machinery. 
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Art.  VII. — On  the  Age  of  the  Clay  slates  and  Orils  of  Pough- 
keepsie;*  by  T.  Nelson  Dale,  Jr. 

In  Mather's  geological  sections  of  the  Hudson  Eiver  valleyf 
the  alternating  argillaceous  schists,  slates  and  grits,  on  both 
sides  of  the  river,  in  the  vicinity  of  Poughkeepsie  are  assigned 
to  the  Hudson  River  Group.  This  term  was  originally  intended 
to  include  the  series  between  the  Utica  Slate  below  and  the 
Medina  Sandstone  above.  These  rocks  would  thus  represent 
the  uppermost  North  American  Lower  Silurian. 

In  the  geological  map  drawn  by  Logan  and  Hall,  and 
appended  to  the  Report  of  the  Canadian  Geological  Survey, 
the  rocks  for  some  miles  on  both  sides  of  the  Hudson  River, 
south  of  Rondout  on  the  west  side  and  of  Rhinebeck  on  the 
east  side,  and  extending  southward  beyond  Poughkeepsie, 
are  designated  as  Calciferous  and  Quebec.  They  are  thus 
referred  to  the  middle  division  of  the  North  American  Lower 
Silurian. 

Dana,  referring  to  this  subject,  observes  in  his  Manual  of 
Geology,  ed.  1874,  on  page  184 :  *'  The  extension  of  the  Que- 
bec group  southward,  along  the  west  side  of  the  Green  Moun- 
tain range,  covers,  according  to  Logan,  a  considerable  part  of 
New  York  east  of  the  Hudson,  the  rock  being  part  of  the  non- 
fossil  if  erous  clay -slate  (formerly  called  Hudson  River  slate) 
which  outcrops  near  Poughkeepsie,  etc.  The  area  is  divided 
on  the  west  from  that  of  the  true  fossiliferous  Hudson  River 
beds  (or  Cincinnati  series,  as  now  called),  by  a  great  fault,  which, 
beginning  near  Quebec,  crosses  the  Hu(5son  near  Rhinebeck, 
fifteen  miles  north  of  Poughkeepsie.  As  these  rocks  have 
afforded  no  fossils,  the  age  is  still  doubtful."  Again  on  page 
196  of  the  same  work,  he  says,  under  the  head  of  Cincinnati 
Epoch:  "In  New  York,  the  Hudson  River  beds  include  shales 
and  sandstones.  They  are  the  Lorraine  shales  of  Jefferson 
County  (the  Pulaski  shales  of  the  New  York  Annual  Reports), 
containing  some  thin  beds  of  limestone.  The  slates  along  the 
Hudson  River,  to  which  the  name  was  especially  applied,  have 
been  proved  to  be  in  part  Primordial,  and  part,  probably  of  the 
Quebec  series." 

These  rocks  have  therefore  been  first  assigned  to  the  Trenton 
Period,  then  to  the  Canadian  Period  and  afterwards  declared 

*A  paper  oontaioing  the  substanoe  of  this  article,  hi  a  different  form,  and  enti- 
tled "  A  contribution  to  the  Paleontology  of  the  vicinity  of  Poughkeepsie, "  was 
read  by  the  author  before  the  Poughkeepsie  Society  of  Natural  Science  on  Decem- 
ber 4th,  1878,  and  is  being  published  in  the  Proceedings  of  that  Society. 

f  Xat  Hist,  of  N.  Y.,  Part  IV,  Geology,  by  WilUam  W.  Mather;  Plates  16,  18, 
34,46 
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unfossiliferous,  and  thus  a  question  has  been  raised  as  to  their 
real  age. 

In  the  spring  of  1878, 1  discovered  in  a  ledge  of  argillaceous 
schist,  back  of  the  observatory  of  Vassar  College,  and  a  few 
rods  beyond  the  college  fence,  some  fossil  Brachiopoda. 
Shortly  afterward  I  found  others,  together  with  Crinoid  stems, 
at  the  first  ledge  of  glaciated  rock  on  the  Stormville  road,  be- 
tween Casper  Creek  and  the  first  limestone  ridge.  Again  in 
November  and  December  of  the  same.year,  in  ascending  the 
first  range  of  high  hills  which  rises  about  a  mile  west  of  the 
Hudson*  opposite  Poughkeepsie,  I  came  across  a  large  outcrop 
of  argillaceous  schist,  containing  an  abundance  of  Brachiopoda 
and  Crinoid  stems.  After  it  had  become  known  that  fossils 
were  to  be  found  in  the  vicinity  of  Vnssar  College,  several  of 
the  students  found  some,  and  Mr.  H.  Booth  of  Poughkeepsie, 
collected  a  number  of  Brachiopoda  and  Crinoid  stems  at  the 
ledge  back  of  the  observatory.  On  another  visit  to  the  locality 
on  the  base  of  Marlborough  Mountain,  I  found  a  univalve  shell 
and  Fucoids. 

I  am  indebted  to  Mr.  James  Hall,  the  State  Paleontologist, 
for  the  identification  of  the  fossils  from  these  localities.  They 
are :  Orthis  testudinaria  Dalm. ;  Orthis  pectin**lla  Con.;  Lepicena 
sericea  Sow. ;  iStrophomena  alkrnaia  Con. ;  BuUiotrephis  subno- 
dosa  Hall. 

The  cast  of  the  univalve  hardly  admits  of  perfect  determina- 
tion, but  it  strongly  resembles  that  of  Belleropkoji  hilobalus. 
The  Crinoid  stems  measure  from  one  to  three  millimeters  in 
diameter.  There  are  from  thirty-five  to  forty  grooves  on  the 
ends,  radiating  from  the  central  tube  to  the  circumference. 
The  surface  is  round  and  smooth.  Casts  of  the  central  tube, 
and  of  the  spaces  between  the  joints  are  preserved,  and  might 
easily  be  mistaken  for  stems  with  annular  corrugations  on  the 
exterior. 

In  some  parts  of  the  rock,  Crinoids  are  very  abundant,  in 
others  Orihh  iesiudinaria  forms  a  conglomerate.  Leptcena  seri- 
cea, Orthis  iesttulmaria  and  the  Crinoid  stems  are  characteristic 
of  both  the  Vassar  College  locality  and  of  that  on  the  west  of  the 
Hudson.  The  Brachiopoda  are  represented  by  internal  casts, 
impressions  of  both  exterior  and  interior,  and  by  the  sh<*ll  itself 
in  a  greatly  altered  state.  Sometimes  the  calcareous  shell  is 
preserved  with  but  little  alteration.  The  more  minute  striae  of 
Leptctna  sericea  can  be  counted  in  some  specimens.  Nearly  all 
the  fossils  are  more  or  less  distorted.  The  general  character  of 
the  rock  is  the  same  on  both  sides  of  the  river.  There  are 
irregular  alternations  of  grit,  clay  slate  and  shale,  in  some  places, 

*  I  take  this  hill  to  be  a  contiiiaation  of  what  Mather  calls  Marlborough  Moun- 
tains. 
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with  thin  strata  of  limestone.     The  grit  is  sometimes  slightly 
calcareous. 

The  geological  significance  of  these  fossils  is  evident.  I 
quote,  however,  from  Hall  :*  '*  Orthis  testudinaria :  This  species 
rarely,  or  never,  appears  in  the  Utica  slate,  but  reappears  near 
the  middle  of  the  Hudson  River  shales,  and  continues  nearly 
to  their  termination,  being  abundant  at  Turin,  Lorraine,  Pu- 
laski, and  other  places.  Tt  is  more  rarely  found  in  the  vicinity 
of  the  Hudson  River  and  in  the  Mohawk  valley."  p.  288.  "Or- 
this p*^tinplla :  This  species,  though  not  usually  abundant,  occurs 
nevertheless  in  nearly  every  part  of  the  Trenton  limestone, 
though  unknown  to  me  in  the  Hudson  River  group."  p.  123. 
"  Lepioma  sericea :  The  thin  layers  in  the  lower  part  of  the  Tren- 
ton limestone  are  often  entirely  covered  with  the  perfect  shells  or 
separated  valves  of  this  species.  It  occurs  in  all  localities  of  the 
Trenton  limestone.  It  also  reappears  in  the  Hudson  River 
group,  being  in  some  localities  very  abundant."  p.  110. 
"  iStrophoTnena  alt^maia :  This  is  one  of  the  species,  which,  com- 
mencing its  existence  prior  to  or  at  the  epoch  of  Trenton  lime- 
stone, continues  in  great  numbers  throughout  the  rock,  and, 
though  not  appearing  in  the  Utica  slate,  reappears  in  the  Hud- 
son River  group  in  immense  numbers,  several  thin  strata  in  the 
upf>er  part  of  this  group  being  composed  almost  entirelv  of  the 
shells  of  this  specres."  p.  105.  The  occurrence  of  these  fossils  in 
these  localities  would  then  establish  the  fact  that  the  clay -slates 
and  shales  in  the  vicinity  of  Poughkeepsie,  on  both  sides  of  the 
nver,  are  fossiliferous  and  that  they  very  probably  belong 
to  the  Hudson  River  group,  as  indicated  by  Mather  in  l-'43, 
certainly  to  some  meml)er  of  the  Trenton  Period.  These  facts 
also  speak  in  favor  of  the  retention  of  the  term  Hudson  River 
group  as  advocated  by  Hall.f 
Poughkeepsie,  N.  Y.,  Dec.  12,  1878. 

Supplementary  Note, — A  visit  to  Marlborough  on  the  west 
bank  of  the  Hudson  River,  about  eight  miles  south  of  Pough- 
keepsie, has  just  yielded  the  following  results.  In  an  outcrop 
of  argillaceous  schist  near  the  river:  Orthis  tesiudinaria,  Orthis 
pectineUa^  Leptcena  sericea  and  Crinoid  stems  In  a  slightly  cal- 
careous grit  at  the  southern  extremity  of  Marlborough  Moun- 
tain, there  called  Break-neck  Hill,  about  three  miles  west  of 
the  river  at  this  point :  Orthis  testudinaria. 
Poughkeepaie,  N.  Y.,  Dea  16,  1878. 

*Nat  Hist,  of  N.  Y.  Paleontology,  vol.  1. 

f  See  Note  upon  the  Higtory  and  Value  of  the  term  Hudson  River  group  in 
American  Geological  Nomenclature,  by  James  Hall,  of  Albany,  N.  Y.,  in  Pr»3- 
ceedings  of  the  Amer.  Ashoc.  Adv.  Sd.,  1877.    This  Journal,  vol.  zvi,  p.  482. 
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Art.  YIIL — On  the  Electrolytic  Estimation  of  Cadmium;   bv 
Edgar  F.  Smith,  Ph.D. 

In  a  recent  article  published  in  this  Journal  (vol.  xvi,  Sept, 
1878),  Professor  F.  W.  Clarke  calls  attention  to  the  estimation 
of  cadmium  by  electrolysis,  which,  however,  proved  unsuccess- 
ful— the  cadmium  being  indeed  thrown  out  of  the  solution,  but 
in  such  a  form  as  to  enclose  impurities;  yielding  consequently 
unsatisfactory  results. 

Out  of  curiosit}''  to  see  what  might  be  effected  by  substitut- 
ing some  other  salt  for  the  chloride,  I  employed  an  acetate  solu- 
tion and  met  with  success,  as  the  following  experiments  show: 

I.  '1450  grams  cadmium  oxide  were  dissolved  in  acetic  acid, 
the  excess  of  the  latter  evaporated  upon  a  water  bath  and  then 
the  platinum  crucible  about  half  filled  with  water  and  placed 
upon  a  copper  ring  connected  with  the  negative  pole  of  a  two- 
cell  Bunsen  battery,  while  joined  to  the  wire  leading  from  the 
positive  pole  was  a  strip  of  platinum  foil  extending  into  the 
acetate  solution.  The  deposition  of  the  cadmium  upon  the  pla- 
tinum crucible  was  regular  and  in  a  perfectly  crystalline  gray- 
ish white  layer.  In  about  three  hours  the  separation. was  com- 
plete. The  cadmium  was  first  washed  with  distilled  water, 
then  with  alcohol,  and  finally  with  ether.  It  was  dried  over 
sulphuric  acid.  The  metallic  cadmium  weighed  '1270  grams, 
corresponding  to  87*58  per  cent  Cd.  The  calculated  percent- 
age of  metal  in  the  oxide  is  87  50. 

II.  '2046  grams  cadmium  oxide  placed  in  a  small,  rather 
broad  platinum  crucible,  were  dissolved  in  acetic  acid,  and  after 
expelling  the  excess  of  the  latter,  water  was  added — the  solu- 
tion, however,  remaining  rather  concentrated.  The  platinum 
vessel  was  connected  with  the  negative  pole  of  a  bichromate 
battery.  To  the  copper  wire  of  the  positive  pole  was  attached 
a  platinum  wire  from  which  was  suspended  a  small  platinum 
crucible,  which  dipped  into  the  solution  in  the  larger  vessel. 
The  space  between  the  walls  of  the  two  crucibles  was  not  more 
than  an  eighth  of  an  incn  ;  only  two  cells  of  the  battery  were 
employed.  The  deposit  of  the  cadmium  here  as  in  the  first 
experiment  was  perlectly  crystalline  and  metallic  in  appearance. 
Not  the  slightest  trace  of  spongy  metal  was  visible.  Tlie  sep- 
aration was  finished  in  about  the  same  time  as  in  (I).  The 
metal  was  washed  and  dried  as  above.  Found  '1790  grams 
metal,  corresponding  to  8748  per  cent  Cd. 

From  various  experiments  made  by  me  I  find  that  good 
results  may  be  obtained  constantly  by  observing  the  following: 
1st.  Work  with  rather  concentrated  solutions  of  the  acetate. 
2d.  Employ  a  suflBcient  number  of  cells  of  either  battery,  to 
give  a  rapid  and  rather  energetic  current. 

Laboratory  of  the  University  of  Pennsylvania,  October  31,  1878. 
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SCIENTIFIC    INTELLIGENCE. 

L  Chemistky  and  Physics. 

1.  On  the  New  Element^  Philippium,  —  Delafontaine  has 
announced  the  discovery  of  a  new  element,  in  the  earths  obtained 
from  the  mineral  samarskite,  to  which  he  has  given  the  name 
philippivm^  after  Philippe  Plantamour  of  Geneva.  The  oxide 
of  the  new  metal,  philippia,  having  the  symbol  PpO,  is  yellow 
and  has  a  color  and  a  molecular  weight  intermediate  between 
yttria  and  terbia.  Admitting  it  to  be  a  protoxide,  the  atomic 
weight  of  the  metal  would  be  between  90  and  95.  Philippium 
formate  crystallizes  easily  in  small  brilliant  rhomboidal  prisms  less 
soluble  than  yttrium  formate.  The  oxalate  is  more  soluble  in 
nitric  acid  than  the  terbium  salt,  less  so  than  that  of  yttrium. 
The  nitrate  becomes  dark  yellow  on  heating  it  to  fusion,  the  tei^ 
bium  and  yttrium  salts  remain  colorless.  Concentrated  solutions 
of  philippium  show  a  spectrum  containing  a  magnificent  absorp- 
tion band  in  the  blue-indigo  (A =4500  about)  intense,  broad,  and 
well  defined,  which  is  characteristic  of  it,  not  being  found  in  the 
spectra  of  terbium,  yttrium  or  erbium.  Two  other  narrower 
bands  appear  in  the  green,  the  more  refrangible  of  which  appears 
to  belong  to  erbium,  the  less  to  philippium.  Observing  the  spec- 
trum of  terbium  solutions  with  sunlight  and  through  blue  glass, 
a  weak  band  was  observed  in  the  violet  (A=4000  to  4050  about) 
only  half  as  broad  as  the  philippium  band.  The  author  questions 
whether  it  really  belongs  to  terbium  as  Soret  supposes,  or  to  a 
new  element,  between  terbium  and  erbium. —  (7.  R,^  Ixxxvii,  559, 
Oct.,  1878.  G.  P.  B. 

2.  On  the  Neva  Element^  Decipivm. — Delafontaink  has  reported 
the  discovery  of  a  second  new  element  in  the  mineral  samarskite 
from  North  Carolina,  to  which  he  gives  the  name  decipium,  from 
decipiens,  deceiving.  The  oxide,  if  the  formula  DpO  be  assigned 
to  it,  has  a  molecular  weight  of  122;  it  has  not  been  obtained 
sufficiently  free  from  didymium  oxide  to  enable  the  author  to  say 
that  it  is  white,  though  its  salts  are  colorless,  the  acetate  crystal- 
lizes easily,  being  less  soluble  than  that  of  didymium  but  more  s<» 
than  that  of  terbium.  Potansio-decipium  sulphate  is  but  slightly 
soluble  in  a  saturated  solution  of  potassium  sulphate,  though  it 
dissolves  easily  in  water.  The  nitrate  gives  an  absorption  spec- 
trum consisting  of  at  least  three  bands,  in  the  blue  and  the  in- 
digo. The  most  refrangible  of  these  is  a  little  less  broad  than 
that  of  philippium,  is  dark,  and  corresponds  in  its  center  to  a 
wave  length  near  4160,  being  about  half  way  between  G  and  H. 
Neither  didymium  nor  terbium  gives  bands  in  this  region.  The 
second  band  is  narrow,  intense,  not  defined  on  its  edges,  and  is 
in  the  less  refrangible  part  of  the  blue,  corresponding  to  a  wave 
lencrth  of  4780;  nearly  in  the  same  place  as  one  of  the  didymium 
bands,  but  far  more  intense.     Finally  a  little  to  the  right  and 
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nearly  to  the  limit  of  the  blue  and  green  is  an  appearance  of  the 
third.  The  earths  of  samarskite  as  now  known  are  given  by  the 
author  in  the  following  tabular  form : 

Name.  Color.  Molec.  weight.  Ware  lengtb  of  Chanc.  band. 

Tttria  White  YO   =74*6  (Delafontaine)  None. 

Erbia  Rose  KrO  =130  (Bunsen-a^Te)  520-522 

Terbia  Orange  TbO  =  114-115   (Delafontaine- Marignac)  400  about 

Philippia  Yellow  PpO  =90  about  ( Delafontaine)  449  about 

Dedpia  White?  DpO  =122  about  (Delafontaine)  416 

Thoria  White  ThO«=267-6        (Delafontaine)  None. 

Didymia  Brownish  DiO  =112-114    (Marignac-Cldve)  572-577 

Oeria  Pale  yellow 

He  also  calls  attention  to  the  numerical  relations  between 
the  atomic  weights,  thus:  Yttrium  =  68;  Philippiura  =  74  or 
58+2X8;  Terbium  98  or  68+6X8;  Decipium  106  ?  or  58+6X8  ; 
and  Erbium=114  or  68+7X8.— C.i?.,  Ixxxvii,  633,  Oct,  1878. 

O.    F.    B 

3.  On  the  New  Element^  Mosandrum,* — At  a  recent  meeting  of 
the  French  Academy  (November  25th,  1878),  a  note  by  Dr.  J. 
Lawrence  Smith  was  presented,  in  which  he  claimed  for  himself 
priority  in  having  been  the  first  to  call  attention  to  the  absence  of 
cerium  oxide,  and  to  the  new  characters  of  certain  earths,  in  the 
North  Carolina  samarskitej  and  to  have  described  one  of  these 
under  the  name  Mosandrum. 

4.  On  the  New  Elementy  Ytterbium, — Marionag  has  described 
some  of  the  compounds  of  a  new  element,  found  in  the  Ytterby 
mineral  eadolinite ;  it  is  associated  with  yttrium  and  erbium,  and 
hence  called  by  him  ytterbium.  In  separating  the  earths  of  this 
mineral,  he  heated  the  mixed  nitrates  until  thev  became  pasty.  On 
treating  the  mass  with  boiling  water,  an  insoluble  residue  remained, 
in  which  the  erbium  was  concentrated.  By  repeat  ing  the  operation 
many  times,  a  pure  rose  colored  earth  was  obtained,  which  was 
erbia,  the  atomic  weight  rising  to  that  of  erbium,  128  or  129. 
On  continuing  the  oi)eration,  he  was  surprised  to  find  that  the  in- 
crease of  the  rose  color,  of  the  absorption  bands  and  of  the  atomic 
weight  which  at  first  kept  together,  finally  separated ;  the  atomic 
weight  slowly  increasing,  while  the  rose  color  and  the  bands  dimin- 
ished ;  so  that  the  last  product  was  perfectly  white,  its  salts  were 
colorless  and  its  spectrum  showed  no  absorption  bands.  The 
purest  product  gave  an  atomic  weight  of  130*8  ;  hence  131  may  be 
provisionally  adopted.  Ytterbium  nitrate  is  decomposed  by  heat 
without  coloration,  the  oxide  is  much  less  attackable  by  acids  than 
the  other  oxides  of  this  group,  the  sulphate  is  isomorphous  with 
those  of  yttrium  and  erbium,  redissolves  easily  and  completely  in 
a  saturated  solution  of  potassium  sulphate,  no  precipitate  beins 
formed  on  boUing,  the  chloride  in  neutral  solution  is  not  precipitated 
by  boiling  with  sodium  hyposulphite,  the  formate  dissolves  in  less 
than  its  weight  of  water  and  resembles  the  same  salt  of  yttrium 
and  erbium,  and  loses  its  crystal  water  at  100°.  These  properties 
distinguish  it  from,  thorium,  the  only  element  of  this  kind  Known 

♦  This  Journal,  xvi,  384,  November,  1878. 
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whose  atomic  weight  is  high.    Its  symbol  is  Yb. — 0.  i2.,  Ixxxvii, 
678,  Oct.,  1878.  G.  f.  r 

b.  On  a  Simple  Vapor  density  Method. — Victor  Mbtbb  has 
proposed  a  very  simple  mode  of  approximate  vapor  density  de- 
termination, dependent  on  the  measurement  of  the  air  expelled 
by  the  vapor.  He  uses  an  elongated  cylinder  of  about  lOo  c.  c. 
capacity,  closed  at  bottom  and  having  a  tube  of  some  len^h 
attached  at  top,  in  the  side  of  which  is  a  lateral  tube  by  which 
the  air  may  be  conducted  to  a  graduated  tube.  The  vertical  tube 
is  to  be  closed  with  a  cork.  To  use  it,  the  apparatus  is  placed  in 
the  vapor  of  a  liquid  of  sufficiently  high  boiling  point,  or  even  in 
a  metallic  bath.  After  the  temperature  has  become  constant  and 
the  air  in  the  cylinder  has  finished  expanding,  the  end  of  the 
lateral  delivery  tube  is  placed  beneath  a  graduated  tube  full  of 
water,  the  cork  is  removed,  the  substance  dropped  through  the 
tube  into  the  cylinder,  and  the  vessel  closed.  The  substance 
volatilizes  at  once  and  expels  its  own  volume  of  air  from  the  ves- 
sel, which  is  collected  and  measured  in  the  graduated  tube. 
Neither  the  capacity  of  the  vessel  nor  the  temperature  of  the 
bath  are  needed  in  the  calculation.  This  requires  only  the 
weiffht  of  the  substance,  the  temperature  of  the  room,  the  height 
of  the  barometer  and  the  volume  of  air  expelled.  The  results 
are  close  enough  for  molecular  weight  determinations,  as  the  fig- 
ures given  show. — Ber,  Berk  Chem.  Ge8.y  xi,  1867,  Nov.,  1878. 

6.    F.    B. 

6.  On  the  /Separation  of  Zinc  from  Nickel, — Bbilstbin  has 
proposed  the  use  of  citric  acid  in  the  analytical  separation  of 
nickel  from  zinc,  having  found  that  in  presence  of  citric  acid  and 
citrates,  zinc  is  completely  precipitated  by  hydrogen  sulphide, 
while  all  the  nickel  remains  in  the  solution.  The  solution  contain- 
ing the  two  metals,  which  must  be  quite  dilute  and  contain  them 
as  nitrates  or  sulphates,  is  treated  with  ammonia  to  alkaline  reac- 
tion and  is  then  acidulated  with  pure  citric  acid.  Into  the  perfectly 
cold  solution,  hydrogen  sulphide  b  passed  for  five  or  ten  minutes, 
or  until  it  strongly  smells  of  the  ^as,  allowed  to  stand  for  an  half 
hour,  repeating  the  operation  until  the  odor  no  longer  disappears 
on  standing.  The  precipitated  zinc  sulphide  is  allowed  to  stand 
twenty-four  hours  in  the  cold,  is  filtered  off  and  weighed.  The 
filtrate  is  evaporated  to  a  small  bulk  and  from  it  the  nickel  is  pre- 
cipitated electrolytically.  The  separation  is  complete  as  is  shown 
by  the  examples  given. — Ber,  BerL  Chmh,  Ges,y  xi,  1715,  Oct., 
1878.  G.  F.  B. 

7.  On  the  formation  of  Purpnreo^romium  salts. — ^Jorgbnsbn 
has  succeeded,  by  the  oxidation  of  an  ammoniacal  solution  of 
chromous  chloride  CrCl,,  in  producing  a  chloride  of  chloro-pur- 
pureochromium,  the  original  sky-blue  fluid  becoming  of  a  beau- 
tiful red  color.  The  formula  of  the  chloride  of  the  new  compound 
is  Cl,[Gr^NH,),jCl^,  analogous  to  purpureocobalt  chloride,  which 
it  resembles  in  solubility.  From  aqueous  solutions  it  is  com- 
pletely precipitated  by  hydrochloric  acid.     Nitric  acid  produces 
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iu  the  aqneoos  Bolution  a  magnificent  carmine  red  chloro-nitrate 
of  the  composition  Cl,[Cr,(NH^)^J  (NO,)^.  In  the  solutions  of 
this  salt  the  chlorine  is  not  precipitable  by  silver  nitrate.  Fluosi- 
licic  acid  precipitates  a  silico-fluoride  of  chloropnrpureochromium, 
which  under  the  microscope  appears  isomorphous  with  the  corres- 
ponding cobalt  salt.  The  author  has  evidence  of  the  existence  of 
roseo  and  luteo-chromiunL — X  pr,  CA.,  II,  xviii,  248,  Nov.,  1878. 

G.  p.  B. 

8.  On  the  Atomic  weight  of  Iridium, — Seubert  has  re-deter- 
mined with  great  care  the  atomic  weight  of  iridium,  by  igniting 
in  a  current  of  hydrogen,  ammonio-iridium  chloride  and  potassio- 
iridium  chloride.  The  former  gave  as  a  mean  193'377 ;  the  latter 
198-094;  the  mean  of  both  being  193-220,  H  being  0  9976;  or 
taking  H  as  1,  the  atomic  weight  of  iridium  is  192*744. — Ber. 
Berl  Chem.  Qes.^  xi,  1767,  Oct.,  187S.  g.  p.  b. 

9.  Preliminary  Note  upon  the  nature  of  the  Chemical  Ele- 
ments,— Mr.  NoBMAN  LocKYBB  has  addressed  the  following  note 
to  the  French  Academy  of  Sciences: — "  Reasoning  from  analogies 
furnished  by  the  behavior  of  known  compounds,  I  have  proved 
that,  independently  of  calcium,  many  bodies  hitherto  considered 
as  elements,  are  also  compound.'^  Mr.  Lockyer  promises  to  for- 
ward to  the  Academy  the  necessary  proofs  of  his  assertion." — 
Comp.  Rend.^  No.  19,  p.  673,  Nov.,  1878.  j.  t. 

10.  Phenomena  of  Binaural  Audition, — Professor  Thomson,  of 
University  College,  Bristol,  England,  thus  sums  up  the  results  of 
his  investigation  upon  this  subject.  "  (a.)  There  is  an  interference 
in  the  perception  of  sound ;  for  two  simple  tones  capable  of  inter- 
fering are  still  heard  to  interfere  when  o^onducted  separately  to  the 
two  ears,  (b,)  When  two  simple  tones  in  unison  reach  the  ears  in 
opposite  phases,  the  sensation  of  the  sound  is  localized  at  the  back 
of  the  head,  (e.)  The  localization  of  this  acoustic  "  image"  is 
independent  of  the  pitch  of  the  sound,  {d,)  If  the  difference  of 
phase  is  partial,  the  sensation  is  localized  partly  in  the  ears  and 
partly  at  the  back  of  the  head,  (e.)  If  the  difference  of  phase  be 
complete  but  the  intensities  unequal,  the  acoustic  "image"  in- 
stead of  being  at  the  middle  of  the  back  of  the  head,  is  nearer  that 
ear  in  which  the  sound  is  louder.  (/.)  It  is  possible  to  discern 
the  difference  between  two  compound  tones  which  differ  only  in 
the  phase  but  not  in  the  pitch  or  intensity  of  their  component 
partial  tones.  For  when  two  such  compound  tones  are  separately 
brought  to  the  ears  so  that  the  vibrations  of  any  partial  tone  pre- 
sent reach  the  ears  in  opposite  phases,  that  particular  partial  tone 
is  singled  out  and  localized  at  the  back  of  the  head,  {g.)  When 
two  simple  tones  are  led  simply  to  the  ears  no  differential  tone  is 
heard ;  there  is  some  evidence  that  summational  tones  are  heard. 
{h,)  To  binaural  audition  dissonances  are  excessively  disagreeable 
and  ordinary  Consonances  harsh.  (L)  Vibrations  mechanicallv 
conveyed  to  a  point  of  the  parietal  or  occipital  region  of  the  skull 
at  one  side,  are  apparently  heard  in  the  ear  of  the  other  side  of 
the  head." 
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In  hiB  investigation  the  author  made  use  of  a  telephone,  which 
is  thus  seen  to  occupy  a  place  in  acoustic  researches. — PhU, 
Mag.,  Nov.,  1878,  p.  383.  j.  t. 

11.  On  the  Economy  and  Subdivision  of  the  Electric  Light. — 
Professor  Fabmsr  of  the  Torpedo  Station  at  Newport,  has  written 
a  letter  to  the  Salem  Observer,  calling  attention  to  the  fact  that 
the  parlor  of  his  house,  No.  11  Pearl  St.,  was  lighted  every  even- 
ing during  the  month  of  July,  1859,  by  the  electric  light,  and 
that  this  electric  light  was  subdivided,  too.  Since  this  was  nine- 
teen years  ago,  it  was,  he  thinks,  undoubtedly  the  first  private 
dwelling  house  ever  lighted  by  electricity;  a  fact  which  may  be 
a  source  of  pride  to  the  city  of  Salem  some  of  these  days.  As 
we  know  of  no  one  better  qualified  to  give  an  opinion  on  these 
important  questions,  we  give  the  latter  portion  of  Professor 
Farmer's  letter: 

'*  A  galvanic  battery  of  some  three  dozen  six-gallon  jars  was 
placed  m  the  cellar  of  the  house,  and  it  furnished  the  electric  cur- 
rent which  was  conveyed  by  suitable  conducting  wires  to  the 
mantle-piece  of  the  parlor,  where  were  located  two  electric  lamps, 
on  each  end  of  the  mantle-piece— (I  should  not  wonder  if  the  pcrew 
holes  were  there  at  this  day).  Either  lamp  could  be  lighted  at 
pleasure,  or  both  at  once,  by  simply  turning  a  little  button  to  the 
right  for  a  light,  to  the  left  for  a  dark.  No  matches,  no  danger, 
no  care  to  the  household,  nor  to  anyone  except  to  the  man  who 
attended  to  the  battery. 

This  light  was  noticed  as  being  soft,  mild,  agreeable  to  the  eye, 
and  more  delightful  to  read  or  sew  by  than  any  light  ever  seen 
before.  Its  use  was  discontinued,  at  that  time,  for  the  simple  rea- 
son that  the  acids  and  zinc  consumed  in  the  battery  made  the 
light  cost  about  four  times  as  much  as  an  equivalent  amount  of 

fas-light.  Now  that  we  can  have  cheap  electricity  from  the 
ynamo-electric  machine,  we  may  soon  expect  better  tbings  of  it. 
In  the  year  1876  I  subdivided  an  electric  current  into  forty-two 
different  branches,  putting  a  light  into  each  branch.  All  these 
lamps  were  supplied  with  electricity  from  one  machine,  which  did 
not  weigh  more  than  eight  hundred  pounds,  and  which  was  driven 
by  a  small  steam  engine. 

Now  a  word  as  to  the  cost  of  electric  light  as  compared  with 
light  from  gas.     Perhaps  on  the  average,  one  pound  oi  illuminat- 
ing gas  wiU,  if  burned  in  an  hour  in  five  diflx?rent  burners,  give 
fifteen  candle  lights  to  each  burner,  or  seventy-five  candle  lights 
in  all     One  pound  of  illuminating  gas  possesses  a  sufficient  store 
of  energy  to  enable  it  to  give  out  by  combustion,  from  eighteen 
thousand  to  twenty-one  thousand  units  of  heat,  or  the  equivalent 
of  from  thirteen  to  sixteen  million  foot-pounds  of  work.     This,  if 
burned  in  an  hour,  would  average  from  two  hundred  to  two  hun- 
dred and  sixty  thousand  units  of  work  per  minute,  or  say  from 
three  thousand  to  thirty-five  hundred  foot-pounds  per  minute  per 
candle  light. 
Now  a    very  large  electric  light,  say   ten  thousand  candles, 
Ajc.  Joob.  Sci.— Thikd  Sbribs,  Vol.  XVII,  No.  OT.— Jaw.,  1879. 
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does  not  demand  or  consume  more  than  fifteen  or  twenty  foot- 
pounds of  energy  per  minute  per  candle  light,  and  even  so  small 
an  electric  light  as  twenty  or  thirty  candles  need  not  consume  so 
much  as  two  hundred  foot  pounds  per  minute  per  candle  light. 
So  it  might  not  seem  very  extravagant  to  expect  that  one  pound 
of  gas  per  hour  could  he  hurned  in  a  suitable  furnace  under  a 
proper  boiler,  and  steam  be  taken  from  this  boiler  to  a  steam 
engine,  and  this  engine  drive  a  magnetic  electric  machine  which 
should  supply  electricity  to  five  electric  lamps  that  would  shed 
forth  more  Ught  than  could  be  given  by  five  of  the  best  gas  lamps 
known,  each  lamp  consuming  at  the  rate  of  one-fifth  of  a  pound 
of  the  best  illuminating  gas  per  hour ;  and  this  would  not  be  half 
so  absurd  an  expectation  as  it  would  have  been  three  years  ago, 
for  some  visionary  to  have  predicted  that  the  talking  Phonograph 
would  succeed  in  embalming  speech." 
U.  S.  Naval  Torpedo  Station,  Newport,  R.  L,  Oct.  30,  1878. 

II.  Geology  and  Mineralogy. 

1.  Report  of  the  Geological  Survei/  of  the  Fortieth  Parallel, 
Clakencb  King,  Geologist  in  charge:  Volume  I,  Systematic 
Geology,  by  Clarence  King.  804  pp.  4to,  with  28  plates  and  12 
analytical  geological  maps,  and  accompanied  by  a  geological  and 
topographical  atlas.  Submitted  to  the  Chief  of  Engineers,  and 
published  bv  order  of  the  Secretary  of  War,  under  authority  of 
Congress. — The  field  work  of  the  Geological  Survey  of  the  40th 
Parallel  commenced  in  1867,  and  continued  until  1873;  the  no 
less  important  labor  of  studying  the  material  collected,  arran^ng 
for  publication  facts  observed,  and  dniwing  conclusions  from  them 
has  only  been  finally  concluded  during  the  past  year.  The  study  of 
the  geology  of  the  region  explored  was  carried  on  by  Mr.  King  and 
his  associates,  Mr.  Arnold  Hague  and  Mr.  S.  F.  Emmons,  of  the 
mining  districts  by  Mr.  J.  D.  Hague,  and  of  the  botany  by  Mr.  S. 
Watson ;  the  topography  was  in  the  hands  of  Mr.  J.  T.  Gardner. 

The  area  covered  by  their  explorations  forms  a  belt  of  country 
100  miles  wide,  from  north  to  south,  and  extending  from  the 
meridian  104°  west  in  a  direction  a  little  south  of  west  as  far  as 
longitude  120°  west;  it  partly  encloses  the  40th  Parallel,  but  near 
the  eastern  extremity  deviates  a  little  to  the  north  of  the  line. 
Of  thiH  tract  of  country  Mr.  King  says,  in  the  opening  chapter  of 
his  volume  :  "It  has  rarely  fallen  to  the  lot  of  one  set  of  observers 
to  become  intimate  with  so  wide  a  range  of  horizons  and  products. 
Embracing  within  its  area  a  pretty  full  exposure  of  the  earth's 
crust  from  nearly  the  greatest  known  depths  up  through  a  sec^ 
tion  of  125,000  feet,  taking  in  all  the  broader  divisions  of  geologi- 
cal time — a  section  which  has  been  subjected  to  a  great  sequence 
of  mechanical  violence,  and  can  hardly  fail  to  become  classic  for 
its  display  of  the  products  of  eruption — this  Exploration  has 
actually  covered  an  epitome  of  geological  history."  It  should  be 
added  that,  at  the  time  when  Mr.  King's  party  took  the  field,  the 
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region  was  one  which  was  nDmapped,  anstudied,  and  of  which 
nothing  but  a  few  isolated  details  was  known.     The  valne  of  the 
^  work  accomplished  can  be  best  appreciated  when  the  difficulties 
which  had  to  be  overcome  are  understood. 

The  several  volumes  of  the  Survey,  in  their  order  of  publication, 
are  as  follows: — Vol.  iii,  Mining  Industry,  by  James  D.  Hague, 
with  geological  contributions  by  Clarence  King,  1870.  Vol.  v, 
Botany,  by  Sereno  Watson.  Vol.  vi.  Microscopical  Petrography, 
by  Ferdinand  Zirkel,  1876.  Vol.  ii.  Descriptive  Geology,  by 
Arnold  Hague  and  S.  F.  Emmons,  1877.  VoL  iv.  Part  I,  Palaeon- 
tology, by  F.  B.  Meek;  Part  II,  Palaeontology,  by  James  Hall  and 
R.  P.  Whitfield ;  Part  III,  Ornithology,  by  Kobert  Ridgway,  1877. 
Geological  Atlas,  containing  ten  double  maps,  1878.  Vol.  i.  Sys- 
tematic Geology,  by  Clarence  King,  1878. 

The  concluding  volume  in  the  series,  now  published,  presents  a 
systematic  statement  of  the  geological  facts  taken  in  order  of 
geological  time,  collected  by  Mr.  King  and  his  associates,  Messrs. 
Hague  and  £mmous,  with  the  conclusions  which  he  himself  has 
drawn  from  thenL  The  detiiiled  presentation  of  these  facts,  in  their 
geographical  order,  had  already  been  given  in  volume  ii,  on  De- 
scriptive Geology  (noticed  in  this  Journal,  vol.  xvi,  p.  234).  In 
thus  bringingtogether  in  a  single  volume  the  grand  results  of  his 
Survey,  31  r.  King  has  given  much  greater  and  more  permanent 
value  to  the  labors  of  himself  and  his  associates.  The  clear  and 
systematic  manner  in  which  both  the  facts  observed  and  the  the- 
ories advanced  are  presented,  is  worthy  of  high  praise ;  Mr.  King's 
graceful  pen  never  showed  itself  to  better  advantage.  It  is  per- 
haps unnec^essary  to  add  that  the  appearance  of  the  volume  is  all 
that  could  be  desired ;  the  many  plates  are  executed  in  the  best 
manner.  An  especially  valuable  feature  of  the  volume  is  to  be 
found  in  the  series  of  geological  charts,  one  of  which  accompanies 
the  description  of  each  formation  and  gives  the  distribution  of  the 
rocks  belonging  to  it.  In  another  number  we  expect  to  cite  some 
pages  from  the  work,  which  will  show  some  of  the  more  important 
conclusions  reached. 

2.  Tenth  Annual  Report  of  the  United  States  Geological  and 
Geographlral  Snruey  of  the  Territories.  Being  a  Report  of  Pro- 
gress of  the  Exploration  lor  the  year  1876,  by  F.  V.  Haydev,  U. 
S.  Geologist ;  646  pp.  8vo,  with  74  plates  and  3  large  maps. 
Washington,  1878. — This  large  and  valuable  volume  contains,  be- 
sides the  opening  letter  of  the  geologist  in  charge,  the  following 
reports:  Part  I,  by  V.  A.  White,  On  the  geology  of  a  portion  of 
Northwestern  Colorado;  bv  F.  M.  Endlich,  on  the  geology  of  the 
White  River  District,  on  the  Mineralogy  of  Colorado,  and  on  the 
Erupted  rocks  of  Colorado;  by  A.  C.  Peale,  on  the  geology  of  the 
Grand  River  District ;  by  W.  H  Holmes,  on  the  geolopry  of  the 
Sierra  A bajo  and  West  San  Miguel  Mountains;  Part  it,  Topo- 
graphical reports  by  A.  D.  Wilson,  Henry  Gannett,  G.  B.  Chii- 
teuden  and  G.  R.  Bechler:  Part  III,  On  Archaeology  and  Ethnol- 
ogy by  W.  M.  Holmes,  W.  H.  Jackson  and  W.  J.  Hoffman ;  and 
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Part  IV,  On  Cretaceous  and  Tertiary  plants  bj^Leo  Lesquereux ; 
On  injurious  Insects  by  A.  S.  Packard,  Jr.  The  Archaeological 
reports  contain  detailed  descriptions  of  the  ancient  ruins  in  South- 
western Colorado  and  adjacent  territories.  A  large  number  of 
excellent  plates,  illustrating  both  the  distribution  and  character 
of  the  cliff  houses,  and  also  the  remains  of  pottery  and  other 
implements  found  in  connection  with  them,  oesides  admirable 
plans,  sketches,  sections,  increase  the  value  of  the  reports.  The 
Report  contains  also  two  beautiful  colored  geological  maps  of 
Colorado,  and  a  third  map  giving  the  drainage  of  the  Territory. 

3.  BuUetin  of  the  United  States  Geological  Survey  of  the  Ter- 
ritories; F.  V.  Hatden,  Geologist-in-charge.  Vol.  iv.  No.  4. — 
This  number  of  the  Bulletin  contains  papers  by  S.  H.  Scndder  on 
the  fossil  Insects  of  the  Green  River  shales ;  by  D.  S.  Jordan  on 
Fishes  of  Dakota  and  Montana,  collected  by  Dr.  Coues ;  by  J.  W. 
Chickering  on  Plants  of  Dakota  and  Montana,  collected  by  Dr. 
Coues ;  by  F.  M.  Endlich  on  Erosion  in  Colorado  ;  by  C.  A.  White 
on  the  Laramie  Group ;  by  J.  A.  Allen  on  the  American  Sciuri  or 
arboreal  squirrels.     An  index  to  volume  iv  closes  the  number. 

4.  On  the  Origin  of  Stylolites ;  by  Edward  T.  Nelson. 
(Communicated.) — During  the  past  summer  while  spending  a  few 
days  at  a  Post  of  the  Hudson's  Bay  Company,  called  Red  Rock,  sit- 
uated three  miles  above  the  mouth  of  Nipegon  River,  Lake  Supe- 
rior, I  had  opportunity  for  observing  the  formation  of  stylolites  on 
a  grand  scale.  The  left  bank  of  the  river,  just  below  Nipegon  Rap- 
ids, is,  perhaps,  fifty  feet  in  height,  and  is  composed  of  strata  of 
fine  sand,  with  thin  intercalated  layers  of  clay.  Owing  to  the 
protecting  influence  of  the  clay  the  face  of  the  bank  presents  a 
series  of  steps.  For  a  distance  of  some  hundreds  of  feet,  and 
vertically  from  top  to  bottom,  the  surface,  at  the  time  of  our 
visit,  was  covered  with  stylolitic  columns.  In  each  case  these  col- 
umns reached  from  one  stratum  of  clay  to  the  next  below,  and 
hence  varied  in  height  from  two  inches  to  as  many  feet.  During 
the  first  afternoon  it  was  raining  gently.  The  water  falling  over 
the  edges  of  the  exposed  layers  of  clay  washed  the  sand  vertically 
from  beneath.  In  this  way  each  stratum  of  sand  presented  the 
same  projections  and  crevices  as  its  covering  layer  of  clay.  As 
soon  as  the  sun  came  out  the  exposed  edges  of  the  stylolites 
became  covered  bjr  a  very  thin  pellicle  of  the  clay  and  were  thus 
preserved.  Wishmg  to  learn  whether  these  columns  became  suf- 
hciently  hard  to  stand  pressure,  I  removed,  very  gently,  portions 
of  the  talus  of  sand  from  the  base  of  the  hill  and  found  within 
perfectly  preserved  columns.  The  inner  face  of  the  talus  was, 
of  course,  the  exact  obverse  of  the  stylolites. 

Ohio  Wedeyan  University,  Oct  22d,  1878. 

5.  Bowlders  in  Coal, — During  a  recent  geological  excursion 
with  the  Senior  class  of  Denison  University,  I  found  at  New 
Straitsville,  Perry  County,  Ohio,  a  bowlder  of  hard  gritty  sand- 
sitone,  ten  inches  in  diameter,  in  a  seam  of  coaL  It  was  covered 
to  the  depth  of  one  foot  and  rested  upon  seven  feet  of  coal,  the 
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seam  being  the  Nelsonville,  or  "  Great  Vein,"  which  lies  two  to 
three  hundred  feet  above  the  base  of  the  Coal-measures.  The 
roof  is  a  bluish  gray  shale  containing  the  usual  Carboniferous 
fossils. 

It  seems  improbable  that  this  bowlder  was  brought  into  the 
ancient  marsh  when  the  material  for  the  lower  seven  feet  of  coal 
had  accumulated,  and  was  then  covered  with  the  several  feet  of 
vegetable  matter  which  are  now  compressed  into  the  upper  foot 
of  coal.  The  Nelsonville  seam  has  a  wide  distribution  in  south- 
eastern Ohio  and  Kentucky.  It  is  the  most  reliable  and  persistent 
coal  of  the  lower  productive  measures.  This  implies  that  the 
marsh  in  which  it  accumulated  was  very  widespread,  and  that  it 
long  retained  its  character  as  an  area  of  sluggishly  moving,  or 
stagnant  waters,  so  choked  with  rank  vegetation  that  drift-wood 
or  floating  ice  (if  any  such  thing  existed  in  that  age)  would  have 
no  chance  of  being  carried  far  over  its  surface.  But  it  afterward 
sank  beneath  a  shallow  sea,  muddy  with  the  sediment  which  is 
now  hardened  into  the  roof  shales.  Sometimes  during  this  sub- 
mergence the  bowlder  was  dropped  upon  the  still  soft  and  vield- 
ing  mass  of  vegetation  and  sank  into  it  to  a  considerable  depth. 
By  what  agency  it  was  transported  from  the  shores  of  that  ancient 
sea  to  its  present  resting  place  is  uncertain.  Two  similar  cases 
are  on  record,  and  two  eminent  Ohio  geologists  have  speculated 
upon  the  causes  of  the  phenomena.  Professor  E.  B.  Andrews 
(Keport  of  Progress,  1870,  p.  78)  mentions  a  large  quartzite 
bowlder  in  this  same  Nelsonville  seam  at  Zaleski,  Vinton  County, 
and  attributes  its  transportation  to  floating  ice.  Professor  J.  S. 
Newberry  (Ohio  Reports,  vol.  ii,  p.  174)  mentions  one  of  talcose 
slate  found  by  him  in  Coal  No.  2,  m  Mahoning  County,  and  opines 
that  it  was  brought  there  by  being  ^'  entangled  in  the  roots  of 
trees,  and  thus  floated  and  dropped.  Whatever  may  have  been 
the  buoyant  material  we  can  readily  conceive  that,  once  upborne 
upon  the  water,  these  bowlders  might  easily  have  been  driven  by 
winds,  or  carried  by  currents,  to  where  we  now  find  them,  and 
penetrated  the  material  of  the  coal  by  virtue  of  their  weight  and 
compactness,  while  the  mud  carried  by  the  same  waters  spread 
over  the  coal  a  sheet  of  fine  sediment  without  mingling  with  it. 

Graoyille,  Nov.  19th,  1878.  L.  E.  HICKS. 

6.  Aslibumer  on  Oil-uydl  Records  in  McKean  and  Elk  Conn- 
tieSy  Pennsylvanict, — In  a  citation  from  this  memoir  on  page  393 
of  the  preceding  volume,  the  sentence  reading  *'  We  are  sure  that 
the  rocks  maintain  a  constant  thickness  between  these  two  points,'* 
should  read  "  We  are  not  sure,'*  etc. 

III.  Botany  and  Zoology. 

1.  Flora  BraMiensia. — The  publication  has  made  great  pro- 
gress during  the  year  1878.  In  February  appeared  fascicles  76 
and  76 ;  in  June  fiasc.  77,  in  August  fasc.  78.  The  subjects,  in  order 
of  publication,  are: 

MippocrateacecBy  by  Dr.  J.  Peyritsch,  Curator  of  the  Vienna 
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herbarium.     While  retaining  the  order,  it  is  remarked  that  one 
isomerous  genus  makes  a  transition  to  Celaatracem. 

Meliacece^  by  Casimir  DeCandolle,  who  has  recently  published 
a  monograph  of  the  whole  order  in  the  series  which  is  to  con- 
tinue and  supplement  the  Prodromus.  This  order  is  dot  very 
largely  develojped  in  Brazil. 

HeaeracecBy  by  E.  M  archal,  Professor  of  Botany  at  Brussels.  The 
Brazilian  species  belong  to  four  genera,  which  are  well  illustrated. 

Letnnacece^  by  Professor  Hegelmaier  of  Ttlbingen,  the  mono- 
grapher of  the  order.  The  three  genera,  Wolffia^  Lemna^  and 
Spirodela  are  well  illustrated  in  a  single  plate,  and  the  anatomy 
and  morphology  are  fully  expounded. 

Ardcece^  by  Professor  Engler,  late  of  Munich,  now  translated  to 
Kiel.  There  are  about  ninety  Brazilian  species  out  of  738  known 
to  the  monographer,  who  arranges  them  under  ten  sub-orders, 
and  the  larger  sub-orders  have  two,  thr^e,  and  five  tribes.  But 
among  the  sub-orders  are  Pistiaeem  and  Lemnaceoe,  The  whole 
is  evidently  worked  out  conscientiously,  and  is  admirably  illus- 
trated by  fifty-one  plates,  which  abound  in  analyses.  One  of 
them  is  a  photograph  of  magnified  stem-sections. 

RafflesiacecB^  by  Count  Solms-Laubach,  Professor  at  Strassburg. 
In  Brazil  are  two  known  species  of  Apodanthes  and  four  of  PHob- 
tyles.    The  single  plate  of  illustrations  is  excellent. 

Nymphceacem^  by  Professor  Caspary  of  Koenigsberg,  are  amply 
and  well  illastrated.  Three  folio  plates  are  given  to  Nymphcea 
ampla  and  its  varieties,  six  to  other  species,  and  two  to  Cahomba 
and  some  details  of  Victoria.  Three  typical  species  of  Cahomba 
are  described,  and  the  character  of  C'.  (Jaroliniana^  with  full 
descriptive  details  is  given  in  a  foot-note.  The  NeHumhium  of 
South  America  proves  to  be  N".  luteum;  and  the  Japanese  N". 
nuciferum  is  thought  to  be  hardly  different.  Three  species  of 
Victoria  are  indicated,  but  with  doubts  as  to  their  distinctness. 
One  of  the  ten  tropical  American  species  of  Nymphma^  viz :  iV. 
ampla^  well  marked  by  having  the  carpels  separate  through  the 
center  and  cohering  only  dorsally,  reaches  Texas. 

CuvurhitaceoP'  are  elaborated,  with  much  detail,  by  A.  Cogni- 
aux,  a  Belgian  botanist.  Introductions  included,  there  are  twenty- 
nine  Brazilian  genera,  and  one  hundred  and  eleven  species, 
arranged  under  the  series  proposed  in  Bentham  and  Hooker's 
Genera  Plantarum.  Eichler  is  followed  in  placing  the  order  next 
to  Campanulaceae,  a  reversion  to  the  ideas  of  Bemhard  Jussicu 
and  Adanson.  Cucurhita  Pepo  is  thought  to  be  of  Asiatic  origin ; 
perhaps  rightly.  But  our  Indians  had  it,  along  with  Nicotiana 
rtfstica,  which  is  certainly  an  old-world  species.  Echinocystis  is 
still  mixed  up  with  Meyarrhiza — a  wholly  distinct  genus, — and 
with  two  Brazilian  plants  which,  we  venture  to  say,  are  not  con- 
geners of  the  true  Echinocystis.  The  order  is  here  illustrated  by 
thirty-eight  plates.  a.  g. 

2.  Heer:  Flora  Fossilis  Arctiea.  Tome  v.  1878. — 'ITiis  new 
volume,  like  most  of  its  predecessors,  is  composed  of  separate 
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memoirs,  some  here  first  printed,  some  extra  issues  from  academic 
transactions  and  the  like.  The  first  paper,  on  the  Miocene  Flora 
of  Grinneirs  Land  (with  nine  plates  and  a  map  and  sketch),  is 
originally  printed  at  Zurich.  The  two  following  papers,  on 
Siberian  and  Eastern  Asian  fossil  plants,  are  from  the  Memoirs 
of  the  Imperial  Academy  of  St.  Petersburg ;  the  remaining  two 
are  from  the  Memoirs  of  the  Royal  Swedish  Society  at  Stockholm, 
and  illustrate  the  Miocene  flora  of  Sachalin  and  the  Cordaites  of 
Nova  Zembla.  There  are  numerous  figures.  The  first  named 
paper  most  interests  us,  by  the  announcement  of  the  discovery  of 
the  remains  of  a  Miocene  Spruce  of  the  Tsuga  group,  L  e.,  allied 
to  our  Hemlock  Spruce;  also  of  the  veritable  Silver  Fir  of 
Europe!  a.  g. 

3.  Epping  Forest^  and  how  best  to  deal  with  it,  is  an  article  in 
the  Fortnightly  Review  for  November  last,  arid  separately  issued, 
by  Alfred  R.  Wallace.  It  urges — now  that  the  ground  which 
this  ancient  forest  in  the  neighborhood  of  London  covered,  and 
in  part  still  covers,  is  consecrated  by  act  of  Parliament  for  the 
recreation  and  enjoyment  of  the  puolic  forever — that  the  large 
waste  portions  shall  be  replanted  in  a  way  that  may  exemplify 
and  reproduce,  separately,  the  several  kinds  of  forest  of  the 
northern  hemisphere.  Even  some  forests  of  the  temperate  por- 
tions of  the  southern  hemisphere — of  New  Zealand,  for  instance, 
may  be  hopefully  planted.  The  complete  feasibility  and  the 
great  interest  of  this  project  are  well  set  forth,  and  are  fortified 
by  the  authority  of  this  Journal.  Mr.  Wallace,  who  is  exceed- 
ingly well  qualified  to  judge,  adopts  fully  the  theoretical  views 
which  are  maintained  in  recent  articles  of  this  Journal,  as  to  the 
cause  of  the  poverty  of  Europe  in  indigenous  trees,  in  comparison 
with  North  America  and  Eastern  Asia,  and  her  own  Tertiary 
epoch;  and  would  reclaim  for  England  the  trees  and  shrubs  of 
which  she  was  long  ago  deprived  bv  icy  fate.  a.  g. 

4.  Die  Algenflora  des  Weissen  Meeres  ;  by  Dr.  Cristoph  Gobi. 
(Extr.  from  Mem.  Imp.  Acad.  Sciences,  St.  Petersburg,  vol.  xxvi, 
no.  1.). — ^The  above  named  paper  is  the  first  detailed  account  of 
the  algae  of  the  White  Sea.  The  species  are  principally  those 
found  throughout  the  Arctic  Ocean ;  but  Dr.  Gobi  remarks  that 
the  vegetation  of  the  southern  part  of  the  White  Sea  has  a  more 
northern  character  than  that  of  the  northern  pait;  which  is 
explained  by  the  statement  that  many  forms  of  Western  Europe 
which  make  their  way  to  the  northern  part  do  not  extend  to  tne 
southern  part  of  the  White  Sea.  Dr.  Gobi  unites  a  considerable 
number  of  species  considered*  by  Agardh  and  others  to  be  dis- 
tinct, even  regarding  Hhodomela  lycopodioides  as  a  form  of  E, 
9uhfusca^  and  Polysiphonia  arctica  as  a  variety  of  P.  variegnta, 
Rhodophyllis  veprecula  Ag.  is  referred  to  H.  dichotoma  Lepechin. 
The  paper  contains  valuable  references  to  the  species  of  Ruprecht 
in  the  St.  Petersburg  Academy's  herbarium.  w.  g.  f. 

5.  North  American  Fungi:  F\ingi  Awericani^  Centuries  1 
and  II;  by  H.  W.  Raven  kl  and  M.  C.  Cooke.     North  Ameri- 
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can  Fungi;  hy  J.  B.  Ellis. — Since  the  Fungi  CaroUniani 
IkHccati  hj  Ravenel.  the  last  volame  of  which  appeared  in  I860, 
a  large  number  of  new  species  of  fungi  have  been  described  by 
writers  in  Europe  and  this  country,  only  a  small  number  of 
which  have  ever  been  issued  in  any  of  the  series  of  Exsiccati, 
which  have  in  recent  years  become  uncomfortably  numerous. 
Several  American  species,  to  be  sure,  have  been  published  in 
Thttmen's  Mycotheca  Universalis,  but,  comparatively  speaking, 
the  number  is  small.  From  the  nature  of  the  plants  themselves, 
and  the  fact  that  many  mycologists  remote  from  one  another  are 
constantly  describing  new  species,  many  of  which  are  founded  on 
very  minute  distinctions,  it  is  very  much  to  be  desired  that  an 
authentic  series  of  American  fungi  should  be  in  the  hands  of 
leading  mycologists  of  Europe  and  this  country.  For  this  reason, 
if  for  no  other,  we  welcome  the  fasciculi  just  issued  by  Messrs. 
Ravenel  and  Cooke,  and  that  by  Ellis. 

The  first  series  named  includes  specimens  collected  in  Georgia 
and  Florida  by  Mr.  H.  W.  Ravenel,  whose  l^ngi  CaroUniani 
have  made  his  name  familiar  to  all  students  of  fungi.  The  deter- 
mination of  the  species  and  their  arrangement  has  been  under- 
taken by  the  well-known  British  mycologist,  Mr.  M.  C.  Cooke. 
The  series  will  include  about  four  hundred  species,  published  in 
centuries,  at  the  rate  of  twenty-one  shillings  each.  American 
orders  may  be  addressed  to  H.  W.  Ravenel,  Aiken,  S.  C.  The 
series  includes  a  number  of  new  species,  which  are  being  described 
in  the  current  numbers  of  Grevillea. 

The  second  of  the  series  named  is  issued  by  Mr.  J.  B.  Ellis,  of 
Newfield,  N.  J. ;  and.  the  first  century  contains  species  collected 
by  him  in  the  vicinity  of  Newfield,  including  a  number  of  the 
new  species  described  by  Cooke  and  Ellis  in  Grevillea,  and  by 
Ellis  and  Von  Thamen  in  the  Torrey  Bulletin.  Mr.  Ellis  intends 
in  the  succeeding  centuries  of  his  work  to  include  species  from  all 
parts  of  the  United  States,  and  has  secured  the  aid  of  several 
mycologists  in  different  parts  of  the  country,  who  will  furnish 
specimens  and,  at  times,  descriptions  of  species.  So  far  as  is 
practicable,  an  effort  will  be  maae  to  place  m  the  same  fasciculus 
onlv  plants  belonging  to  the  same  order,  so  that  the  student  will 
find  a  large  suite  of  related  species  placed  near  together  for  com- 
parison. Century  II  will  contain  pnncipally  Aacomycetes^  by  Mr. 
Ellis,  and  Century  III,  UredineiyOy  W.  G.  Farlow.  The  series 
will  include  common  as  well  as  rare  forms,  and  it  is  to  be  hoped 
that  it  may  become  for  this  country  what  Rabenhorst's  Fungi 
Eurttpmi  is  for  Europe.  Each  fasciculus  is  neatlv  bound  in  a 
form  similar  to  that  of  Rabenhorst's  Fungi,  and  is  sold  at  the 
rate  of  $7.00.    Orders  can  be  sent  to  J.  B.  Ellis,  Newfield,  N.  J. 

w.  G.  F. 

6.  The  Early  Typee  of  Insects;  by  Samuel  H.  Scuddbb. 
(Abstract  of  a  paper  read  before  the  National  Academy  of  Sci- 
ences, November  5,  1878). — The  earliest  remains  of  insects  from 
the  Paleozoic  rocks  were  announced  in  1835  by  Audouin  and 
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Oorda.  Since  then  many  authors,  especially  Germar  and  Golden- 
berg,  have  added  to  our  knowledge,  until  now  perhaps  one  hun- 
dred species  are  known.  Yet  insect  remains  in  the  older  strata 
may  still  be  looked  upon  as  the  greatest  rarities,  and  by  far  the 
lareer  part  of  them  are  known  to  us  only  by  their  wings. 

It  is  of  course  of  prime  importance  that  we  should  understand 
the  relative  subordination  of  the  larger  groups  in  insects  before 
investigating  their  order  of  succession  in  time ;  for  one  of  the 
principal  difficulties  in  attempting  to  harmonize  their  structural 
and  geological  relations  has  been  in  the  erroneous  views  which 
have  been  maintained  of  the  relative  rank  of  the  suborders  of 
Hexapods  and  of  their  division  into  senes.  The  author  con- 
tended for  the  accuracy  of  Packard's  classification,  which  sepa- 
rated them  into  Metabola  and  Heterometabola,  the  former  includ- 
ing the  Hymenoptera,  Lepidoptera  and  Diptera ;  the  latter  the 
Coleoptera,  Hemiptera,  Orthoptera  and  Neuroptera,  the  arrange- 
ment Deing  in  a  descending  order.  He  was  also  inclined  to  agree 
with  Dohm  in  his  estimate  of  the  ordinal  value  of  the  peculiar  com- 
bination of  characteristics  in  Eugereon  and  other  early  insects  and 
to  aceept,  but  with  somewhat  different  limits,  the  term  Palaeodiciy- 
optera  applied  to  this  group  by  Golden  berg.  He  discussed  the 
times  of  appearance  and  relative  abundance  of  the  different  subor- 
ders of  Hexapods  and  concluded  with  the  following  recapitulation : 

(I.)  With  the  exception  of  the  few  wings  of  Hexapods  known 
from  the  Devonian,  the  three  orders  of  insects — Hexapods, 
Arachnids  and  Myriapods — appeared  simultaneously  in  Carbonif- 
erous strata.  (2.)  All  Carboniferous  and  Devonian  insects  are 
Heterometabola,  the  Metabola  making  their  first  appearance  in 
Jurassic  strata.  (8.)  Many  synthetic  or  comprehensive  types 
existed  in  Paleozoic  times,  combining  the  characters  either  of  all 
the  Heterometabola ;  of  Orthoptera  and  Neuroptera ;  or  of  Neu- 
roptera proper  and  Pseudoneuroptera.  (4.j  The  Devonian  insects 
either  belong  to  comprehensive  types  related  to  the  two  lower 
suborders  only,  or  are  low  Pseudoneuroptera ;  and  were  undoubt- 
edly aquatic  in  early  life.  (5.)  The  lower  suborders  of  Heterome- 
talK>la  (Orthoptera  and  Neuroptera)  were  much  more  abundant 
in  Paleozoic  times  than  the  higher  (Coleoptera  and  Hemiptera). 
(6.)  Nearly  all  the  Paleozoic  Orthoptera  belonged  to  the  lower, 
nonsaltatorial  families,  and  are  almost  exclusively  cockroaches. 
(7.)  The  Neuroptera  proper  were  at  that  time  much  rarer  than 
the  lower  Pseudoneuroptera.  (8.)  All  the  earlier  types  were 
therefore  of  inferior  organization.  (9.)  The  general  type  of  wing 
structure  in  insects  has  remained  unaltered  from  the  earliest  time. 
(10.)  With  the  exception  of  two  species  of  Coleoptera,  the  front 
and  hind  wings  of  Paleozoic  insects  were  similar  and  membran- 
008.  ^11.)  The  series  of  facts  presented  to  us  by  the  progress  of 
geological  research  leads  to  the  convictioi»  of  the  probable  exist- 
ence and  possible  discovery,  in  the  Devonian  and  even  in  the 
Silurian  formation,  of  winged  insects,  still  more  generalized  in 
structure  than  any  yet  detected  in  the  Paleozoic  rocks. 
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It  may  ilirther  be  added  that  nearly  all  the  earlier  insects  were 
large,  many  of  them  gigantic  in  size ;  and  further,  that  there  is  a 
striking  similarity  between  the  Carboniferous  insect  fauna  of 
Europe  and  North  America. 

IV.  Astronomy. 

1.  Conatante  of  the  Terrestrial  Spheroid. — In  the  Astron.  Nach., 
No.  2,228,  Professor  Listing  gives  the  following  results  of  his 
determination  of  the  constants  of  the  earth's  figure : 

a     =  6,37'7,377'"-  l^    =  990-9948'""*- 

b      =6,355,270"-  /*   ==  993-5721'"'"- 

a    =  6,377,000"-  P    =  996-1495'""*- 

Qq  =  10,017.560"»-  g^  =  9-780728'"- 

Q    =  10,000,205'"-  g*  =  9-806165'"- 

w     =288-4800  g"   =  9•831603•»'- 

Al8O  in  general,  I  =  990-9948  +  5*1547  sin*^, 

g  =  9-780728  -f  0050875  Bin^g). 

In  these  expressions  a  =  equatorial  rad.,  b  =  polar  rad.,  H  =r 
(a^ft)^,  or  mean  radius,  $„  =  equatorial  quadrant,  Q  =  meridian 
quadrant;  w  =  a-r-(a  — 6),  or  eccentricity  of  merid.  section; 
/q,  I*  and  /'  are  the  lengths  of  the  second's  pendulum  at  the  equa- 
tor, 45*.  and  pole;  g^,  g*  and  g\  the  force  of  gravity  at  the  equa- 
tor, 45°  and  polo ;  and  /  and  g  the  corresponding  values  at  any 
latitude  (p.  H.  A.  N. 

2.  Failure  of  Meteors  from  Biela^s  Comet  in  1878. — Mr.  E.  T. 
Sawyer  writes  from  Cambridge  as  follows,  under  date  of  Decem- 
ber 9th : — As  far  as  my  observations  show,  the  expected  shower 
of  Biela's,  proved  a  complete  failure.  I  carefully  looked  for 
meteore  conformable  to  a  radiant  near  y  AndroraedaB  on  the  fol- 
lowing dates :  -November  23,  24,  26,  29,  30,  and  December  6,  7, 
and  8.  The  watches  each  evening  varied  from  one  to  four  hours 
in  duration,  and  aggregate  about  seventeen  hours  in  all.  Cloudv 
weather  interfered  with  watching  for  a  week  previous  to  the  23d, 
with  the  exception  of  a  few  minutes  on  the  21st,  also  on  the  25th, 
27th,  28th,  and  December  1st,  2d,  3d,  4th,  and  5th.  Strong  moon- 
light also  prevented  the  recording  of  faint  meteors  after  Novem- 
ber 29th.  During  the  seventeen  hours  or  more  of  watching,  only 
three  meteors  were  mapped  radiating  with  any  certainty  from  the 
deduced  center  near  ;/,  and  these  paths  prolonged  backward 
meet  exactly  at  R.  A.  25°  and  42**.  Of  the  three  recorded,  two 
were  seen  during  the  four  hours'  watch  on  the  26th.        h.  a.  n. 

3.  Abriss  der  PraktischJen  Astronomies  von  Dr.  A.  Sawitsch, 
translated  into  German  from  the  2d  Russian  edition,  by  Dr.  C.  F. 
W.  Peters,  assistant  in  the  Observatory  at  Kiel.  848  pp.  8vo, 
Wilhelm  Mauke,  Leipzig,  1879. — The  first  edition  of  this  work, 
translated  from  the  Russian  by  Dr.  Gdtze  in  1850,  has  been  for 
near  thirty  years  a  standard  work  for  the  subjects  embraced  in  it. 
It  is  devoted  principally    to    the    instruments    and    processes 
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employed  in  the  determination  of  latitudes  and  longitudes.  It 
does  not  describe  the  fixed  instruments  of  the  observatory,  and  is 
therefore  more  complete  in  respect  to  portable  ones. 

The  present  edition  has  been  quite  fuHv  revised,  the  changes  in 
instruments  and  improvements  of  methods  having  required  con- 
siderable changes  in  the  matter.  ITie  Repsold  vertical  circle  and 
the  Ertel  universal  instrument  are  especially  described.  The  more 
recent  methods  of  utilizing  solar  eclipses  for  determination  of 
longitude  replace  the  older  ones.  h.  a.  n. 

V.  Miscellaneous  Scientific  Intelligence. 

1.  International  Oeological  Congress, — The  American  Asso- 
ciation for  the  Advancement  of  Science,  at  its  meeting  in  Buffalo, 
August,  1876,  appointed  an  international  Committee  charged  with 
the  organization  of  an  International  Geological  Congress,  to  be 
held  in  Paris  during  the  Exhibition  of  1878.  This  committee, 
which  consisted  of  James  Hall,  W.  B.  Rogers,  J.  S.  Newl>erry,  J. 
W.  Dawson,  T.  Sterry  Hunt,  R.  Pumpelly  and  C.  H.  Hitchcock, 
with  the  addition  of  T.  H.  Huxlev,  Otto  Torell,  and  K.  H.  Von 
Banmhauer,  then  present  at  Buffalo,  chose  James  Hall  for  its 
chairman  and  T.  Sterry  Hunt  for  its  secretary.  A  circular  in 
various  languages  was  at  once  issued,  urging  the  impoi-tanee  of 
the  proposed  congress,  for  the  consideration  of  which  various 
points  were  suggested,  and  recommending  the  bringing  together 
at  the  exhibition  of  collections  illustrating  the  geology  of  all  coun- 
tries. The  assurances  of  cooperation  received  by  the  secretary  were 
such  that  after  a  few  months,  the  Geological  Society  of  France  took 
up  the  matter  in  connection  with  the  international  committee,  and 
naming  a  local  committee,  of  which  Hebert  was  president  and 
Jannettaz,  secretary-general,  issued  July,  1877,  a  circular  embody- 
ing the  suggestions  of  the  first  committee.  This  was  followed 
by  a  second  circular,  dated  February,  1878,  fixing  the  opening  of 
the  Congress  for  the  29th  of  August.  The  local  committee  also 
prepared  a  catalogue  of  all  the  materials  of  geological  interest 
m  the  Exhibition,  as  well  as  of  all  the  public  and  private  collec- 
tions of  Paris,  which  were  thrown  open  to  the  members  of  the 
Congress. 

The  Congress  was  opened  on  the  day  appointed  in  the  palace 
of  the  Trocadero,  the  Minister  of  Public  Instruction  for  France, 
presiding  on  the  occasion,  and  six  daily  sessions  were  held,  with 
Hubert  for  pres>ident,  assisted  by  numerous  vice-presidents  selected 
from  the  various  nationalities.  The  whole  number  of  members 
enrolled  was  328,  of  which  about  250  were  present.  American 
geology  was  represented  by  James  Hall,  G.  H.  Cooke,  J.  P.  Les- 
ley, T.  Sterry  Hunt,  W.  P.  Blake,  E.  D.  Cope,  and  T.  C.  Cham- 
berlin,  and  by  Selwyn  from  Canada. 

The  first  session  was  devoted  to  structural  and  dynamical  geol- 
ogy and  included  among  others,  papers  by  Daubn'e  and  Alphonse 
Favre,  both  giving  results  of  experiments  relative  to  the  origin  of 
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fractures  and  foldings  of  the  earth's  crust.  These  were  followed 
by  Lory  on  the  structure  of  the  Alps,  by  de  Chancourtoie  on  the 
coordination  of  the  lines  and  veins,  and  by  De  Lapparent  on  the 
foldings  of  the  Chalk  as  disclosed  by  the  examinations  for  the 
tunnel  beneath  the  streets  of  Dover. 

In  the  second  session,  James  Hall  discussed  the  history  of  the 
rise  and  progress  of  the  nomenclature  of  the  Paleozoic  rocks  in 
North  America,  and  of  the  various  geological  maps,  while  Renevier, 
de  Chancourtois  and  Huguenin  submitted  their  plans  for  the  use  of 
colors  and  signs  in  mapping.  Stephanesco  and  Rutot  discussed 
the  value  of  geological  subdivisions  and  the  bases  of  a  uniform 
geological  nomenclature  for  all  countries,  while  Vilanova  set  forth 
his  plan  of  a  general  dictionary  of  geology. 

In  the  third  session,  Sterry  Hunt  presented  a  memoir  on  the  up- 
per and  lower  limits  of  the  Cambrian  series,  and  was  followed  by 
BaiTande  on  the  same  subject.  Von  MoBller  then  discussed  the 
constitution  of  the  Carboniferous  series  in  different  regions  of 
Europe,  and  its  relations  to  Devonian  and  Permian,  and  was  suc- 
ceeded by  Lesley  on  the  same  questions  as  presented  in  Pennsyl- 
vania, and  by  V^lain  on  the  relations  of  tne  Trias  and  Lias  in 
France. 

In  the  fourth  session,  Cope  discussed  the  relations  of  the  hori- 
zons of  fossil  verebrates  in  Europe  and  America,  and  was  followed 
bv  Albert  Graudry  and  by  Matheson  on  the  same  subject.  De 
Mortillet  presented  his  views  on  the  Quaternary  formations,  and 
Alph.  Favre  discussed  the  hypothesis  of  former  glacial  periods. 
Van  der  Broeck  and  Buvigiuer  discussed  the  agency  of  meteoric 
phenomena  in  the  alterations  of  rocks,  and  W.  P.  Blake  presented 
and  described  a  geological  map  of  the  United  States  of  America. 
The  origin  of  volcanoes  was  tnen  considered  by  Virlet  d'Aoust, 
after  which  the  local  admixtures  of  organic  remains  of  different 
horizons,  giving  rise  to  what  have  been  called  colonies  is  alike  in 
Jurassic  and  Devonian  strata,  was  discussed  by  Choffat,  Renevier 
and  Gosselet. 

In  the  fifth  session,  DesCloizeaux  and  Michel  L6vy  discussed 
various  questions  as  to  the  feldspars  in  crystalline  rocks,  their  chem- 
ical composition  and  microscopic  character,  and  were  followed  by 
Sterry  Hunt,  on  the  constitution  of  the  plagioclase  feldspar,  while 
Jannetaz  treated  of  the  geological  importance  of  the  propagation 
of  heat  in  rocks,  considered  with  reference  to  their  structure  and 
their  origin.  Sterry  Hunt  then  gave  a  description  of  the  great 
groups  of  crystalline  stratified  rocks  found  in  North  America,  in- 
cluding Laurentain,  Norian,  Huronian,  Mount  Alban  and  Taco- 
nian,  and  compared  them  with  similar  groups  in  Europe.  He  was 
followed  by  Selwyn  on  the  same  subject.  Szabo  discussed  the 
eruptive  Tertiary  rocks  of  Hungary,  examining  the  question 
whether  mineral  composition  can  serve  to  show  the  ages  of  such 
rocks.  Velaine  contributed  an  account  of  the  trachytes  of  the 
Reunion  island  and  Ribeiro  and  of  the  Tertiary  basalts  of  Port- 
ugal. 
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In  the  sixth  and  last  session  of  the  Congress,  on  the  4th  of  Septem- 
ber, a  commnnication  by  Bourjot  was  presented  on  the  supposed 
eruptive  limestones  of  Algeria,  and  one  on  some  glacial  phenom- 
ena of  the  Great  Lakes  district  of  North  America,  oy  Chamberlb, 
while  Fuchs  stated  the  views  of  several  members  of  the  Con- 
gress on  the  system  of  coloring  geological  maps.  The  President 
then  announced  the  decision  of  the  Council  that  the  acts  of  the 
Congress  are  to  be  published  in  a  volume  under  the  direction  of 
the  secretaries,  the  cost  being  generously  defrayed  by  the  national 
government.  A  second  International  Geological  Congress  will  be 
held  at  Bologna  in  Italy,  in  October,  1881,  under  the  honorary 
presidence  of  Sella,  president  of  the  Accademia  dei  Lincei  of  Rome, 
and  a  local  committee  of  ten  Italian  geologists  has  been  named, 
charged  with  the  organization  of  the  Congress,  of  whom  Prof. 
Capellini  of  Bologna  will  probably  act  as  secretary.  The  gov- 
ernment of  the  Kin^  of  Italy,  through  the  ambassador  at  Paris,  at 
once  promised  its  high  patronage  to  the  future  Congress,  and  the 
municipality  of  Bologna  sent  a  message  of  welcome. 

The  work  of  the  next  congress  is  referred  to  two  international 
committees ;  ;he  first  of  which  will  be  charged  with  the  unifica- 
tions '*  des  figures  g^ologiques,''  that  is  to  say,  of  all  colors  or  signs 
employed  on  geological  maps  and  plans.  The  second  is  charged 
with  the  unification  of  geological  nomenclature,  under  which  will 
be  considered  all  questions  relating  to  classification,  as  well  as  the 
value  and  significance  of  mineralogical,  lithological  and  paleon- 
tological  characters  embracing  the  most  important  problems  in 
geology.  For  these  two  international  committees  one  member  is 
namea  for  each  country,  whose  duty  it  will  be  to  organize  therein 
local  committees,  and  to  make  known  the  composition  of  these  as 
soon  as  possible  both  to  the  Secretary-General  of  the  late  Con- 
gress, and  to  the  local  committee  of  the  future  one.  Reports  by 
these  several  committees  are  to  be  sent  before  the  first  of  January, 
1881,  to  the  Italian  local  committee  of  organization,  who  will 
cause  them  to  be  printed  and  distributed  before  the  meeting  of 
the  Congress, 

The  members  of  the  international  committee  on  maps  are  as 
follows :  United  States,  Lesley ;  Canada,  Selwyn  ;  Great  Britian, 
Ramsay;  France,  de  Chancourtois ;  Belgium,  Dupont;  Switzer- 
land, Kenevier;  Italy,  Giordano ;  Spain  and  Portugal,  Ribeiro; 
Hungary,  von  Hautken ;  Russia,  von  Mceller;  Scandinavia, 
TorelL 

The  international  committee  on  nomenclature  and  classification  is 
thus  composed :  United  States,  James  Hall;  Canada,  T.  Sterry 
Hunt;  Great  Britain,  T.  McKenna Hughes;  France, Hubert ;  Bel- 

flum,  Dewalque;  Germany,  Ferd.  Romer;  Switzerland,  Alph. 
avre;  Italy,  Capellini;  Spain  and  Portugal,  Vilanova ;  Hungary, 
Szabo;  Roumania,  Stephanesco;  Russia,  InostranzefT;  Scandina- 
via, Lundgren ;  Australia,  Liversidge, 

In  addition  to  the  above  a  local  committee  was  named  in 
France  to  discuss  for  the  next  Congress,  the  rules  to  be  observed 
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in  the  nomenclature  of  species,  consisting,  for  paleontology,  of 
Cotteau,  Douville,  Gaudry,  Pomel,  Gosselet  and  de  Saporta,  and 
for  mineralogy  and  litliology,  of  DesCloizeaux  and  Jannettaz.  The 
report  of  the  committee  of  the  American  Association  in  1876,  on 
biological  nomenclature,  presented  by  Cope  to  the  Congress,  was 
referred  to  the  above-named  committee.  The  general  language  or 
the  proceedings  was  of  course,  French,  but  communications  made 
in  English  were  interpreted  by  MM.  Barrois  and  T.  Sterry  Hunt, 
and  will  be  duly  translated  for  the  published  acts  of  the  Congress. 

T.  8.  H. 

2.  National  Academy  of  Sciences. — At  the  session  of  the  Na- 
tional Academy  of  Sciences  in  New  York  City,  November  6-8, 
1878,  the  following  papers  were  presented. 

Hbnby  Drapeb. — The  Solar  Eclipse  of  July  29,  1878. 

8.  H.  ScuDDBB. — ^Tbe  early  types  of  insects. 

0.  S.  Pbibce. — The  acceleration  of  g^vity  at  initial  stations. 

W.  P.  Tbowbridge. — The  inapplicability  of  the  old  theory  of  the  turbine  water- 
wheel  to  the  newer  constructions  instituted  by  Boyden  &  Francis. 

A.  A.  AoASSiz — (I.)  The  embryology  of  the  gar-pike. — (2.)  Arrangement  of  a 
zoological  marine  laboratory  at  Newport,  R.  I. 

&AhB  LOOMIS. — Contributions  to  Meteorology:  the  storms  of  the  Atlantic  Ocean. 

H.  L.  Abbott. — (1.)  Biographical  memoir  of  Prof.  D.  H.  Mahan. — (2.)  Value  of 
photography  in  the  study  of  instantaneous  phenomena,  illustrated  by  photographs 
of  torpedo  explosions. 

Benjamin  Alvobd. — Continuation  of  paper  presented  at  the  April  meeting.  On 
the  intersection  of  circles  and  the  intersection  of  spheres. 

Stephen  Albxandeb.— {1.)  On  the  eleventh  axiom  of  Euclid  and  a  proposed 
demoDBtration  of  the  same. — (2.)  Recapitulation  of  some  of  the  author's  views  on  the 
origin  of  the  forms  and  present  state  of  many  dusters  of  stars  and  of  several 
nebulse,  the  source  of  solar  heat,  and  drift  of  the  stars. — (3.)  Brief*  notice  of  the 
total  solar  eclipse  of  January  11,  1880. — (4.)  On  certain  modifications  of  the 
ScLehallien  experiments,  and  of  the  Cavendish  experiment. 

Qboboe  Davidson. — Instruments  of  precision  at  the  Paris  Exposition. 

J.  S.  Newbebbt. — (1.)  On  some  remains  of  new  fossil  fishes  and  their  relation 
to  living  forms.— (2.)  On  some  mooted  points  in  American  (Jeology- 

0.  N.  Rood. — (l.)  On  a  quantitative  analysis  of  white  light. — (2.)  Note  on 
Henry's  theory  of  color. 

E.  D.  Cope.  --On  the  characters  of  the  Theromorphous  Reptilia  and  Stegooepha- 
lous  Batrachia. 

C.  A.  YouNO.— Measures  of  the  diameter  of  Mercury  by  a  new  method,  made  at 
the  transit  of  May  6,  1878. 

A.  Hyatt. — Some  remarks  on  an  investigation  on  the  laws  of  heridity  under- 
taken by  the  Board  of  Health  of  Massachusetts. 

At  the  same  session  on  November  6,  the  Acting  President  sub- 
mitted the  following  Report  of  the  Committee  appointed  to  con- 
sider the  Scientific  Surveys  of  the  Territories  of  the  United  States. 
The  Report  was  adopted  by  the  Academy. 

The  Committee  of  the  National  Academy  of  Sciences,  to  whom 
has  been  referred  the  consideration  of  the  following  requirement 
of  law  contained  in  the  Act  making  appropriations  for  Sundry 
Civil  expenses  of  the  Government  for  the  fiscal  year  ending 
June  80,  1879,  and  for  other  purposes,  approved  June  20,  1878, 
namely : 

"And  the  National  Academy  of  Sciences  is  hereby  required  at 
their  next  meeting  to  take  into  consideration  the  methods  and 
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expenses  of  conducting  all  surveys  of  n  scientific  character  under 
the  War  or  Interior  Department,  and  the  surveys  of  the  Land 
OflSce,  and  to  report  to  Congress  as  soon  thereafter  as  may  be 
practicable  a  plan  for  surveying  and  mapping  the  Territories  of 
the  United  States  on  such  general  system  as  will,  in  their  judg- 
ment, secure  the  best  results  at  the  least  possible  cost;  and  also 
to  recommend  to  Congress  a  suitable  plan  for  the  publication  and 
distribution  of  reports,  maps,  and  documents,  and  other  results  of 
the  said  surveys," 
Submitted  the  following  report: 

The  Committee  consider  that  the  field  of  inquiry  proposed  to 
the  Academy  is  intended  to  embrace  onlj^  such  surveys  as  pertain 
to  the  public  domain.  They  have  not  included  in  their  plan  of 
organization  surveys  and  investigations,  however  scientific  in 
method  and  character,  which  apply  solely  to  engineering  works, 
such  as  the  improvements  of  nvers,  harbors,  lakes,  etc. ;  the  irri- 
gation and  drainage  of  public  lands,  reclamation  of  tidal  lands, 
and  protection  of  alluvial  regions  from  floods.  Such  surveys  and 
investigations,  being  inseparably  connected  with  engineeiing 
problems,  should,  in  the  judgment  of  the  Committee,  be  conducted 
by  the  Engineer  Corps  of  the  Army.  Nor  do  the  Committee 
recommend  any  change  in  the  organization  of  the  Survey  of  the 
Great  Lakes,  as  this  is  now  nearly  completed. 

The  works  which  seem  to  fall  especially  within  the  limits  of 
the  meaning  of  the  law  are :  the  Geographical  Surveys  west  of  the 
one  hundredth  meridian,  under  the  War  Department ;  the  United 
States  Geographical  and  Geological  Surveys  of  the  Territories 
and  of  the  Rocky  Mountain  region,  under  the  Interior  Department; 
and  the  system  of  Land  Surveys,  under  the  supervision  of  the 
Land  Office.  Besides  these,  although  not  enumersited  in  the  law, 
one  of  the  most  important  works  now  in  progress  in  the  interior, 
under  Act  of  Congress,  is  the  geodetic  work  of  the  Coast  and 
Geodetic  Survey.  Parties  of  this  organization  are  now  conduct- 
ing a  systematic  triangulation  at  several  points  in  the  interior, 
and  any  general  system,  such  as  is  contemplated  in  the  above 
law,  cannot  be  wisely  devised  without  taking  into  account  the 
object  and  organization  of  this  survey.  The  objects  of  these 
various  surveys  are:  (1.)  An  accurate  geodetic  survey.  (2.)  A 
general  geographical  and  topographical  reconnoissance.  (3.)  Land 
parcelling  surveys,  on  which  the  Government  can  part  title  to 
portions  of  the  public  domain.  ^4.)  The  economic  classification 
and  valuation  of  the  public  domam.  To  these  should  be  added, 
the  gradual  completion  of  a  general  accurate  topographical  map 
of  the  whole  Territoiy  of  the  United  States,  which  shall  serve  as 
a  basis  for  all  the  scientific  and  practical  needs  of  the  Government 
and  the  people  All  this  work  may  be  included  under  two  distinct 
and  separate  heads:  (1.)  Surveys  of  mensuration.  (2.)  Surveys 
of  geology,  and  eci)nomic  resources  of  the  soil 

We  wiU  first  consider  the  present  operations  of  the  surveys  of 
mensuration.     Such  surveys  are  now  m  progress  under  five  dif- 
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ferent  independent  organizations :  that  of  the  Coast  and  Geodetic 
Survey;  of  the  Geographical  Surveys  west  of  the  one  hundredth 
meridian,  under  the  War  Department ;  of  the  topographical  work 
of  the  two  surveys  under  the  Interior  Department;  and  of  the 
Land  Survey  under  the  Land  Offica  The  final  object  of  all  these 
works  of  mensuratioti  is  the  accurate  determination  of  position, 
and  the  laying  down  of  lines  and  points  by  measurement.  There 
is  at  present  no  coordination  between  these  five  surveys.  Their 
original  determinations  of  position  are  independent ;  their  systems 
of  survey  discordant ;  their  results  show  many  contradictions,  and 
involve  unnecessary  expenditure.  The  geographical  reconnois- 
sances  carried  on  under  the  War  and  Interior  Departments  are  of 
little  value  for  the  parcelling  of  land,  while  the  land  surveys  are 
of  correspondingly  slight  topographical  and  geographical  value. 
The  operations  of  the  Coast  and  Geodetic  Survey  in  the  interior 
do  not  at  present  include  topography  and  land  parcelling.  To 
attain  the  aesirable  accuracy,  and  economy,  it  is  absolutely  essen- 
tial that  there  should  be  only  one  geodetic  system,  one  topo- 
graphical system,  and  one  land  parcelling  system,  all  conducted 
under  the  same  head.  It  is  evident  that  both  topographical  and 
land  parcelling  surveys,  to  be  properly  coordinated  and  sufficiently 
exact,  must  be  based  upon  a  single  rigid  geodetic  foundation. 
All  these  three  divisions  are  departments  of  measuring;  all  are 
based  upon  accurate  determinations  of  position ;  and,  to  be  effect- 
ively and  economically  carried  out,  should  l^  united  into  one 
comprehensive  system. 

After  a  careful  consideration  of  the  facilities  at  the  disposal 
of  the  several  existing  organizations  engaged  in  this  work,  the 
Committee  believe  that  the  Coast  and  Geodetic  Survey  is  prac- 
tically best  prepared  to  execute  the  entire  mensuration  system 
required.  Within  the  public  domain,  the  dominant  interest  of 
the  United  States  is  centered  in  the  public  lands  which  remain 
to  be  surveyed  and  sold.  The  administration  of  these  lands, 
consisting  of  1,101,107,183  acres,  is  necessarily  within  the  De- 
partment of  the  Interior,  while  the  Coast  and  Geodetic  Survey, 
having  been  originally  inaugurated  to  meet  the  wants  of  com- 
merce, has  been  hitherto  under  the  Treasury  Department.  In 
view  of  the  paramount  importance  of  the  public  lands,  the  Com- 
mittee recommend  that  the  Coast  and  Geodetic  Survey  be  trans- 
ferred from  the  Treasury  Department  to  the  Department  of  the 
Interior,  retaining  its  original  field  of  operations,  and  assuming, 
also,  the  entire  mensuration  of  the  public  domain ;  and  that,  so  mod- 
ified and  extended,  it  hereafter  be  known  as  the  United  States  Coast 
and  Interior  Survey.  This  organization  would  then  embrace,  in 
addition  to  its  former  work,  a  geodetic  survey  of  the  whole  public 
domain,  a  topographical  survey  comprising  detailed  topographical 
work  and  rapid  reconnoissance,  and  land  parcelling  surveys. 

The  Superintendent  of  the  Coast  and  Interior  Survey  should 
be  appointed  by  the  President,  and  should  report  directly  to  the 
Secretary  of  the  Interior, 
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The  best  interests  of  the  public  domain  require  for  the  purposes 
of  intelligent  administration  a  thorough  knowledge  of  its  geo- 
logical structure,  natural  resources,  and  products.  The  domain 
embraces  a  vast  mineral  wealth  in  its  soils,  metals,  salines,  stones, 
clays,  etc  To  meet  the  requirements  of  existing  laws  in  the  dis- 
position of  the  agricultural,  mineral,  pastoral,  timber,  desert,  and 
swamp  lands,  a  thorough  investigation  and  classification  of  the 
acreage  of  the  public  domain  is  imperatively  demanded.  The 
Committee,  therefore,  recommend  that  Congress  establish,  under 
the  Department  of  the  Interior,  an  independent  organization,  to 
be  known  as  the  United  States  Geological  Survey,  to  be  charged 
with  the  study  of  the  geological  structure  and  economic  resources 
of  the  public  domain ;  such  survey  to  be  placed  under  a  Director, 
who  shall  be  appointed  bv  the  President,  and  who  shall  report 
directly  to  the  Secretary  of  the  Interior. 

It  should  be  soecially  provided  that  the  Director  and  members 
of  the  Geological  Survey,  charged  as  thej  are  with  the  investiga- 
tion of  the  natural  resources  oi  the  public  domain,  shall  have  no 
personal  or  private  interests  in  the  lands  or  mineral  wealth  of  the 
region  under  survey,  and  shall  execute  no  surveys  or  examina- 
tions for  private  parties  or  corporations. 

Officers  of  the  Army  and  Navy,  when  not  otherwise  employed, 
might  be  detailed  by  the  Secretary  of  War  or  of  the  Navy  to 
take  part  in  the  operations  of  either  survey. 

With  the  inauguration  of  the  two  surveys  above  defined,  the 
Committee  recommend  a  discontinuance  (1)  of  the  present  Geo^ 
graphical  and  Geological  Surveys  west  of  the  one  hundredth 
meridian,  under  the  War  Department,  except  surveys  necessary 
for  military  purposes  and  local  internal  improvements;  (2)  of  the 
Geographical  and  Geological  survevs  now  in  progress  under  the 
Department  of  the  Interior;  and  (3)  the  present  Land  surveys 
unaer  the  Land  Office. 

The  effect  of  the  above  chan^  will  be  to  maintain  within  the 
Interior  Department  three  distinct  organizations ;  (1)  the  Coast 
and  Interior  Survey,  whose  function  wQl  embrace  all  questions  of 
position  and  mensuration ;  (2)  the  United  States  G^logical  Sur- 
vey, whose  function  will  be  the  determination  of  all  questions 
relating  to  the  geological  structure  and  natural  resources  of  the 
public  domain;  (3^  Uie  Land  Office,  controlling  the  disposition 
and  sale  of  the  puolic  lands,  including  all  questions  of  title  and 
record.  With  this  division  should  be  secured  a  perfect  codrdina- 
tion  and  codperation  between  the  three  branches.  The  Land 
Office  should  call  upon  the  Coast  and  Interior  Survey  for  all  sur- 
veys and  measurements  required  for  the  sale  and  disposition  of 
land.  The  Land  Office  should  also  call  upon  the  United  States 
G^logical  Survey  for  all  information  as  to  the  value  and  classifi- 
cation of  lands.  The  results  of  all  the  mensuration  surveys,  as 
soon  as  completed,  should  be  immediately  available  for  the  Land 
Office,  and  for  the  Geological  Survey,  and  for  other  branches  of 
the  Government  as  required.    The  Geological  Survey  should  be 
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authorized  to  execute  local  topographical  sui-veys  for  special  pur- 
poses, such,  for  instance,  as  the  subterraneous  surveys  of  mining 
districts  and  metallic  deposits,  etc. 

Each  of  the  three  organizations,  thus  defined,  should  make  an 
annual  report  of  its  operations  to  the  Secretary  of  the  Interior. 
The  pubhcations  of  the  Land  Office  should  embrace  reports  of  its 
business  operations  relating  to  the  disposition  and  sale  of  land, 
together  with  the  necessaiy  maps.  The  publications  of  the  Coast 
and  Interior  Survey,  besides  the  annual  report  of  operations, 
should  consist  of  its  geodetic  results,  geographical,  topographical 
and  cadastral  maps,  coast  charts,  and  such  discussions  and  treatises 
connected  therewith  as  the  Superintendent  shall  deem  of  value. 
The  publications  of  the  Geological  Survey  should  consist  of  an 
annual  report  of  operations,  geological  and  economic  maps  illus- 
trating the  resources  and  classification  of  the  land,  reports  upon 
general  and  economical  geology  in  all  its  branches,  with  the 
necessarily  connected  paleontology. 

All  collections  made  by  the  Coast  and  Interior,  and  the  Geo- 
logical Surveys,  when  no  longer  needed  for  the  investigations  in 
progress,  should  be  transferred  to  the  National  Museum. 

The  Committee  recommend  that,  upon  the  organization  of  the 
United  States  Coast  and  Interior  Survey  and  the  United  States 
Geological  Survey,  a  commission  be  formed,  to  consist  of  the 
Commissioner  of  the  Land  Office,  Superintendent  of  the  Coast 
and  Interior  Survey,  Director  of  the  United  States  Geological 
Survey,  the  Chief  of  Engineers  of  the  Army,  and  three  other 
persons  to  be  appointed  by  the  President,  who  shall  take  into 
consideration  the  codification  of  the  present  laws  relating  to  the 
survey  and  disposition  of  the  public  domain  ;  and  who  shall  report 
to  Congress  within  one  year  a  standard  of  classification  and  valu- 
ation of  the  public  land,' together  with  a  system  of  land  parcelling 
survey.  The  necessity  of  this  commission  is  evident  from  the  fact 
that  by  far  the  larger  part  of  the  public  domain  lies  in  the  region 
where,  from  geological  and  climatic  causes,  the  lands  are  for  the 
most  part  not  valuable  for  field-culture ;  and  where  the  system  of 
homestead  preemption  and  sale  in  accordance  with  existing  laws 
is  both  impracticable  and  undesirable. 

In  regard  to  publications  of  the  two  surveys  above  defined,  the 
Committee  recommend  that,  besides  the  number  of  copies  of  each 
report  which  Congress  may  order  for  its  own  distribution,  three 
thousand  copies  be  published,  for  scientific  exchanges  by  the  heads 
of  these  surveys,  and  for  sale  at  the  price  of  publication ;  that  all 
literary  and  cartographic  material  received  by  the  heads  of  these 
surveys  in  exchange  be  the  property  of  the  United  States,  and 
form  a  part  of  the  libraries  of  the  two  organizations;  that  the 
money  resulting  from  the  sale  of  these  publications  be  covered 
into  the  Treasury.  The  Committee  recommend  that  the  annual 
reports  of  operations  of  the  two  surveys  accompany  the  report  of 
the  Secretary  of  the  Interior;  that  the  special  memoirs  and  reports 
of  both  surveys  be  issued  in  uniform  quarto  series ;  that  the  style 
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and  scale  of  the  cartographic  publications  be  determined  by  the 
bead  of  each  organization,  so  as  to  express  the  scientific  results  in 
the  most  effective  and  economical  manner. 

All  of  which  is  respectfully  submitted : 

O.  C.  Mabsh,  Vice  President,  and  Acting  President 

James  D.  Daka,  William  B.  Rogbbs,  J.  S.  Newberry,  W. 
P.  Trowbridge,  Simon  Newcomb,  Alex.  Agassiz,  Members  of 
the  Committee, 

[This  Report  was  submitted  to  Congress  at  the  opening  of  the 
present  session  and  referred  to  the  Committee  on  Appropriations.] 

8.  New  York  Academy  of  Sciences, — Nos.  1  to  4  of  the  Annals  of 
the  New  York  Academy  of  Sciences  (late  Lyceum  of  Natural  His- 
tory), extending  to  128  pages,  8vo,have  been  published.  They  con- 
tain papers  by  H.  C.  Bolton,  on  the  application  of  organic  acids  to 
the  examination  of  minerals;  on  prehistoric  Bronze  bells  from  Japan, 
by  H.  S.  Munroe ;  on  the  variations  in  Lepidodendron  and  Sigil- 
laria,  by  H.  L.  Fairchild ;  on  new  species  of  Birds,  by  G.  N.  Law- 
rence ;  on  the  literature  of  titanium,  by  E.  J.  Hallock ;  on  new 
fossils  of  the  Upper  Silurian  of  Port  Jervis,  by  S.  F,  Barrett ;  on 
new  fossil  fishes  of  the  Trias,  by  J.  S.  Newberry ;  and  they  are 
illustrated  by  nine  plates,  six  of  them  by  11.  L.  Fairchild.  Dr. 
Newberry  describes  Diplurus  longicaudatvs,  from  Boonton,  N.  J., 
and  Ptycholepis  Marshiiy  from  Durham,  Conn. 

4.  Anales  de  la  Oficina  Meteorologica  Argentina;  por  su 
Director,  B.  A.  Gould.  Tome  1.  Clima  de  Buenos  Ayres.  4to, 
pp.  6*28,  and  17  plates.  Buenos  Ayres,  1878. — This  first  volume 
of  Annals  of  the  Meteorological  Bureau  of  the  Argentine  Republic 
contains  the  first  four  annual  reports  of  the  Director.  Following 
these  are  tables  exhibiting  the  peculiarities  of  the  climate  of  the 
city  of  Buenos  Ayres.  The  materials  for  this  discussion  are  quite 
full  records  of  meteorological  observations  since  1856,  and  less 
complete  ones  during  scattered  years  from  1801  to  1856.     The 

?rincipal  part  of  the  computations  were  made  by  Dr.  Gutermann. 
'he  results  are  very  Mly  exhibited  in  the  plates.  In  the  future 
volumes  of  the  Annals,  Dr.  Gould  expects  to  give  the  observa- 
tions made  at  numerous  other  points  in  the  Republic,  with  discus- 
sions of  them. 

5.  Science  News,— A  new  scientific  periodical,  under  the  editor- 
ship of  Ernest  Ingersoll  and  W.  C.  Wyckoff^,  and  published  fort 
nightly  by  S.  E.  Cassino,  at  Salem,  Mass.  Each  number  is  to 
contain  at  least  sixteen  pages  octavo  of  reading  matter,  and  its 
peculiar  feature  is  stated  to  be  "the  prompt  publication  of  scien 
tific  news."  No.  1  (November  1st),  contains  short  articles  by 
Dr.  C.  C.  Abbott,  Professor  F.  W.  Clarke,  Dr.  Elliott  Coues  and 
others;  Nos.  2  and  3  are  chiefly  occupied  with  abstracts  of  papers 
read  at  the  recent  meeting  of  the  National  Academy  of  Sciences. 

6.  An  American  Oeologiccd  Railway  Guide,  giving  the  geo- 
logical formcUion  at  every  railway  station,  with  notes  on  interest- 
ing places  on  the  routes,  and  a  description  of  each  of  the  forma- 
tions; by  James  Macfabi^nb,  Ph.D.     216  pp.  8vo.     New  York, 
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1879.  (D.  Appleton  &  Co.) — The  scope  and  geueral  object  of  this 
work  are  well  stated  in  the  above  title.  It  occupies  a  decidedly 
new  place  among  handbooks  of  travel  and  contains  a  great  amount 
of  information  in  a  very  condensed  form. 

7.  Essentials  of  Chemistry  ^  Inorganic  and  OrganiCyfor  the  tdse 
of  Students  in  Medicine  /by  R.  A.  Wittuaus.  New  York,  1879. 
18mo,  pp.  267.  (William  Wood  &  Co.)— The  author  has  skillfully 
condensed  the  "  Essentials  of  Chemistry,"  for  the  Medical  student, 
into  a  vest-pocket  catechism,  which  nilfills  well  the  object  for 
which  his  little  volume  has  been  prepared. 

8.  Handbook  of  Alabama:  A  complete  index  to  the  State; 
with  a  geological  map  and  an  Appendix  of  useful  tables,  by 
Saffold  Bbrney. — ^This  volume  contains  a  valuable  outline  of 
the  geology  of  Alabama,  with  a  geological  map  of  the  State,  by 
Eugene  A.  Smith,  Ph.D.,  State  Geologist. 

The  A]DAteur*8  Handbook  of  practical  Infonnation  for  the  Workshop  and  the 
Laboratory :  containing  direotionB  for  bronzing,  lacquering,  polishing  metal,  etc. 
44  pp.  ISmo.    New  York,  1878.  (The  Industrial  Publication  Company). 

On  the  Structure  of  the  Stylasteride.  A  family  of  Hydroid  Stony  Corals,  by  H . 
N.  Moeeley,  F.R.S.,  late  Naturalist  on  board  H.  M.  S.  ChaUenger.  (From  the  Phi- 
losophical Transactions  of  the  Royal  Sodety,  Part  II,  1878. 

Annual  Report  of  the  Chief  Signal  Officer  to  the  Secretary  of  War  for  the  year 
1877.    670  pp.  Sto,  with  34  maps  and  18  charts.    Washington,  1877. 

Description  of  eight  new  species  of  Holocystites  from  the  Niagara  Group,  by  S. 
A.  Miller.  The  new  species  are :  H.  Brauni^  H.  Weiherbyij  H.  amatus^  H.  peHongui, 
K  globonUf  H.  pusiulomte^  H.  plmua^  K  elegans ;  they  are  from  Jefferson  and  Ripley 
counties,  Indiana. 

Remarks  on  some  Lamellibranchiate  Shells  of  the  HudsoD  RiTer  Group  by  R.  P. 
Whitfield.  The  new  species  are:  Oyprioardites  quadtangulaHaj  Oimeamya  curtOf 
Orthoddtma  Mickleborwghi,  Sedgwickia  (t)  htrnMa;  locality,  Clinton  Co.,  Ohio. 

A  Handbook  of  the  Electric  Telegraph,  by  A.  E.  Loring.  98  pp.  12mo.  New 
York,  1878  (Van  Nostrand's  Science  Series). 

Statistical  Sketch  of  South  Australia,  by  Josiah  Boothby.  86  pp.  Svo.  London, 
1876.  Published  by  authority  of  the  Government  (Sampson  Low,  Marston, 
Searle,  t  Rivington,  London.) 

The  American  Antiquarian :  a  Quarterly  Journal  devoted  to  Early  American 
History,  Ethnology,  and  Archeology.  Edited  by  Rev.  Stephen  D.  Peet,  of  Union- 
ville,  Ohio.  Published  by  Brooks,  Schinkel  A  Co.,  Cleveland,  Ohio.— Vol  i.  No.  2, 
July,  August  and  September,  1878. 

A  Monograph  of  ue  Silurian  Forests  of  the  Girvan  District  in  Ayrshire,  by  H. 
AUeyne  Nusholson  and  Robert  Etheridge,  Jr.  Fasciculus  I.  Rhisopoda,  Actin- 
osoa,  Trilobita.  136  pp.  8vo,  with  ix  plates.  Edinburgh  and  London,  1878. 
(William  Blackwood  ft  Sons.) 

Report  on  tiie  Meteorological  Service  of  the  Dominion  of  Canada,  by  the  Super- 
intendent; to  which  is  appended  the  Report  of  the  Directors  of  the  Magnetic  and 
other  Obeervaiories,  for  the  year  endhig  December  31st,  1877.    Ottawa^  1879. 
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Art.  IX — A  new  Order  of  ExHnct  Reptiles  (Sauranodonta), 
Jrom  the  Jurassic  Formation  of  the  Rocky  Mountains;  by 
Professor  O.  C*  Marsh. 

The  absence  of  the  genus  Ichthyosaurus  in  the  extinct  fauna 
of  this  country  has  long  been  a  noteworthy  feature,  for  up  to 
the  present  time  no  traces  of  it  have  been  detected,  although  its 
remains  are  especially  abundant  in  Europe.  An  interesting 
specimen  recently  discovered  in  the  Eocky  Mountain  region 
presents,  in  most  of  its  skeleton,  the  characteristics  of  that 
genus,  but  is  without  teeth.  The  vertebrse,  ribs,  and  other  por- 
tions of  the  skeleton  preserved,  cannot  be  distinguished  from 
the  corresponding  parts  of  Ichthyosaurus^  and  many  features 
of  the  skull  show  a  strong  resemblance.  The  general  form  of 
Ae  skull  is  the  same.  The  great  development  of  the  premax- 
illaries ;  the  reduced  maxillaries ;  the  huge  orbit  defended  by 
a  ring  of  bony  plates,  are  all  present,  but  the  jaws  appear  en- 
tirelv  edentulous,  and  destitute  even  of  a  dentary  groove.     . 

The  proportions  of  this  reptile  were  very  similar  to  those  of 
Ichthyosaurus.  The  skull  is  about  two  feet  (600"*^)  in  length, 
and  the  facial  portion  especially  produced.  The  orbits  are  very 
large,  and  the  space  between  them  is  140°*™.  The  sclerotic  ring 
is  composed  of  only  eight  plates.  Its  diameter  at  the  base  is 
106"",  and  at  the  apex  5b"™.  These  plates  are  not  arranged 
in  a  nearly  flat  ring,  as  in  Ichthyosaurus^  but  form  the  basal  seg- 
ment of  an  elongated  cone,  as  in  the  eyes  of  some  birds.  The 
vertebra  are  short,  and  deeply  bi-concave.  The  neural  arch  is 
articulated  to  the  centrum.  One  trunk  vertebra  measures  85"" 
in  width,  88""  in  length  on  the  floor  of  the  neural  canal,  and 
21°™  between  the  centers  of  the  two  rib  articular  faces  of  the 
same  side;  The  length  of  the  entire  animal  was  about  eight  or 
nine  feet  The  remains  at  present  known  are  all  in  the  Museum 
of  Yale  Collie. 

Am.  Joub.  Soi.— Third  Ssbibs,  Vol.  XVH,  No.  97.— Jam.  ,  1879. 
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This  reptile  may  be  called  Sauranodon  natans,  and  the  order 
it  represents  Sauranodon ta.  This  genus  bears  a  similar  relation 
to  the  Ichthyosaurs  that  Pteranodon  does  to  the  true  Pterodac- 
tyls, and  it  is  interesting  to  find  the  two  highly  specialized 
forms  preserved  in  the  same  region. 

The  geological  horizon  of  the  iSauranodontidoe^  so  far  as  now 
known,  is  in  the  Jurassic,  immediately  below  the  Atlantosaurus 
beds.  The  accompanying  fossils  are  Ammonites  and*  Belem- 
nites,  showing  more  distinctly  marine  deposits,  which  may  be 
called  the  Sauranodon  beds. 
Yale  College,  New  Haven,  December  27, 1878. 


j&BT.  X. — Principal  Characters  of  American  Jurassic  Dinosaurs; 
by  Professor  O.  C.  Marsh.     Part  II.     With  eight  Plates. 

In  a  previous  article  (vol.  xvi,  p.  411,  Nov.,  1878),  the 
writer  gave  a  short  account  of  the  geological  horizon  and 
accx»mpanying  fossils  of  the  Jurassic  Dinosaurs  recently  found  in 
the  Rocky  Mountains ;  and  also  stated  the  more  important 
characters  of  the  gigantic  Sauropoda,  as  illustrated  mainly  by 
the  genus  Morosaurus,  In  the  present  communication,  this 
group  is  further  elucidated  by  a  comparison  of  the  structure  in 
some  other  American  genera,  especially  Apatosaunis  9mA  Atlan- 
tosaurus, to  which  belong  the  largest  reptiles  hitherto  dis- 
covered. The  carnivorous  enemies  of  this  group  are  also  briefly 
described.  The  pelvis  of  Dinosaurians,  hitherto  so  little  known, 
is  illustrated  by  new  examples,  and  by  the  corresponding  parts 
in  some  recent  birds. 

Apatosaurus  Marsh,  1877.* 

The  genus  Apatosaurus  may  be  readily  distinguished  from 
Morosaurus  by  the  sacrum,  which  consists  of  only  three  verte- 
brae instead  of  four  (Plates  V  and  VI,  figures  1  and  2.)  The 
ischium,  also,  has  its  distal  end  expanded.  The  scapula,  like- 
wise, is  quite  difierent,  its  superior  extremity,  being  without  the 
anterior  extension  seen  in  Morosaurus  (Plate  IV.)  So  far  as  at 
present  known,  the  latter  character,  together  with  the  form  of 
the  sacrum,  separates  it  from  the  allied  genus  Atlantosaurus. 

The  cervical  vertebrae  of  Apatosaurus  are  strongly  opistho- 
coelian,  and  of  moderate  length.  (Plate  IIL  figures  1  and  2.) 
The  dorsals  have  their  centra  similar,  and  both  have  deep  cavi- 
ties in  the  sides  and  in  the  neural  arch  resembling  those  in  the 
corresponding  vertebrae  of  Morosaurus,  The  lumbar  vertebrae 
have  tneir  articular  faces  more  nearly  plane,  and  the  last  lumbar 
*  This  Journal,  vol  xiv,  p.  614. 
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is  expanded  transversely.  The  sacrum  is  characteristic  of  the 
genus,  and  quite  unlike  any  hitherto  known.  The  type  speci- 
men on  which  the  genus  was  established  is  well  shown  in  Plate 
Vr,  figure  1.  It  is  short  and  massive,  and  the  three  vertebrae 
which  form  it  are  nearly  equal  in  size  and  general  proportions. 
They  are  firmly  codssified,  and  their  transverse  processes  are 
ankylosed  to  the  centra.  Those  on  each  side  are  united  distally 
into  a  solid  mass,  which  rests  on  the  short  ilium.  The  articular 
faces  of  the  sacral  vertebrae  are  nearly  plane.  That  of  the  ante- 
rior centrum  is  a  transverse  oval  in  outline,  and  the  posterior 
face  is  more  nearly  round.  The  centra  and  their  processes  are 
somewhat  lightened  by  cavities,  as  in  the  sacra  of  AUaninsaurus 
and  Morosaurus.  The  sacrum  of  the  latter  genus,  shown  in  fig- 
ure 2  of  Plate  V,  is  built  upon  the  same  general  plan,  character- 
istic of  the  JSauropoda,  but  the  transverse  processes  are  less 
massive,  and  have  a  greater  vertical  elevation.  The  same  sac- 
rum is  shown  in  position  in  Plate  V,  figure  1.  A  striking 
feature  of  this  sacrum  is  seen  in  the  large  size  of  the  neural 
canal  {nc)y  which,  strange  to  say,  is  here  two  or  three  times  the 
diameter  of  the  brain  cavity.  This  is  a  most  suggestive  fact, 
and  without  parallel  in  known  vertebrates. 

The  scapula  of  Apatosaurus  is  large  (Plate  IV),  and  has  in 
its  lower  portion  an  anterior  projection  similar  to  that  in  Mora- 
saurits,*  Above  this,  the  shaft  continues  about  the  same  width 
to  the  upper  end,  which  is  comparatively  thin.  The  coracoid 
is  small  in  proportion  to  the  scapula,  and  subquadrate  in  out- 
line, thus  differing  in  form  from  that  of  Morosaurus,  The  for- 
amen is  large,  and  near  the  superior  border. 

There  is  at  present  some  difficulty  in  separating  the  limb 
bones  and  various  other  parts  of  the  skeleton  of  Apatosaurus  from 
the  corresponding  portions  of  AdantosauruSy  especially  as  the 
type  species  of  each  are  nearly  equal  in  size,  and  their  remains 
are  found  in  the  same  localities.  The  sacra  show  the  genera  to 
be  quite  distinct,  and  the  abundant  material  now  in  the  Yale 
Museum,  when  carefully  collated,  will  enable  other  parts  of  the 
structure  to  be  compared.  The  teeth  in  all  the  herbivorous 
genera  of  the  Sauropoda  from  the  Atlantosaurus  beds,  so  far  as 
now  known,  appear  to  be  very  similar,  and  hence  do  not  aflbrd 
generic  characters. 

The  type  species  of  the  present  genus  is  Apatosaurus  ajax 
Marsh,  and  the  known  remains  indicate  a  reptile  at  least  fifty 
feet  in  length.  A  much  larger  species  is  inaicated  by  various 
remains  from  the  same  locality  in  Colorado,  among  which  is 
the  huge  cervical  vertebra  represented  in  Plate  III,  figures  1  and 
2.  This  species  had  a  short  massive  neck,  and  hence  may  be 
•  This  Journal,  vol.  xvi,  Plate  VI. 
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called  Apatosaurus  laticoUis.  The  size  of  the  entire  animal  maj 
be  judged  from  this  vertebra,  which  measures  over  three  and  a 
half  feet  (1'07  m)  in  width.  This  would  imply  a  neck  at  this 
point  not  less  than  five  or  six  feet  wide, — a  marked  contrast 
to  the  lon^  and  slender  neck  of  Morosaurus  grandis,  a  verte- 
bra of  which  is  figured  iu  the  same  plate  for  comparison.  All 
the  cervical  vertebrae  of  the  present  species  now  known  are 
unusuallv  short,  and  the  neural  spine  is  rudimentary  or  want- 
ing. With  the  exception  of  the  articular  faces  of  the  centra, 
the  resemblance  of  these  cervicals  to  those  in  some  birds  is 
very  striking. 

The  limb  bones  at  present  referred  to  this  species  have  a 
general  resemblance  to  those  of  Morosaurus,  described  by  the 
writer  in  the  previous  article.  The  pelvic  bones  appear  to  be 
more  like  those  of  Ailaniosaurus. 

The  more  important  remains  of  this  genus  now  known  were 
found  in  the  Upper  Jurassic  of  Colorado,  by  Mr.  Arthur  Lakes, 
of  the  Yale  Museum,  to  whom  science  is  indebted  for  other 
interesting  discoverie& 

Atlantosaurus  Marsh,  1877.* 

The  typical  species  of  this  genus  is  Atlantosaurus  montanus^ 
and  the  type  specimen  on  which  it  was  based  is  represented  by 
the  sacrum  figured  in  Plate  VI,  and  various  fragmentary  re- 
mains found  with  it,  and  pertaining  to  the  same  individual. 
This  sacrum  resembles  that  of  Morosaurus  (Plate  V,  figure  2), 
in  having  four  vertebrsB,  but  a  comparison  of  the  two  shows 
many  differences.  The  centra  of  the  second  and  third  verte- 
brsB  are  deeply  excavated  below  on  each  side,  leaving  a  com- 
paratively narrow  keel  on  the  median  line.  From  each  opening 
oetween  the  transverse  processes,  a  large  cavity  extends  in- 
ward and  backward  into  the  centra,  greatly  lessening  the  weight 
of  the  sacrum.  These  important  characters  were  mentioned  in 
the  original  description,  (vol.  xiv,  p.  87,  July,  1877),  in  which 
the  discovery  of  these  large  reptiles  was  first  announced. 

The  ilium  in  Atlantosaurus  is  comparatively  short  and  massive, 
but  its  exact  outline  has  not  been  fully  determined.  Its  articu- 
lations resemble  those  in  the  ilium  oi  Morosaurus,  and  in  the 
pelvis  represented  in  Plate  VII,  figure  2,  the  outline  of  this  bone 
IS  restored  from  that  genus.  The  pubis  is  somewhat  like  that 
in  Morosaurus,  and  its  position  in  the  pelvis  very  similar.  It 
has  three  distinct  articular  faces  on  its  proximal  end,  and,  below 
the  ischiadic  union,  a  post  pubic  projection  indicated  in  the 
diagram  by  p\  The  distal  end  is  expanded,  and  rugose  for 
union  with  its  fellow  on  the  median  line,  as  shown  in  the  pelvic 
*  This  Journal,  vol  xiv,  p.  614.    Also  p.  87. 
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arch  of  Morosawrus^  in  Plate  V,  figure  1.  The  ischium  is  less 
massive  than  the  pubis,  and  it  is  directed  downward,  backward 
and  inward.  The  acetabular  face  is  larger  than  that  of  the 
pubis.  The  shaft  of  the  ischium  is  not  curved  as  in  Morosaunts, 
and  the  distal  end  is  widely  expanded,  and  unites  with  its  fel- 
low on  the  median  line,  in  a  strong  symphysis.  The  difference 
in  the  pelves  of  the  two  genera  are  well  shown  by  a  comparison 
of  the  figures  in  Plate  VIL  The  ischium  of  Morosaurus  is  some- 
what more  twisted  in  its  distal  half  than  the  artist  has  drawn  it 
in  figure  1,  where  the  three  bones  are  represented  nearly  in  the 
same  plane. 

The  vertebrae  referred  to  Allantosaurus  are  opisthoccelian  in 
the  cervical  region,  and  the  caudals  preserved  resemble  those  in 
Morosaurus,  The  limb  bones,  so  far  as  known,  are  similar  in 
their  more  important  characters  to  those  in  that  genus. 

The  two  species  now  placed  in  the  genus  Atlantosaurus  are 
the  type,  A.  monianus,  and  A,  immartis,  which  contain  the 
largest  land  animals  yet  discovered.  The  latier  species  may 
possibly  belong  to  the  genus  ApatosauriLs. 

The  genera  of  Sauropoda  above  described  and  figured,  viz : 
Morosaurus^  Diplodocus^  Apatosaurus  and  AtlaniosauruSy  show 
this  suborder  to  be  a  well  marked  and  natural  group,  the  most 
generalized  of  the  Dinosaurs.  Some  other  generic  names  have 
been  given  to  members  of  this  group  by  Cope,  which  I  shall 
review  at  another  time.  He  still  places  the  horizon  of  these  rep- 
tiles in  the  Cretaceous,  although  the  evidence  of  their  Jurassic 
age  seems  now  conclusive.  In  one  species  which  he  calls  Cam- 
arasaurus  supremus  {\dentic2Ll  according  to  Professor  Owen  with 
his  genus  Chondrosieosaurus  from  the  English  Wealden),f  he 
says,  in  the  sacrum,  "the  centra  are  like  those  of  the  caudal 
vertebrae  composed  of  dense  bone,'*!  a  statement  wholly  dis- 
cordant with  the  known  characters  of  the  group.  He  likewise 
describes  the  diplosphenal  articulation  of  the  vertebrae  as  un- 
known, and  states  (page  76)  that  it  "has  not  been  observed  in 
any  other  animals ;"  whereas  it  has  long  been  known  in  Megalo- 
sauruSy  one  of  the  earliest  Dinosaurs  described,  as  well  as  in 
other  genera.  The  pelvic  bones  of  this  species,  he  says,  do  not 
resemble  those  of  Dinosauria,  when,  on  tne  contrary,  the  pubis 
he  figures  is  typical  in  the  group.  Conclusions  based  on  such 
work  will  naturally  be  received  with  distrust  by  anatomists. 

AUosauridcB, . 

In  addition  to  the  huge  Sauropoda^  and  the  small  species  of 
the  genus  Laosaurus^  described  in  the  previous  article,  numerous 

J  Annals  and  Mag.  Nat  Hist,  vol  ii,  p.  201,  Sept,  1878. 
Am.  Natoralist,  vol.  xii,  p.  77. 
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remains  of  carnivorous  Dinosaurs  occur  in  the  same  beds,  and 
indicate  the  natural  enemies  which  kept  in  check  their  herbivo- 
rous cotemporariea  These  carnivorous  forms  represent  two 
very  distinct  families;  the  Allosauridce,  resembling  in  many 
respects  Megalosaurus  and  its  near  allies;  and  the  Nanosauridoe^ 
a  widely  diflferent  group,  which  appears  to  have  some  affinities 
with  Cumpsogitaihus,  In  the  present  article,  the  former  group 
is  briefly  discussed,  and  both  will  be  more  fully  described  in  a 
future  communication. 

The  genus  Alhsaurus  is  typical  of  the  family,  which  also 
includes  GreosanruSy  and  Labrosaurus.  The  first  named  genus 
presents  some  very  interesting  features  in  the  vertebrsB,  and 

{)elvic  arch.  The  vertebrae  first  described  are  remarkable 
or  the  reduction  of  the  centrum  by  constriction,  so  that  the 
requisite  lightness  is  secured  without  cavities  in  the  interior. 
This  is  shown  in  the  lumbar  vertebra  represented  in  Plate  X, 
figures  3  and  4.  The  diplosphenal  articulation  of  the  zyapoph- 
yses,  seen  in  the  corresponding  vertebrae  of  Megalosaurus,  and 
in  some  other  Dinosaurs,  is  well  marked  in  these  vertebrae. 

The  sacrum  in  Allosaurus  apparently  contains  four  verte- 
brae only,  and  these  have  very  snort  and  stout  transverse  pro- 
cesses, not  united  at  their  aistal  ends.  These  processes  are 
coossified  with  the  sides  of  the  centra,  and  their  extremities  are 
obliquely  truncated  for  union  with  the  ilia,  which  thus  stand 
nearly  vertical,  or  somewhat  divergent  abova  The  exact 
form  of  the  ilium  is  not  known  with  certainty,  and  in  the  dia- 
gram given  in  Plate  VIII,  figure  2,  the  outline  is  taken  from 
the  ilium  of  Crt^osaurus,  The  pubis  is  perhaps  the  most 
remarkable  bone  in  the  skeleton,  and  its  determination  and . 
position  solve  many  difficulties  in  the  structure  of  the  Dinosau- 
rian  pelvis,  especially  in  the  Carnivorous  types.  At  its  proxi- 
mal end,  this  bone  has  four  well-marked  articular  faces;  one 
in  front  for  the  ilium;  next  the  acetabular  face;  an  oblique 
face  for  the  ischium;  and  below  this  another,  of  about  equal 
size,  to  whi<>h  a  separate  bone  was  apparently  articulated. 
Judging  from  the  structure  of  the  pelvis  in  Laosaurus,  this 
bone  should  be  the  postpubis,  and  it  is  so  indicated  in  the 
figure  (Plate  VIII,  figure  2,  p').  The  shaft  of  the  pubis  is 
blender,  and  the  distal  end  is  expanded  longitudinally,  and 
firmly  coossified  with  its  fellow.  The  two  seen  from  the  front 
resemble  an  acute  letter  Y-  This  type  of  pubic  bone  has  long 
been  a  puzzle  to  anatomists,  and  portions  of  it  have  been 
referred  to  various  parts  of  tbe  skeleton.  The  ischia,  also,  are 
closely  united  on  the  middle  line  throughout  the  distal  half, 
but  are  not  ankylosed.  This  makes  the  entire  pelvic  arch  a 
remarkably  narrow  one. 
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The  large  bones  in  AUosaurus  are  hollow,  and  the  metatar- 
sals slender.  The  terminal  phalanges  were  armed  with  sharp 
claws.  With  the  remains  described  above,  a  large  spine  was 
found,  similar  in  general  form  to  that  of  Omosaurus  armatus 
described  by  Owen. 

The  type  of  AUosaurus  is  A,  fragilis*  the  remains  of  which 
indicate  a  reptile  probably  twenty-five  feet  in  length,  and  of 
slender  proportions 

The  genns  Oreosaurus  appears  to  be  most  nearly  relate  in 
its  vertebrae  and  ilium  to  Afegabsaurus.  It  has  apparently  one 
less  vertebra  in  its  sacrum,  and  the  ilium  has  in  front  of  its  pu- 
bic process  an  articular  face  which  has  not  been  observed  in 
the  latter  genu&  The  position  of  this  surface  is  indicated  in 
Plate  X,  figure  1,  /  and  it  may  have  supported  a  prepubic 
bona  The  sacral  vertebrae  are  elongated,  and  the  transverse 
processes  are  placed  higher  up  on  the  centra  than  those  in  AUo- 
saurus, The  teeth  in  both  genera  are  of  the  Megalosaurus  type, 
and  in  the  whole  group  are  so  similar  as  to  be  of  little  value 
for  the  determination  of  speciea  The  type  of  Oreosaurus^  is 
C.  atrooCjf  a  reptile  about  twenty  feet  in  length. 

A  third  genus  of  carnivorous  Dinosaurs  contains  individuals 
of  somewhat  smaller  size,  and  of  this  group  the  species  named 
AUosaurus  lucarisX  is  the  type.  The  cervical  vertebrae  are  short 
and  strongly  opisthocoelian,  and  the  dorsals  moderately  so. 
All  these  vertebrae  have  very  large  cavities  in  the  centra,  which 
connect  with  the  exterior  by  a  comparatively  small  foramen  on 
each  side.  The  neural  spines  of  the  dorsal  vertebrae  are  elevated 
and  transverse,  and  the  vertebrae  now  known  do  not  show  the 
diplosphenal  articulation.  The  fore  limbs  in  this  genus  are 
quite  small,  and  the  humerus  is  curved,  and  has  a  large  radial 
crest  This  genus  is  distinct  fron  AUosaurus^  and  may  be  called 
Labrosaurfi6,  the  type  being  Labrosaurus  lucaris. 

All  of  the  carnivorous  Dinosaurs  known  from  the  Atlanto- 
saurus  beds  appear  to  have  moved  mainly  on  the  posterior  limbs. 
The  large  bones  were  hollow,  and  many  of  the  vertebrae,  as  well 
as  some  of  the  feet  bones,  contained  cavities,  or  were  otherwise 
lightened  to  facilitate  rapid  movement 

The  reptilian  remains  described  in  these  two  communications 
are  preserved  in  the  Museum  of  Yale  College.  In  addition  to 
these  fossils,  the  collection  contains  a  large  quantity  of  similar 
specimens,  from  the  same  localities  and  horizon,  some  of  which 
pertain  to  the  same  skeletons  as  those  here  illustrated.  The 
carelul  investigation  of  this  entire  series  will  require  much  time, 
but  promises  important  results. 

*  This  Joamal,  vol  xiv,  p.  616.        f  Ibid.,  voL  xv,  p.  243. 
X  Ibid.,  YoL  XY,  p.  242. 
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The  descriptioDs  and  illastratioDs  giveo  in  this  and  the  pre- 
ceding  article  make  clear  the  general  structure  of  the  Dinosau- 
rian  pelvic  arch,  which  has  so  long  been  in  doubt  In  the 
Sauropodaj  the  elements  of  this  arch  are  seen  united  in  forms 
that  admit  of  direct  comparison  with  other  more  typical  rep- 
tiles, each  ^enus  of  the  ^roup  having  its  own  special  features. 
In  the  smaller,  more  specialized,  herbivorous  forms,  exemplified 
by  Laosaurus^  an  advance  is  seen,  especially  in  the  pubic  ele- 
ments, where  the  long  rod-like  avian  bone  is  fully  developed, 
and  the  anterior  part,  or  true  reptilian  pubis,  is  still  prominent 
In  the  Carnivorous  forms  represented  by  AUosaurus^  a  more 
complicated  structure  is  seen  to  exist,  but  additional  material 
will  be  necessary  to  elucidate  it  fully.  In  the  pelves  of  the 
recent  birds,  given  in  Plate  IX,  the  remnant  of  the  reptilian 
pubis  is  still  plainly  to  be  seen,  especially  in  Oeococcyx.  It  is 
not  improbable  that  the  retention  of  this  process  may  be  due 
in  part  to  the  habits  of  certain  species,  as  it  seems  to  be  best 
developed  in  running  birds,  and  those  that  especially  use  the 
posterior  limbs.  The  same  process,  apparently,  is  seen  in  some 
mammals,  where  it  may  serve  a  similar  purpose.  The  ilium 
and  ischium  undergo  but  comparatively  little  change  from  the 
Saurapoda  to  recent  birda  The  sacrum,  however,  is  gradually 
strengthened  by  the  addition  of  vertebrsa,  and  their  more 
perfect  coossification. 

Yale  OoUege,  New  Hayen,  December  27,  1878. 

[To  be  oontuiQecL] 
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Abt.  XL — Discussion  of  the  Working  Hypothesis  that  the  so-called 
JSlemenis  are  Compound  Bodies;*  by  J.  Norman  Lockyer, 
F.RS. 

It  is  known  to  many  Fellows  of  the  Society  that  I  have  for 
the  last  four  years  been  engaged  upon  the  preparation  of  a  map 
of  the  solar  spectrum  on  a  large  scale,  the  work  including  a 
comparison  of  the  Fraunhofer  lines  with  those  visible  in  the 
spectrum  of  the  vapor  of  each  of  the  metallic  elements  in  the 
electric  arc. 

To  give  an  idea  of  the  thoroughness  of  the  work,  at  all  events 
in  intention,  I  may  state  that  the  complete  spectrum  of  the  sun, 
•on  the  scale  of  the  working  map,  will  oe  half  a  furlong  (830  ft) 
long ;  that  to  map  the  metallic  lines  and  purify  the  spectra  in 
the  manner  which  has  already  been  described  to  the  Society, 
more  than  100,000  observations  have  been  made  and  about  two 
thousand  photographs  taken. 

In  some  of  these  photographs  we  have  vapors  compared 
with  the  sun,  in  others  vapors  compared  with  each  other ;  and 
others  again  have  been  taken  to  show  which  lines  are  long  and 
which  are  short  in  the  spectra. 

I  may  state  in  way  of  reminder  that  the  process  of  purifica- 
tion consisted  in  this:  When,  for  instance,  an  impurity  of  man- 
ganese was  searched  for  \u  iron,  if  the  longest  line  of  Mn  was 
absent,  the  short  lines  must  also  be  absent  on  the  hypothesis 
that  the  elements  are  elementary ;  if  the  longest  hne  was 
present,  then  the  impurity  was  traced  down  to  the  shortest  line 
present 

*  Paper  read  at  the  Rojal  Society,  Deoember  12,  1878. 
Ax.  Jonm.  80I.— Thibd  Sbsibb,  Vol.  XVIL— No.  96,  Feb.,  1879. 
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The  Hypothe$%8  that  tfie  JSlemerUs  are  Simple  Bodies  does  not 
include  all  the  PhenomencL 

The  final  reduction  of  the  photographs  of  all  the  metallic 
elements  in  the  r^on  89-10,  a  reduction  I  b^an  in  the  early 
part  of  the  present  year,  and  which  has  taKen  six  months, 
summarized  all  the  observations  of  metallic  spectra,  compared 
with  the  Fraunhofer  lines,  accumulated  during  the  whole  period 
of  observation.  Now  this  reduction  has  shown  me  that  the 
hypothesis  that  identical  lines  in  different  spectra  are  due  to 
impurities  is  not  sufficient  I  shall  show  in  detail  in  a  subse- 
quent paper  the  hopeless  confusion  in  which  I  have  been 
landed.  I  limit  myself  on  the  present  occasion  to  giving  tables 
showing  how  the  hypothesis  deals  with  the  spectra  of  iron  and 
titanium. 

We  find  short  line  coincidences  between  many  metals  the 
impurities  of  which  have  been  eliminated  or  in  which  the 
fireedom  from  mutual  impurity  has  been  demonstrated  by  the 
absence  of  the  longest  lines. 
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Evidences  of  Celestial  DissoeicUion. 

It  is  five  years  since  I  first  pointed  out  that  there  are  many 
facts  and  many  trains  of  thougnt  suggested  by  solar  and  stellar 
physics  which  point  to  another  hypothesis — namely,  that  the 
elements  themselves,  or  at  all  events  some  of  them,  are  compound 
bodies. 

In  a  letter  written  to  M.  Dumas,  December  8,  1878,  and 
printed  in  the  Comptes  Bendus,  I  thus  summarized  a  memoir 
which  has  since  appeared  in  the  Philosophical  Transactions. 

^'  n  semble  que  plus  una  6toile  est  chande  plus  son  spectre  est 
simple,  et  <}ue  les  616ment8  m^talliques  se  font  voir  dans  Pordre 
de  leurs  poids  atomiques.* 

^^  Ainsi  nous  avons : 

"  1.  Des  6toile8  tr^s-brillantes  ot  nous  ne  voyons  que  Phydro- 
g^ne,  en  quantity  inorme,  et  le  magnesium ; 

"  2.  Des  6  toiles  plus  froides,  comme  notre  Soleil,  ot  nous  trou- 
vons: 

H+Mg+Na 

H+Mg+Na+Ca,  Fe,    .    .    .    ; 
dans  ces  6toile8,  pas  de  m6talloIdes ; 

^'  8.  Des  6toiles  plus  froides  encore,  dans  lesquelles  tous  les  Uir 
ments  mitalliques  sont  Assocrfe,  oti  leurs  liraes  ne  sent  plus  visi- 
bles,  et  oil  nous  n'avons  que  les  spectres  aes  m6taUoIdes  et  des 
composes. 

"4.  Plus  une  6toile  est  kg^^plus  Vhydrogine  libre  disparatt; 
sur  la  terre,  nous  ne  trouvons  plus  d'hydrog^ne  en  liberte. 

''  II  me  semble  que  ces  faits  sont  les  preuves  de  plusieurs  id6es 
^mises  par  vous.  J'ai  pens^  que  nous  pouvions  imaginer  une 
^  dissociation  c&lestCy*  qui  continue  le  travail  de  nos  foumeaux,  et 
que  les  m6talloIdes  sont  des  composes  qui  sont  dissoci^s  par  la 
temperature  solaire,  pendant  que  les  616ments  m^talliques  monato- 
miques,  dont  les  poids  atomiques  sont  les  moindres,  son  pr^cis^ 
ment  ceux  qui  resistent,  m^me  k  la  temperature  des  6toile8  les 
plus  chaudes." 

Before  I  proceed  further,  I  should  state  that  while  observa- 
tions of  the  sun  have  since  shown  that  calcium  should  be  intro- 
duced between  hydrogen  and  magnesium  for  that  luminary,  Dr. 
Huggins*  photographs  have  demonstrated  the  same  fact  for  the 
stars,  so  that  in  the  present  state  of  our  knowledge,  independent 
of  all  hypotheses,  the  facts  may  be  represented  as  follows : — 

Hottest  Stars    "S  (  H+Ca+Mg 

Sun ^\  H+Ca+Mg+Na+Fe 

Cooler  Stars      g  (  —    —    Mg+Na+FeH-Bi+Hg 


M 
^S 


*  This  referred  to  the  old  numbers  in  which  Mg=12,  Na=28. 
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FoDowioff  out  these  views,  I  some  time  since  communicated 
a  paper  to  the  Society  on  the  spectrum  of  calcium,  to  which  I 
shaD  refer  more  expressly  in  the  sequel. 

Differentiation  of  the  Phenomena  to  be  observed  on  the  two 
Sypotheses. 

When  the  reductions  of  the  observations  made  on  metallic 
spectra,  on  the  hypothesis  that  the  elements  were  really  ele- 
mentary, had  landed  me  in  the  state  of  utter  confusion  to 
which  I  have  already  referred,  I  at  once  made  up  my  mind  to 
try  the  other  hjpotnesis,  and  therefore  at  once  sought  for  a 
critical  differentiation  of  the  phenomena  on  the  two  hypotheses. 

Obviously  the  first  thing  to  be  done  was  to  inquire  whether 
one  hypothesis  would  explain  these  short  line  coincidences 
which  remained  after  the  reduction  of  all  the  observations  on 
the  other.  Calling  for  sake  of  simplicity  the  short  lines  common 
to  many  spectra  basic  lines,  the  new  hypothesis,  to  be  of  any 
value,  should  present  us  with  a  state  of  things  in  which  basic 
molecules  representing  bases  of  the  so-called  elements  should 
give  us  their  lines,  varying  in  intensitjr  from  one  condition  to 
another,  the  conditions  representing  vanous  compoundings. 

Suppose  A  (nickel,  let  us  say)  to  contain  B  (cobalt)  as  an 
impurity  and  as  an  element,  what  will  be  the  difference  in  the 
spectroscopic  result? 

A  in  both  cases  will  have  a  spectrum  of  its  own ; 

B  as  an  impurity  will  add  its  lines  according  to  the  amount 
of  impurity,  as  I  nave  shown  in  previous  papera 

B  as  an  element  will  add  its  lines  accordmg  to  the  amount 
of  dissociation,  as  I  have  also  shown. 

The  difference  in  the  phenomena,  therefore,  will  be  that, 
with  gradually  increasing  temperature,  the  spectrum  of  A  will 
fade,  u  it  be  a  compound  body,  as  it  will  be  increasingly  disso- 
ciated, and  it  unll  not  fade  if  it  be  a  simple  one. 

Again,  on  the  hypothesis  that  A  is  a  compound  body,  that 
is,  one  compounded  of  at  least  two  similar  or  dissimilar  molec- 
ular groupings,  then  the  longest  lines  at  one  temperature  will 
not  be  the  longest  at  another,  the  whole  fabric  of  "impurity 
elimination,"  based  upon  the  assumed  single  molecular  group- 
ing, &Us  to  pieces,  and  the  origin  of  the  Basic  lines  is  at  once 
evident. 

This  may  be  rendered  clearer  by  some  general  considerations 
of  another  order. 

GenercU  Considerations. 

Let  us  assume  a  series  of  furnaces  A    ...     D,  of  which 
A  is  the  hottest 
Let  us  further  assume  that  in  A  there  exists  a  substance  a 
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by  itself  competent  to  form  a  compound  body  fi  by  nnion  with 
itself  or  with  something  else  when  the  temperature  is  lowered. 
Then  we  may  imagine  a  furnace  B  in  wnich  this  compound 
body  exists  alone.  The  spectrum  of  the  compound  fi  would  be 
the  only  one  visible  in  JB,  as  the  spectrum  of  the  assumed 
elementary  body  a  would  be  the  only  one  visible  in  A. 


Kg.  1. 


A  lower  temperature  furnace  C  will  provide  us  with  a  more 
compound  substance  f,  and  the  same  considerations  will  bold 
good. 

Now  if  into  the  furnace  A  we  throw  some  of  this  doubly 
compound  body  f  we  shall  get  at  first  an  integration  of  the 
three  spectra  to  which  T  have  drawn  attention ;  the  lines  of  f 
will  first  be  thickest,  then  those  of  j9,  and  finijly  a  would  exist 
alone,  and  the  spectrum  would  be  reduced  to  one  of  the  utmost 
simplicity. 


A 

f 
a 

B 

1 
f 
t 

C 

I 
f 
t 

D 

Fig.2. 

This  is  not  the  only  conclusion  to  be  drawn  from  these  con- 
siderations. Although  we  have  by  hypothesis  j9,  ;*  and  i,  all 
higher,  that  is,  more  compound  forms  of  a,  and  although  the 
strong  lines  in  the  diagram  may  represent  the  true  spectra  of 
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these  substances  in  the  furnaces  B,  G  and  D,  respectively,  yet, 
in  consequence  of  incomplete  dissociation,  the  strong  lines  of 
j?  will  be  seen  in  furnace  C,  and  the  strong  lines  of  ;*  will  be 
seen  in  furnace  D,  all  as  thin  lines.  Thus,  although  in  C  we 
have  no  line  which  is  not  represented  in  D,  the  intensities  of 
the  lines  in  C  and  D  are  entirely  changed. 

In  short,  the  line  of  a,  strong  in  A,  is  basic  in  B,  C  and  D, 
the  lines  of  )9,  strong  in  B,  are  basic  in  C  and  D,  and  so  on. 

I  have  prepared  another  diagram  which  represents  the  facts 
00  the  supposition  that  the  furnace  A,  instead  of  having  a 
temperature  sufficient  to  dissociate  )9,  y  and  d  into  a  is  far 
below  that  stage,  although  higher  than  B. 

It  will  be  seen  from  this  diagram  that  then  the  only  differ- 
ence in  the  spectra  of  the  bodies  existing  in  the  four  furnaces 
would  consist  merely  in  the  relative  thicknesses  of  the  lines. 
The  spectra  of  the  substances  as  they  exist  in  A  would  contain 
as  many  lines  as  would  the  spectra  of  the  substances  as  they 
exist  in  D;  each  line  would  in  turn  be  basic  in  the  whole 
series  of  furnaces  instead  of  in  one  or  two  only. 

Applications  of  these  General  Considerations  to  Impurity  Elim- 
ination, 

Now  let  us  suppose  that  in  the  last  diagram  (fig,  2)  the  four 
furnaces  represent  the  spectra  of  say,  iron,  broken  up  into 
different  finenesses  by  successive  stages  of  heat  It  is  nrst  of 
all  abundantlv  clear  that  the  relative  thicknesses  of  the  iron 
lines  observed  will  vary  according  as  the  temperature  resem- 
bles that  of  A,  B,  0,  or  D.  The  positions  in  the  spectra  will 
be  the  same,  but  the  intensities  will  vary ;  this  is  the  point 
The  longest  lines,  represented  in  the  diagram  by  the  thickest 
ones,  will  vary  as  we  pass  from  one  temperature  to  another. 
It  is  on  this  ground  that  I  have  before  stated  that  the  whole 
fabric  of  impurity  elimination  must  fall  to  pieces  on  such  an 
hypothesis.  Let  us  suppose,  for  instance,  that  manganese  is  a 
compound  of  the  form  of  iron  represented  in  furnace  B,  with 
something  else;  and  suppose  again  that  the  photograph  of  iron 
which  I  compare  with  manganese  represents  the  spectrum  of  the 
vapor  at  the  temperature  of  the  furnace  D.  To  eliminate  the 
impurity  of  iron  in  manganese,  as  I  have  eliminated  it,  we 
begin  the  search  by  looking  for  the  longest  and  strongest  lines 
shown  in  the  photograph  of  iron,  in  the  photograph  of  man- 
ganese taken  under  the  same  conditions.  I  do  not  find  these 
lines.  I  say,  therefore,  that  there  is  no  impurity  of  iron  in  man- 
ganese, but  although  the  longest  iron  lines  are  not  there,  some 
of  the  faintest  basic  ones  are.  This  I  hold  to  be  the  explana- 
tion of  the  apparent  confusion  in  which  we  are  landed  on  the 
supposition  that  the  elements  are  elementary. 
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AppUeation  of  these  Considerations  to  JSnawn  Compounds. 

Now  to  apply  this  reasoning  to  the  dissociation  of  a  known 
compound  body  into  its  elements. — 

A  compound  body,  such  as  a  salt  of  calcium,  has  as  definite 
a  spectrum  as  a  simple  one;  but  while  the  spectrum  of  the 
metal  itself  consists  of  lines,  the  number  and  thickness  of  some 
of  which  increase  with  increased  quantity,  the  spectrum  of  the 
compound  consists  in  the  main  of  channelled  spaces  and  bands, 
which  increase  in  like  manner. 

In  short,  the  molecules  of  a  simple  body  and  a  oompound 
one  are  affected  in  the  same  manner  by  quantity  in  so  far  as 
their  spectra  are  concerned ;  in  other  taoras,  ooik  spectra  have  thdr 
hng  and  short  lines,  the  lines  in  the  spectrum  of  the  element 
being  represented  by  bands  or  fluted  lines  in  the  spectrum  of 
the  compound ;  and  in  each  case  the  greatest  simplicity  of  the 
spectrum  depends  upon  the  smallest  quantity,  ana  the  greatest 
complexity  (a  continuous  spectrum)  upon  the  greatest 

The  heat  required  to  act  upon  such  a  compound  as  a  salt  of 
calcium  so  as  to  render  its  spectrum  yisible,  dissociates  the 
compound  according  to  its  yolatility ;  the  number  of  true  me- 
tallic lines  which  thus  appear  is  a  measure  of  the  quantity  of 
the  metal  resulting  from  tne  dissociation,  and  as  the  metal  lines 
increase  in  number,  the  compound  bands  thin  out 

I  have  shown  in  previous  papers  how  we  have  been  led  to 
the  conclusion  that  binary  compounds  have  spectra  of  their 
own,  and  how  this  idea  has  been  established  by  considerations 
having  for  a  basis  the  observations  of  the  long  and  short  lines. 

It  is  absolutely  similar  observations  and  similar  reasoning 
which  I  have  to  bring  forward  in  discussing  the  compound 
nature  of  the  chemical  elements  themselves. 

In  a  paper  communicated  to  the  Eoyal  Society  in  1874,  refer- 
ring, among  other  matters,  to  the  reyersal  of  some  lines  in  the 
solar  spectrum,  I  remarked,* — 

'*  It  IS  obvious  that  greater  attention  will  have  to  be  giyen 
to  the  precise  character  as  well  as  to  the  position  of  each  of  the 
Fraunhofer  lines,  in  the  thickness  of  which  I  have  already  ob- 
served several  anomalies.  I  may  refer  more  particularly  at 
present  to  the  two  H  lines  8988  and  3968  belonging  to  calcium, 
which  are  much  thicker  in  all  photographs  of  the  solar  spec- 
trum [I  might  have  added  that  they  were  by  far  the  thicKest 
lines  m  the  solar  spectrum]  than  the  largest  calcium  line  of 
this  r^on  (4226*8),  this  latter  being  invariably  thicker  than 
the  H  Tines  in  all  photographs  of  the  calcium  spectrum,  and 
remaining,  moreover,  visible  in  the  spectrum  of  suostances  con- 
taining calcium  in  such  small  quantities  as  not  to  show  any 
traces  of  the  H  linea 

♦  Phil.  Trans,,  yol  clxiv,  part  2,  p.  807, 
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"  How  far  this  and  similar  variations  between  photographic 
records  and  the  solar  spectrum  are  due  to  causes  incident  to 
the  photographic  record  itself,  or  to  variations  in  the  intensi- 
ties of  the  various  molecular  vibrations  under  solar  and  terres- 
tial  conditions,  are  questions  which  up  to  the  present  time  I 
have  been  unable  to  discuss." 

An  Objection  Disctused. 

I  was  careful  at  the  very  commencement  of  this  paper  to 
point  out  that  the  conclusions  I  have  advanced  are  based  upon 
the  analogies  furnished  by  those  bodies  which,  by  common 
consent  and  beyond  cavil  and  discussion  are  compound  bodies. 
Indeed,  had  I  not  been  careful  to  urge  this  point  the  remark 
might  have  been  made  that  the  various  changes  in  the  spectra 
to  which  I  shall  draw  attention  are  not  the  results  of  succes- 
sive dissociations,  but  are  effects  due  to  putting  the  same  mass 
into  different  kinds  of  vibration  or  of  producing  the  vibration 
in  different  ways.  Thus  the  many  high  notes,  both  true  and 
false,  which  can  be  produced  out  of  a  bell  with  or  without  its 
fundamental  one,  mi^ht  have  been  put  forward  as  analogous 
with  those  spectral  hues  which  are  produced  at  different  de- 
grees of  temperature  with  or  without  the  line,  due  to  each  sub- 
stance when  vibrating  visibly  with  the  lowest  temperature. 
To  this  argument,  however,  if  it  were  brought  forward,  the 
reply  would  be  that  it  proves  too  much.  If  it  demonstrates 
that  the  h  hydrogen  line  in  the  sun  is  produced  by  the  same 
molecular  groupmg  of  hydrogen  as  that  which  gives  us  two 
green  lines  only  when  the  weakest  possible  spark  is  taken  in 
hydrogen  inclosed  in  a  large  glass  globe,  it  also  proves  that  cal- 
cium is  identical  with  its  salts.  For  we  can  get  the  spectrum 
of  any  of  the  salts  alone  without  its  common  base,  calcium,  as 
we  can  get  the  green  lines  of  hydrogen  without  the  red  one. 

I  submit,  therefore,  that  the  argument  founded  on  the  over- 
notes  of  a  sounding  body,  such  as  a  bell,  cannot  be  urged  by 
any  one  who  believes  in  the  existence  of  any  compound  bodies 
at  all,  because  there  is  no  spectroscopic  break  between  acknowl- 
edged compounds  and  the  supposed  elementary  bodiea  The 
spectroscopic  differences  between  calcium  itself  at  different 
temperatures  is,  as  I  shall  show,  as  great  as  when  wepass  from 
known  compounds  of  calcium  to  calcium  itselt  There  is  a 
perfect  continuitv  of  phenomena  from  one  end  of  the  scale  of 
temperature  to  the  other. 

Inquiry  into  the  Probable  Arrangement  of  the  Basic  Molecules. 
As  the  results  obtained  from  the  above  considerations  seemed 
to  be  so  far  satisfactory,  inasmuch  as  they  at  once  furnished 
an  explanation  of  the  basic  lines  actually  observed,  the  inquiry 
was  thought  worthy  of  being  carried  to  a  further  stage. 
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The  next  point  I  considered  was  to  obtain  a  clear  mental  view 
of  the  manner  in  which,  on  the  principle  of  evolution,  various 
bases  might  now  be  formed,  and  then  become  basic  themselves. 

It  did  not  seem  unnatural  that  the  bases  should  increase  their 
complexity  by  a  process  of  continual  multiplication,  the  factor 
•  being  1,  2,  or  even  8,  if  conditions  were  available  under  which 
the  temperature  of  their  environment  should  decrease,  as  we 
imagined  it  to  do  from  the  furnace  A  down  to  furnace  D.  This 
womd  brin^  about  a  condition  of  molecular  complexity  in  which 
the  proportion  of  the  molecular  weight  of  a  substance  so  pro- 
duced in  a  combination  with  another  substance  would  go  on 
continually  increasing. 

Another  method  of  increasing  molecular  complexity  would 
be  represented  by  the  addition  of  molecules  of  dinerent  origins. 
Representing  the  first  method  by  A 4- A,  we  could  represent 
the  second  by  A+B.  A  variation  of  the  last  process  would 
consist  in  a  still  further  complexity  being  brought  about  by 
the  addition  of  another  molecule  of  B,  so  that  instead  of 
(A+B),  merely,  we  should  have  A+B,. 

Of  these  three  processes  the  first  one  seemed  that  which  it 
was  possible  to  attack  under  the  best  conditions,  because  the 
consideration  of  impurities  was  eliminated ;  the  prior  work  has 
left  no  doubt  upon  the  mind  about  such  and  such  lines  beine 
due  to  calcium,  others  to  iron,  and  so  forth.  The  inquiry  tooK 
this  form,  granting  that  these  lines  are  special  to  such  and  such 
a  substance,  does  each  become  basic  in  turn  as  the  temperature 
is  changed? 

I  therefore  began  the  inquiry  by  reviewing  the  evidence 
concerning  calcium  and  seeing  if  hydrogen,  iron  and  lithium 
behaved  in  the  same  way. 

Application  of  the  above  Views  to  Iron^  Lithium^  and  Sydirogen. 

Calcium. — It  was  in  a  communication  to  the  Royal  Society 
made  some  time  ago  (Proceedings,  vol.  xxii,  p.  880, 1874),  that 
I  first  referred  to  the  possibility  that  the  well-known  line-spectra 
of  the  elementary  bodies  might  not  result  from  the  vibration 
of  similar  molecules.  I  was  led  to  make  the  remark  in  conse- 
(^uence  of  the  diflferences  to  which  I  have  already  drawn  atten- 
tion in  the  spectra  of  certain  elements  as  observed  in  the 
spectrum  of  the  sun  and  in  those  obtained  with  the  ordinary 
instrumental  appliances. 

Later  (Proc.  Roy.  Soa,  No.  168,  1876)  I  produced  evidence 
that  the  molecular  grouping  of  calcium  which,  with  a  small 
induction-coil  and  small  jar,  gives  a  si>ectrum  with  its  chief 
line  in  the  blue,  is  nearly  broken  up  in  the  sun,  and  quite 
broken  up  in  the  discharge  from  a  large  coil  and  jar,  into 
another  or  others  with  lines  in  the  violet 
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I  said  "another,"  or  "others,"  because  J  was  not  then  able 
to  determine  whether  the  last  named  lines  proceeded  from  the 
same  or  different  molecules ;  and  I  added  that  it  was  possible 
we  might  have  to  wait  for  photographs  of  the  spectra  of  the 
brighter  stars  before  this  point  could  be  determine. 

I  also  remarked  that  this  result  enabled  us  to  fix  with  very 
considerable  accuracy  the  electric  dissociating  conditions  which 
are  equivalent  to  that  degree  of  dissociation  at  present  at  work 
in  the  sun. 


Fie.  3.— The  blae  end  of  the  speotrum  of  calcium  under  different  oonditionB. 
L  Odaum.  is  combined  with  chlorine  (GaGs).  When  the  temperature  is  low, 
the  compound  molecule  yibrates  as  a  whole,  the  speotrum  is  at  the  red  end,  and 
no  lines  of  calcium  are  seen.  2.  The  line  of  the  metal  seen  when  the  com- 
pound molecule  is  dissociated  to  a  slight  extent  with  an  induced  current. 
3.  The  spectrum  of  metiUlic  calcium  in  the  electric  arc  with  a  small  number  of 
ceDs.  4.  The  same  when  the  number  of  cells  is  increased.  6.  The  spectrum 
when  a  coH  and  small  jar  are  employed.  6.  The  spectrum  when  a  litfge  ooil 
and  large  jar  are  used.    7.  The  absorption  of  the  ctJcium  yapor  in  the  Sun. 

In  fi^.  8  I  have  collected  several  spectra  copied  from  photo- 
graphs in  order  that  the  line  of  argument  may  be  graspeo. 

First  we  see  what  happens  to  the  non-dissociated  and  the 
dissociated  chloride.  Next  we  have  the  lines  with  a  weak 
voltaic  arc,  the  single  line  to  the  right  (W.  L.  4226*8)  is  much 
thicker  than  the  two  lines  (W.  L.  8988  and  8968)  to  the  left, 
and  reverses  itself. 

We  have  next  calcium  exposed  to  a  current  of  higher  ten- 
sion. It  will  be  seen  that  here  the  three  lines  are  almost 
equally  thick,  and  all  reverse  themselves. 

Now  it  will  be  recollected,  that  in  the  case  of  known  com- 
pounds the  band  structure  of  the  true  compounds  is  reduced 
as  dissociation  works  its  way,  and  the  spectrum  of  each  consti- 
tuent element  makes  its  appearance.  If  in  8  we  take  the  wide 
line  as  representing  the  banded  spectrum  of  the  compound,  and 
the  thinner  ones  as  representing  the  longest  elemental  lines 
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making  their  appearance  as  the  result  of  partial  dissociation, 
we  have,  by  hypothesis,  an  element  behaving  like  a  compound. 

If  the  hypothesis  be  true,  we  ought  to  be  able  not  only  to 
obtain,  with  lower  temperatures,  a  still  greater  preponderance 
of  the  single  line,  as  we  do;  but  with  higher  temperatures,  a 
still  greater  preponderance  of  the  double  ones,  as  upe  do. 

T  tested  this  in  the  following  manner :  Employing  photogra- 
phy, because  the  visibility  of  the  more  refrangible  lines  is 
small,  and  because  a  permanent  record  of  an  experiment,  free 
as  it  must  be  from  all  bias,  is  a  very  precious  thin^. 

Induced  currents  of  electricity  were  employed  in  order  that 
all  the  photographic  results  might  be  comparable. 

To  represent  the  lowest  temperature  I  used  a  small  induction 
coil  and  a  Leyden  jar  only  just  large  enough  to  secure  the 
requsite  amount  of  photographic  effect.  To  represent  the 
highest,  I  used  the  largest  coil  and  jar  at  my  disposal.  The 
spark  was  then  taken  ^tween  two  aluminium  electrodes,  the 
lower  one  cup-shaped,  and  charged  with  a  salt  of  calcium. 

In  the  figure  I  give  exact  copies  of  the  results  obtained.  It 
will  be  seen  that  with  the  lowest  temperature  only  the  single 
line  (2)  and  with  the  highest  temperature  only  the  two  more 
refrangible  lines  (6)  are  recorded  on  the  plate. 

This  proved  that  the  intensity  of  the  vibrations  was  quite 
changed  in  the  two  experiments. 

Perhaps  it  may  not  be  superfluous  here  to  state  the  reasons 
which  induced  me  to  search  for  further  evidence  in  the  stars. 

It  is  abundantly  clear  that  if  the  so-called  elements,  or  more 
properly  speaking  their  finest  atoms — those  that  give  us  line 
spectra — ^are  really  compounds,  the  comjjounds  must  have  been 
formed  at  a  very  high  temperatura  It  is  easy  to  imagine  that 
there  may  be  no  superior  limit  to  temperature,  and  therefore 
no  superior  limit  beyond  which  such  combinations  are  possible, 
because  the  atoms  which  have  the  power  of  combining  together 
at  these  transcendental  stages  of  neat  do  not  exist  as  such,  or 
rather  they  exist  combined  with  other  atoms,  like  or  unlike,  at 
all  lower  temperatures.  Hence  association  will  be  a  combina- 
tion of  more  complex  molecules  as  temperature  is  reduced,  and 
of  dissociation,  tnerefore,  with  increased  temperature  there 
may  be  no  end. 

That  is  the  first  point 

The  second  is  this : — 

We  are  justified  in  supposing  that  our  "calcium,"  once 
formed,  is  a  distinct  entity,  whether  it  be  an  element  or  not, 
and  therefore,  by  working  at  it  alone,  we  should  nevet  know 
whether  the  temperature  produces  a  single  simpler  form  or 
more  atomic  condition  of  the  same  thing,  or  whether  we  actually 
break  it  up  into  x+Y,  because  neither  x  nor  Y  will  ever  vary 
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But  if  calcium  be  a  product  of  a  condition  of  relatively  lower 
temperature,  then  in  the  stars,  hot  enough  to  enable  its  consti- 
tuents to  exist  uncompounded,  we  may  expect  these  constitu- 
ents to  vary  in  quantitv  ;  there  may  be  more  of  x  in  one  star 
and  more  of  Y  in  another ;  and  if  this  be  so,  then  the  H  and  K 
lines  will  vary  in  thickness,  and  the  extremest  limit  of  varia- 
tion win  be  that  we  shall  only  have  H  representing,  say  X  in 
one  star,  and  only  have  K  representing,  say  T  in  another. 
Intermediately  between  these  extreme  conditions  we  may  have 
cases  in  which,  though  both  H  and  K  are  visible,  H  is  thicker 
in  some  and  K  is  thicker  in  others. 

Professor  Stokes  was  good  enough  to  add  largely  to  the 
value  of  my  paper  as  it  appeared  in  the  Proceedings^  by  append- 
ing a  note  pomting  out  tnat  *'  When  a  solid  body  such  as  a 
platinum  wire,  traversed  by  a  voltaic  current,  is  heated  to 
incandescence,  we  know  that  as  the  temperature  increases  not 
only  does  the  radiation  of  each  particular  refrangibility  abso- 
lutely increase,  but  the  proportion  of  the  radiations  of  the 
different  refrangibilities  is  changed,  the  proportion  of  the  higher 
to  the  lower  increasing  with  the  temperature.  It  would  be  in 
accordance  with  analogy  to  suppose  that  as  a  rule  the  same 
would  take  place  in  an  incandescent  surface,  though  in  this  case 
the  spectrum  would  be  discontinuous  instead  of  continuous. 
Thus  if  A,  B,  C,  D,  E  denote  conspicuous  bright  lines  of 
increasing  refrauribility,  in  the  spectrum  of  the  vapor,  it  might 
very  well  be  at  that  a  comparatively  low  temperature  A  should 
be  the  brightest  and  the  most  persistent ;  at  a  higher  temperature, 
while  all  were  brighter  than  before,  the  relative  brightne^ 
might  be  changed,  and  C  mi^ht  be  the  brightest  and  the  most 
persistent,  and  at  a  still  higher  temperature  E.'' 

On  these  grounds  Professor  Stokes,  while  he  regarded  the 
facts  I  mentioned  as  evidence  of  the  high  temperature  of  the 
sun,  did  not  look  upon  them  as  conclusive  evidence  of  the  dis- 
sociation of  the  molecule  of  calcium. 

Since  that  paper  was  sent  in,  however,  the  appeal  to  the  stars 
to  which  I  reierred  in  it  has  been  made,  and  made  with  the 
most  admirable  results,  by  Dr.  Huggins. 

The  result  of  that  appeal  is  that  the  line  which,  according  to 
Professor  Stokes'  view,  should  have  prevailed  over  all  others, 
as  Sirius  is  acknowledged  to  be  a  hotter  star  than  our  sun,  is 
that,  if  it  exists  at  all  in  the  spectrum,  it  is  so  faint  that  it  was 
not  reco^ized  by  Dr.  Huggins  in  the  first  instanca 

In  Sinus,  ind^,  the  BTline  due  to  one  molecular  grouping 
of  calcium  is  as  thick  as  are  the  hydrogen  lines  as  mappea  by 
Secchi,  while  the  K  line,  due  to  another  molecular  grouping, 
which  is  equally  thick  in  the  spectrum  of  the  sun,  has  not  yet 
made  its  appearance. 
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In  the  sun,  where  it  is  as  thick  as  H,  the  hydrogen  lines 
have  vastly  thinned. 

While  tL  paper  has  been  in  preparation,  Dr.  Haegins  has 
been  good  enough  to  communicate  to  me  the  results  of  his 
most  important  observations,  and  I  have  also  had  an  oppor- 
tunity of  inspecting  several  of  the  photographs  which  he  has 
recently  taken.  Tne  result  of  the  recent  work  has  been  to 
show  wat  H  and  A  are  of  about  the  same  breadth  in  Sirius. 
In  a  Aquil»  while  the  relation  of  H  to  A  is  not  greatly  changed, 
a  distinct  approach  to  the  solar  condition  is  observed,  K  being 
now  unmistakably  present,  although  its  breadth  is  small  as  com- 
pared with  that  of  H.  I  must  express  my  obligations  to  Dr. 
Muggins  for  granting  me  permission  to  enrich  my  paper  bv 
reference  to  these  unpublished  observations.  His  letter,  which 
I  have  permission  to  G[uote,  is  as  follows : — 

"  It  may  be  gratifying  to  you  to  learn  that  in  a  photograph 
I  have  recently  taken  of  the  spectrum  of  a  Aquil»  there  is  a 
line  corresponding  to  the  more  refrangible  of  the  solar  H  lines 
j^that  is  Kj,  but  about  half  the  breadth  of  the  line  correspond- 
ing to  the  first  H  lines. 

In  the  spectra  of  a  LyrsB  and  Sirius  the  second  line  is  absent^' 

K     H  Btaettne.  Bed  line. 
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Fig.  4.— The  Molecular  Groupings  of  Oaldum. 

Professor  Young's  observations  of  the  chromospheric  line,  to 
which  I  shall  afterward  refer,  give  important  evidence  regarding 
the  presence  of  calcium  in  the  chromosphere  of  the  sun.  He 
finds  that  the  H  and  K  lines  of  calcium  are  strongly  reversed 
in  every  important  spot,  and  that  in  solar  storms  H  has  been 
observed  injected  into  the  chromosphere  seventy -five  times,  and 
K  fifty  times,  while  the  blue  line  at  W.  L.  4226-8,  the  all- 
important  line  at  the  arc-temperature,  was  only  injected  thrice. 

Further,  in  the  eclipse  observed  in  Siam  in  1876,  the  H  and 
K  lines  left  the  strongest  record  in  the  spectrum  of  the  chromo- 
sphere, while  the  line  near  G  in  a  photographic  region  of  much 
greater  intensity  was  not  record^  at  all.  In  the  American 
eclipse  of  the  present  year  the  H  and  K  lines  of  calcium  were 
distinctly  visible  at  the  base  of  the  corona,  in  which  for  the 
first  time  the  observer  could  scarcely  trace  the  existence  of  any 
hydrogen. 
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To  sum  up,  then,  the  &ct8  regarding  calcium,  we  have  first 
of  all  the  H-line  differentiated  from  the  others  bj  its  almost 
solitary  existence  in  Sirius.  We  have  the  K-line  differentiated 
from  the  rest  by  its  birth,  so  to  speak,  in  a  AquilsB,  and  the 
thickness  of  its  line  in  the  sun,  as  compared  to  that  in  the  arc. 
We  have  the  blue  line  differentiated  from  H  and  K  by  its  thin- 
ness in  the  solar  spectrum  while  they  are  thick,  and  by  its 
thickness  in  the  arc  while  they  are  thin.  We  haye  it  again 
differentiated  from  them  by  its  absence  in  solw  storms  in  which 
they  are  almost  uniyersally  seen,  and  finally,  by  its  absence 
during  eclipses,  while  the  H  and  K  lines  haye  been  the  bright- 
est seen  or  photographed.  Last  stage  of  all,  we  haye  calcium, 
distiogoished  from  its  Baits  by  the  fact  that  the  blue  line  is  only 
yisible  when  a  high  temperature  is  employed,  each  salt  haying 
a  definite  spectrum  of  its  own,  in  which  none  of  the  lines  to 
which  I  haye  drawn  attention  appear,  so  long  as  the  tempera- 
ture is  kept  below  a  certain  point 

Iron. 

With  T^ard  to  the  iron  spectrum  I  shall  limit  my  remarks 
to  that  portion  of  it  yisible  on  my  photographic  plates  between 
H  and  G-.  It  may  be  described  as  a  yery  complicated  spectrum 
so  far  as  the  number  of  lines  is  concerned  in  comparison  with 
such  bodies  as  sodium  and  potassium,  lead,  thallium,  and  the 
like,  but  unlike  them  again  it  contains  no  one  line  which  is 
clearly  and  unmistakably  reversed  on  all  occasions.  Compared, 
however,  with  the  spectrum  of  such  bodies  as  cerium  and 
uranium  the  spectrum  is  simplicity  itsell 

Now  among  these  lines  are  two  triplets,  two  sets  of  three 
lines  each,  giving  us  beautiful  examples  of  those  repetitions  of 
skiicture  in  the  spectrum  which  we  meet  with  in  the  spectra  of 
almost  all  bodies,  some  of  which  haye  already  been  pointed 
out  by  Mascart,  Comu,  and  myself.  Now  the  facts  indicate 
that  these  two  triplets  are  not  due  to  the  yibration  of  the  same 
molecular  grouping  which  gives  rise  to  most  of  the  other  lines. 
They  are  as  follows:  In  many  photographs  in  which  iron  has 
been  compared  with  other  bodies,  and  in  others  again  in  which 
iron  has  been  photographed  as  existing  in  different  degrees  of 
impurity  in  otner  bodies,  these  triplets  haye  been  seen  almost 
alone,  and  the  relatiye  intensity  of  them,  as  compared  with  the 
few  remaining  lines,  is  greatly  changed.  In  this  these  photo- 
graphs resemble  one  I  took  three  years  ago,  in  which  a  large 
coil  and  jar  were  employed  instead  of  the  arc,  which  necessi- 
tated an  exposure  of  an  hour  instead  of  two  minutes.  In  this 
the  triplet  near  G  is  very  marked,  the  two  adjacent  lines  more 
refrangible  near  it,  which  are  seen  nearly  as  strong  as  the 
triplet  itself,  in  some  of  the  arc  photographs  I  possess,  are  only 
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very  faintly  visible,  while  dimmer  still  are  seen  the  lines  of  the 
triplet  between  H  and  h. 

Tbei'e  is  another  series  of  facts  in  another  line  of  work.  In 
solar  storms,  as  is  well  known,  the  iron  lines  sometimes  make 
their  appearance  in  the  chromosphere.  Now,  if  we  were  deal- 
ing here  with  one  molecular  grouping,  we  should  expect  the 
lines  to  make  their  aopearance  in  the  order  of  their  lengths, 
and  we  should  expect  the  shortest  lines  to  occur  less  frequently 
than  the  longest  ones.  Now,  precisely  the  opposite  is  the  fact. 
One  of  the  most  valuable  contributions  to  solar  physics  that 
we  possess  is  the  memoir  in  which  Professor  C.  A.  Young 
records  his  observation  of  the  chromospheric  lines,  made  on 
behalf  of  the  United  States  Government,  at  Shumar,  in  the 
Rocky  Mountains.  The  glorious  climate  and  pure  air  of  this 
region,  to  which  I  can  pei*sonally  testify,  enabled  him  to  record 
phenomena  which  it  is  hopeless  to  expect  to  see  under  less 
lavorable  conditions.  Among  these  were  injections  of  iron 
vapor  into  the  chromosphere,  the  record  taking  the  form  of  the 
number  of  times  any  one  line  was  seen  during  the  whole  period 
of  observation. 

Now  two  very  faint  and  short  lines  close  to  the  triplet  near 
G  were  observea  to  be  iniected  thirty  times,  while  one  of  the 
lines  of  the  triplet  was  only  injected  twice. 

The  question  next  arises,  are  the  triplets  produced  by  one 
molecular  grouping  or  by  two  ?  This  question  I  also  think 
the  facts  help  us  to  answer.  I  will  first  state  by  way  of  re- 
minder that  in  the  spark  photograph  the  more  refrangiBle  trip- 
let is  barely  visible,  while  the  one  near  G  is  very  strong.  Now 
if  one  molecular  grouping  alone  were  in  question  this  relative 
intensity  would  always  be  preserved  however  much  the  abso- 
lute intensity  of  the  compound  system  might  vary,  but  if  it  is 
a  question  of  two  molecules  we  might  expect  that  in  some  of 
the  re^ons  open  to  our  observation  we  should  get  evidence  of 
cases  in  which  the  relative  intensity  is  reserved  or  the  two 
intensities  are  assimilated.  What  might  happen  does  happen  : 
the  relative  intensity  of  the  two  triplets  in  the  spark  photograph 
is  grandly  reversed  in  the  spectrum  of  the  sun.  The  lines 
barely  visible  in  the  spark  photograph  are  among  the  most 
prominent  in  the  solar  spectrum,  while  the  triplet  which  is 
strong  in  that  photograph  is  represented  by  Fraunhofer  lines 
not  half  so  thick.  Indeed,  while  the  hypothesis  that  the  iron 
lines  in  the  region  I  have  indicated  are  produced  by  the  vibra- 
tion of  one  molecule  does  not  include  all  the  facts,  the  hypo- 
thesis that  the  vibrations  are  produced  by  at  least  three  distinct 
molecules  includes  all  the  phenomena  in  a  most  satisfactory 
manner. 
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LUhium, 

Before  tbe  maps  of  the  long  and  short  lines  of  some  of  the 
chemical  elements  compared  with  the  solar  spectra,  which  were 
published  in  the  Phil.  Trans,  for  1873,  "  Plate  IX,"  were  com- 
municated to  the  Society,  I  very  carefully  tested  the  work  of 
{)rior  observers  on  the  non-coincidence  of  the  red  and  orange 
ines  of  that  metal  with  the  Fraunhofer  lines,  and  found  that 
neither  of  them  were  strongly  if  at  all  represented  in  the  sun, 
and  this  remark  also  applies  to  a  line  m  the  blue  at  wave- 
length 4608. 

The  photographic  lithium  line,  however,  in  the  violet,  has  a 
strong  representative  among  the  Fraunhofer  lines. 

Applying,  therefore,  the  previous  method  of  stating  the  facts, 
the  presence  of  this  line  in  the  sun  differentiates  it  from  all  the 
others.  For  the  differentiation  of  the  red  and  yellow  lines  I 
need  only  refer  to  Bunsen's  spectral  analytical  researches,  which 
were  translated  in  the  Philosophical  Magazine,  December,  1875. 

In  Plate  IV,  two  spectra  of  the  lithium  chloride  are  given, 
one  of  them  showing  the  red  line  strong  and  the  yellow  one 
feeble,  the  other  showing  merely  a  trace  of  the  red  line,  while 
the  intensity  of  the  yellow  one  is  much  increased,  and  a  line 
in  the  blue  is  indicated.  Another  notice  of  the  blue  line  of 
lithium  occurs  in  a  discourse  by  Professor  Tyndall,  reprinted 
in  the  Chemical  News,  and  a  letter  of  Dr.  Frankland's  to  Pro- 
fessor Tyndall,  dated  November  7,  1861.  This  letter  is  so 
important  for  my  argument,  that  I  reprint  it  entire  from  tbe 
Philosophical  Magazine,  voL  xxii,  p.  472 : — 

"  On  throwing  the  spectrum  of  lithium  on  the  screen  yester- 
day, I  was  surprised  to  see  a  magnificent  blue  band.  At  first 
I  thought  the  lithium  chloride  must  be  adulterated  with  stron- 
tium, but  on  testing  it  with  SteinheiFs  apparatus  it  yielded 
normal  results  without  any  trace  of  a  blue  band.  I  am  just 
now  reading  the  report  of  your  discourse  in  the  Chemical 
News,  and  I  find  that  you  have  noticed  the  same  thing. 
Whence  does  this  blue  line  arise  ?  Does  it  really  belong  to 
the  lithium,  or  are  the  cone  points  or  ignited  air  guilty  of  its 
production  ?  I  find  there  blue  bands  with  common  salt,  but 
they  have  neither  the  definiteness  nor  the  brilliancy  of  the 
litbiam  band.  When  lithium  wire  bums  in  air  it  emits  a 
somewhat  crimson  light ;  plunge  it  into  oxygen,  and  the  light 
changes  to  bluish  white.  This  seems  to  indicate  that  a  high 
temperature  is  necessarj'  to  bring  out  the  blue  ray." 

Postscript,  Nov.  22,  1861. — I  have  just  made  some  further 
experiments  on  the  lithium  spectrum,  and  they  conclusively 
prove  that  the  appearance  of  the  blue  line  depends  entirely  on 
the  temperature.  The  spectrum  of  lithium  chloride,  ignited  in 
a  Bunsen^s  burner  flame,  does  not  disclose  the  faintest  trace  of 
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the  blue  line ;  replace  the  Bunsen's  burner  bj  a  jet  of  hydro- 
gen (the  temperature  of  which  is  higher  than  that  of  the  Bun- 
sen's  burner)  and  the  blue  line  appears,  faint,  it  is  true,  but 
sharp  and  quite  unmistakable.  If  oxygen  now  be  solely 
turned  into  the  jet,  the  brilliancy  of  the  blue  line  increases 
until  the  temperature  of  the  flame  rises  high  enough  to  fuse 
the  platinum,  and  thus  put  an  end  to  the  experiment." 

Tnese  observations  of  Professors  Tyndall  and  Frankland 
differentiate  this  blue  line  from  those  which  are  observed  at 
low  temperatures.  The  line  in  the  violet  to  which  I  have 
already  referred,  is  again  differentiated  from  all  the  rest  by  the 
fact  that  it  is  the  only  line  in  the  spectrum  of  the  sun  which  is 
strongly  reversed,  so  far  as  our  present  knowledge  extends. 
The  various  forms  of  lithium,  therefore,  may  be  shown  in  the 
following  manner. 


o 


^ 


SUN 


ntautmmc 


Fig.  6. — ^The  Molecular  Groupings  of  lithium. 

It  is  remarkable  that  in  the  case  of  this  body  which  at  rela- 
tively low  temperature  goes  through  its  changes,  its  compounds 
are  broken  up  at  the  temperature  of  the  Bunsen  burner.  The 
spectrum,  e.  g.  of  the  chloride,  so  far  as  I  know,  has  never  been 
seen. 

Hydrogen. 

All  the  phenomena  of  variability  and  inversion  in  the  order 
of  intensity  presented  to  us  in  the  case  of  calcium  can  be  par- 
alleled by  reference  to  the  knowledge  already  acquired  regard- 
ins  the  spectrum  of  hydrogen. 

I)r. '  Frankland  and  myself  were  working  together  on  the 
subject  in  1869.  In  that  year  (Proc.,  No.  112)  we  pointed  out 
that  the  behavior  of  the  h  line  was  hors  ligne^  and  that  the 
whole  spectrum  could  be  reduced  to  one  line,  F. 

"  1.  The  Fraunhofer  line  on  the  solar  spectrum,  named  h  by 
Anffstrom,  which  is  due  to  the  absorption  of  hydrogen,  is  not 
visible  in  the  tubes  we  employ  with  low  battery  and  Leyden- 
jar  power ;  it  may  be  looked  upon,  therefore,  as  an  indication 
of  relatively  high  temperature.  As  the  line  in  question  has 
been  reversed  by  one  of  us  in  the  spectrum  of  the  chromo- 
sphere, it  follows  that  the  chromosphere,  when  cool  enough  to 
aosorb,  is  still. of  a  relatively  high  temperature. 

"2.  Under  certain  conditions  of  temperature  and  pressure, 
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the  very  complicated  spectrum  of  hydrogen  is  reduced  in  our 
instrument  to  one  line  in  the  greeyi  corresponding  to  F  in  the 
solar  spectrum." 

As  in  the  case  of  calcium  also,  solar  observation  affords  us 
most  precious  knowledge.  The  h  line  was  missing  from  the 
protuberances  in  1876,  as  will  be  shown  from  the  accompany- 
mg  extract  from  the  Eeport  of  the  Eclipse  Expedition  of  that 
year: — 

"During  the  first  part  oE  the  eclipse  two  strong  protuber- 
ances close  together  are  noticed ;  on  the  limb  towards  the  end 
these  are  partially  covered,  while  a  series  of  protuberances 
came  out  at  the  other  edge.  The  strongest  of  these  protuber- 
ances are  repeated  three  times,  an  effect  of  course  of  the  prism, 
and  we  shall  have  to  decide  if  possible  the  wave-lengths  corre- 
sponding to  the  images.  We  expect  a  priori  to  find  the  hydro- 
gen lines  represented.  We  know  three  photographic  hydrogen 
lines:  F,  a  line  near  G,  and  h.  F  is  just  at  the  limit  of  the 
photographic  part  of  the  spectrum,  and  we  find  indeed  images 
of  protuberances  towards  the  less  refrangible  part  at  the  limit 
of  phot<^raphic  effect.  For,  as  we  shall  show,  a  continuous 
spectrum  in  the  lower  parts  of  the  corona  has  been  recorded, 
and  the  extent  of  this  continuous  spectrum  gives  us  an  idea 
of  the  part  of  the  spectrum  in  which  each  protuberance  line  is 
placed.  We  are  iustified  in  assuming,  therefore,  as  a  prelimin- 
ary hypothesis,  that  the  least  refrangible  line  in  the  protuber- 
ance shown  on  the  photograph  is  due  to  F,  and  we  shall  find 
support  of  this  view  in  the  other  lines.  In  order  to  determine 
the  position  of  the  next  line  the  dispersive  power  of  the  prism 
was  investigated.  The  prism  was  placed  on  a  goniometer  table 
in  minimum  deviation  for  F,  and  the  angular  distance  between 
F  and  the  hydrogen  line  near  G,  i  e.  H/*,  was  found,  as  a  mean 
of  several  measurements  to  be  3^  The  goniometer  was  gradu- 
ated to  16'^  and  owing  to  the  small  dispersive  power,  and 
therefore  relatively  great  breadth  of  the  slit,  the  measurement 
can  only  be  regarded  as  a  first  approximation.  Turning  now 
again  to  our  photographs,  and  calculating  the  angular  distance 
between  the  first  and  second  ring  of  protuberances,  we  find 
that  distance  to  be  8'  15".  We  conclude,  therefore,  that  this 
second  ring  is  due  to  hydrogen.  We,  therefore,  naturally 
looked  for  the  third  photographic  hydrogen  line,  which  is  gen- 
erallv  called  A,  but  we  found  no  protuberance  on  our  photo- 
graphs corresponding  to  that  wave-length.  Although  this  line 
18  always  weaker  than  H/*,  its  absence  on  the  photograph  is 
rather  surprising,  if  it  be  not  due  to  the  fact  that  the  line  is 
one  which  onlv  comes  out  at  a  high  temperature.  This  is  ren- 
dered likely  by  the  researches  of  Frankland  and  Lockyer 
(Proc.  Boy.  Soc.,  vol.  xvii,  p.  458). 
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"We  now  turn  to  the  last  and  strongest  series  of  protuber- 
ances shown  on  our  photographs.  The  distance  between  this 
series  and  the  one  we  have  found  reason  for  identifying  with 
H/'  is  very  little  greater  than  that  between  H^  and  H/'. 
Assuming  the  distances  equal,  we  conclude  that  the  squares  of 
the  inverse  wave-lengths  of  the  three  series  are  in  arithmetical 
progression.  This  is  true  as  a  first  approximation.  We  then 
calculated  the  wave-length  of  this  unknown  line,  and  found  it 
to  be  approximately  somewhat  smaller  than  8,957  tenth- meters. 
No  great  reliance  can  be  placed,  of  course,  on  the  number,  but 
it  appears  that  the  line  must  be  close  to  the  end  of  the  visible 
spectrum. 

**In  order  to  decide  if  possible  what  this  line  is  due  to,  we 
endeavored  to  find  out  both  by  photography  and  fluorescence 
whether  hydrc^en  possesses  a  line  in  that  part  of  the  spectrum. 
We  have  not  at  present  come  to  any  definite  conclusion.  In 
vacuum  tubes  prepared  by  Geissler  containing  hydrogen,  a 
strong  line  more  refrangible  than  H  is  seen,  but  these  same 
tubes  show  between  H/'  and  Hi,  other  lines  known  not  to 
belong  to  hydrogen,  and  the  origin  of  the  ultra-violet  line  is 
therefore  difficult  to  make  out  We  have  taken  the  spark  in 
hydrogen  at  atmospheric  pressures,  as  impurities  are  easier  to 
eliminate,  but  a  continuous  spectrum  extends  over  the  violet 
and  part  of  the  ultra-violet,  and  prevents  any  observation  as 
to  lines.  We  are  going  on  with  experiments  to  settle  this 
point 

"  Should  it  turn  out  that  the  line  is  not  due  to  hydrogen, 
the  question  will  arise  what  substance  it  is  due  to.  It  is  a 
remarkable  fact  that  the  calculated  wave-length  comes  very 
close  to  H.  Young  has  found  that  these  calcium  lines  are 
always  reversed  in  the  penumbra  and  immediate  neighborhood 
of  every  important  sun-spot,  and  calcium  must  therefore  go  up 
high  into  the  chromosphere.  We  draw  attention  to  this  coinci- 
dence, but  our  photographs  do  not  allow  us  to  draw  any  cer- 
tain conclusions. 

"  At  any  rate,  it  seems  made  out  by  our  photographs  that  the 
photographic  light  of  the  protuberances  is  in  great  part  due  to 
an  ultra-violet  line  which  does  not  certainly  belong  to  hydro- 
gen. The  protuberances  as  photographed  by  this  ultra-violet 
ray  seem  to  go  up  higher  than  the  nydrogen  protuberances, 
but  this  may  be  due  to  the  relative  greater  length  of  the  line.'* 

In  my  remarks  upon  calcium  I  have  already  referred  to  the 
fact  that  the  line  which  our  observation  led  us  to  believe  was 
due  to  calcium  in  1875,  was  traced  to  that  element  in  this  year's 
eclipse.  The  observations  also  show  the  curious  connection  that, 
at  the  time  when  the  hydrogen  lines  were  most  brilliant  in  the 
corona,  the  calcium  Imes  were  not  detected ;  next,  when  the 
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hydrogen  lines,  being  still  brilliant,  the  h  line  was  not  present 
(a  condition  of  things  which,  in  all  probability,  indicated  a 
reduction  of  temperature),  calcium  began  to  make  itself  unmis- 
takably visible;  and  finally,  when  the  hydrogen  lines  are 
absent,  they  become  striking  objects  in  the  spectrum  of  the 
corona. 

To  come  back  to  A,  then,  I  have  shown  that  Dr.  Frankland 
and  myself,  in  18H9,  found  that  it  only  made  its  appearance 
when  a  high  tension  was  employed.  We  have  seen  tnat  it  was 
absent  from  among  the  hydrogen  lines  during  the  eclipse  of 
1875. 

I  have  now  to  strengthen  this  -evidence  by  the  remark  that 
it  IS  always  the  shortest  line  of  hydrogen  in  the  chromosphere. 

I  now  pass  to  another  line  of  evidence. 

I  submit  to  the  Society  a  photc^raph  of  the  spectrum  of 
indium,  in  which,  as  already  recorded  by  Thal^n,  the  strongest 
line  is  one  of  the  lines  of  hydrogen  (A),  "the  other  line  of  hydro- 
gen (near  G)  being  absent  I  have  observed  the  C  line  in  the 
spark  produced  by  the  passage  of  an  induced  current  between 
indium  poles  in  dry  air. 

As  I  am  aware  feow  almost  impossible  it  is  to  render  air  per- 
fectly dry,  I  made  the  following  differential  experiment  A 
glass  tube  with  two  platinum  poles  about  half  an  inch  apart 
was  employed.  Through  this  tube  a  slow  current  of  air  was 
driven  after  passing  through  a  U  tube  one  foot  high,  containing 
calcium  chloride,  and  then  through  sulphuric  acid  in  a  Wolff's 
bottle.  The  spectrum  of  the  spark  passing  between  the  plati- 
num electrodes  was  then  observed,  a  coil  with  five  Grove  cells 
and  a  medium  sized  jar  being  employed.  Careful  notes  were 
made  of  the  brilliancy  and  thickness  of  the  hydrogen  lines  as 
compared  with  those  of  air.  This  done,  a  piece  of  metallic 
indium  which  was  placed  loose  in  the  tube,  was  shaken  so  that 
one  part  of  it  rest^  against  the  base  of  one  of  the  poles,  and 
one  of  its  ends  at  a  distance  of  little  less  than  half  an  inch 
from  the  base  of  the  other  pole.  The  spark  then  passed 
between  the  indium  and  the  platinum.  The  red  and  blue  lines 
of  hydrogen  were  then  observed  both  by  my  friend,  Mr.  G.  W. 
Hemming,  Q.O.,  and  myseli  Their  brilliancy  was  most  mark- 
edly increased.  This  unmistakable  indication  of  the  presence 
of  hydrogen,  or  rather  of  that  form  of  hydrogen  which  gives 
us  the  h  Tine  alone  associated  into  that  form  which  gives  us  the 
blue  and  red  lines,  showed  us  that  in  the  photograph  wc  were 
not  dealing  with  a  physical  coincidence,  but  that  in  the  arc  this 
special  form  of  hydrogen  had  really  been  present ;  that  it  had 
come  from  the  inaium,  and  that  it  had  registered  itself  on  the 
photographic  plate,  although  ordinary  hydrogen  persistently 
refuses  to  do  so.    Although  I  was  satisfied  from  former  experi- 
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ments  that  occluded  hydrogen  behaves  in  this  respect  like 
ordinary  hydrogen,  I  b^ged  my  friend,  Mr.  W.  C.  Roberts, 
F.R  S.,  chemist  to  the  Mint,  to  charge  a  piece  of  palladium 
with  hydrogen  for  me.  This  he  at  once  did,  and  I  take  this 
present  opportunity  to  express  my  obligation  to  him.  I  exhibit 
to  the  Society  a  photograph  of  this  palladium  and  of  indium 
side  by  sida  It  will  be  seen  that  one  form  of  hydrogen  in 
indium  has  distinctly  recorded  itself  on  the  plate,  while  that  in 

f)alladium  has  not  left  a  traca  I  should  add  that  the  pal- 
adium  was  kept  in  a  sealed  tube  till  the  moment  of  making 
the  experiment,  and  that  special  precautions  were  taken  to  pre- 
vent the  two  pieces  between  which  the  arc  was  taken  becoming 
unduly  heatea. 

To  sum  up,  then,  the  facts  with  regard  to  hydrogen :  we  have 
h  differentiated  from  the  other  lines  by  its  appearance  alone  in 
indium,  by  its  absence  during  the  eclipee  in  1875,  when  the 
other  lines  were  photographed  by  its  existence  as  a  short  line 
only  in  the  chromosphere  of  the  sun,  and  by  the  fact  that  in 
the  experiments  of  1869  a  very  high  temperature  was  needed 
to  cause  it  to  make  its  appearance. 
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With  regard  to  the  isolation  of  the  F  line  I  have  already 
referred  to  other  experiments  in  1869,  in  which  Dr.  Frankland 
and  myself  got  it  alone.  I  exhibit  to  the  Society  a  globe  con- 
taining hydrogen  which  gives  us  the  F  line  without  either  the 
red  or  the  blue  one. 

The  accompanying  drawing  (Fig.  6)  shows  how  these  lines 
are  integrated  in  the  spectra  of  the  sun. 
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I  have  other  evidence  which  leads  to  the  conclusion  that  the 
substance  which  gives  us  the  non-reversed  line  in  the  chromo- 
sphere and  the  line  1474  of  Kirchoff's  scale,  termed  the  coronal 
line,  are  really  other  forms  of  hydrogen.    One  of  these  is  more 
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simple  than  that  whioh  gives  us  h  alone,  the  other  more  com- 
plex than  that  which  gives  us  F  alone.  The  evidence  on  this 
point  is  of  such  extreme  importance  to  solar  physics  and 
throws  so  much  light  on  star  structure  generally,  that  I  shall 
reserve  it  for  a  special  communication. 

In  the  meantime  I  content  myself  by  giving  a  diagram  (Fig.  7) 
in  which  I  have  arranged  the  various  groupings  of  hydrogen  as 
they  appear  to  exist,  from  the  regions  or  highest  to  those  of 
lowest  temperature  in  our  central  luminary. 

Summation  of  the  above  Series  of  Facts. 

I  submit  that  the  facts  above  recorded  are  easilv  grouped 
together,  and  a  perfect  continuity  of  phenomena  estaolished  on 
the  hypothesis  of  successive  dissociations  analogous  to  those 
observed  in  the  cases  of  undoubted  compounds. 

The  other  Branches  of  the  Inquiry. 

When  we  pass  to  the  other  possible  evolutionary  processes 
to  which  I  have  before  referred,  and  which  I  hope  to  discuss 
on  a  future  occasion,  the  inquiry  becomes  much  more  compli- 
cated by  the  extreme  difficulty  of  obtaining  pure  specimens  to 
work  with,  although  I  should  remark  that  in  the  working 
hypothesis  now  under  discussion^the  cause  of  the  constant 
occurrence  of  the  same  substance  as  an  impurity  in  the  same 
connection  is  not  far  to  seek.  I  take  this  opportunity  of 
expressing  my  obligations  to  many  friends  who  have  put  them- 
selves to  great  trouble  in  obtaining  specimens  of  pure  chem- 
icals for  me  during  the  whole  continuance  of  my  researches. 
Among  these  1  must  mention  Dr.  Russell,  who  has  given  me 
many  specimens  prepared  by  the  lamented  Matthiessen,  as  well 
as  some  of  cobalt  and  nickel  prepared  by  himself;  Prot 
Boscoe,  who  has  supplied  me  with  vanadium  and  caesium 
alum;  Mr.  Crookes,  who  has  always  responded  to  my  call  for 
thallium;  Mr.  Roberts,  chemist  to  the  Mint,  who  has  supplied 
me  with  portions  of  the  gold  and  silver  trial  plates  and  some 
pieces  of  palladium  ;  Dr.  Hugo  Miiller,  who  has  furnished  me 
with  a  large  supply  of  electrolitically -deposited  copper;  Mr. 
Holtzman,  who  nas  provided  me  with  cerium,  lanthanum,  and 
didymium  prepared  b^  himself;  Mr.  George  Matthav,  of  the 
well-known  metallurgical  firm  of  Johnson  and  Mattday,  who 
has  provided  me  magnesium  and  aluminium  of  marvellous 
parity ;  while  to  Mr.  Valentin,  Mr.  Mellor,  of  SalforJ,  and 
other  friends,  my  thanks  are  due  for  other  substances. 

I  have  already  pointed  out  that  a  large  portion  of  the  work 
done  in  the  last  four  years  has  consisted  in  the  elimination  of 
the  effects  of  impurities.  I  am  therefore  aware  of  the  great 
necessity  for  caution  in  the  spectroscopic  examination  of  various 
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substances.  There  is,  however,  a  number  of  bodies  which 
permit  of  the  inquiry  into  their  simple  or  complex  nature  being 
made  in  such  a  manner  that  the  presence  of  impurities  will  be 
to  a  certain  extent  negligable.  I  have  brought  this  subject 
before  the  Eoyal  Society  at  its  present  stage,  in  the  hope  that 
possibly  others  may  be  induced  to  aid  inquiry  in  a  region  in 
which  the  work  of  one  individual  is  as  a  drop  in  the  ocean.  If 
there  is  anything  in  what  I  have  said,  the  spectra  of  all  the 
elementary  substances  will  require  to  be  re-mapped  and  re- 
mapped from  a  new  standpoint:  further,  the  arc  must  replace 
the  spark,  and  photography  must  replace  the  eye.  A  glance 
at  the  red  end  of  the  spectrum  of  almost  any  substance  incan- 
descent in  a  voltaic  arc  in  a  spectroscope  of  large  dispersion, 
and  a  glance  at  the  maps  prepared  by  such  eminent  observers 
as  Huggins  and  Thalen,  who  have  used  the  coil,  will  give  an 
idea  of  the  mass  of  facts  which  have  yet  to  be  recorded  and 
reduced  before  much  further  progress  can  be  made. 

In  conclusion  I  would  state  that  only  a  small  part  of  the 
work  to  which  I  have  drawn  attention  is  my  own.  In  some 
cases  I  have  merely,  as  it  were,  codified  the  work  done  by 
other  observers  in  other  countries.  With  reference  to  that 
done  in  my  own  laboratory,  I  may  here  repeat  what  I  have  said 
before  on  other  occasions,  that  it  is  largely  due  to  the  skill, 

?atience,  and  untiring  zeal  of  those  who  have  assisted  me. 
'he  burthen  of  the  final  reduction,  to  which  I  have  before 
referred,  has  fallen  to  Mr.  Miller,  my  present  assistant ;  while 
the  mapping  of  the  positions  and  intensities  of  the  lines  was 
done  by  Messrs.  Friswell,  Meldola,  Ord,  and  Starling,  who  have 
successively  filled  that  post. 

I  have  to  thank  Corporal  Ewings,  R.E.,  for  preparing  the 
various  diagrams  which  I  have  submitted  to  the  notice  of  this 
Society. 


Art.  XII. — On  the  Velocity  of  very  Loud  Sounds;  by  William 
W.  Jacques,  Fellow  of  the  Johns  Hopkins  University. 

It  is  very  well  known  that  the  velocity  of  a  musical  sound 
is,  within  very  wide  limits,  sensibly  independent  of  its  intensity 
and  of  its  pitch.  The  experimental  proof  of  this  is  that  a  piece 
of  music,  played  by  a  military  band  at  a  considerable  distance, 
comes  to  the  ear  of  the  observer  with  its  harmony  entirely 
undisturbed. 

A  consideration  of  the  theory  of  the  propagation  of  a  musical 
sound  too,  shows  that  for  sounds  such  as  we  ordinarily  hear, 
in  which  the  change  of  density  from  the  rarified  to  the  con- 
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densed  portion  of  the  wave  is  small  compared  with  the  density 
of  the  undisturbed  air,  the  velocity  should  be  independent  both 
of  the  intensity  and  the  pitch. 

When,  however,  we  come  to  the  consideration  of  a  loud  and 
sharp  shock  or  explosion,  in  which  the  disturbances  are  very 
violent  and  abrupt,  we  cannot  be  at  all  sure  that  the  changes  of 
density  are  negligibly  small,  and  hence  that  the  velocity  of 
sound  for  such  cases  would  be  a  constant 

So  little  is  known  of  the  conditions  in  the  case  of  the  forma- 
tion and  propagation  of  sound  from  a  center  of  explosion,  and 
the  mathematical  considerations  of  such  conditions  as  we  may 
presume  are  so  difficult,  that  we  must  look  almost  entirely  to 
experiment  for  our  knowledge  of  the  propagation  of  very 
loud  Hound&  But  our  experimental  evidence  on  this  point  is 
very  limited.  Nearly  all  of  the  experiments  that  have  been 
made  upon  the  velocity  of  sound  have  been  made  with  a  can- 
non and  have  not  agreed  remarkably  well  with  each  other;  nor 
have  the  thermodynamic  quantities  calculated  from  them,  on  the 
supposition  that  the  velocity  is  identical  with  that  of  a  musical 
sound,  agreed  very  well  with  the  values  of  the  same  quantities 
determined  by  other  methods.  But  we  cannot  say  whether  these 
errors  are  due  to  the  character  of  the  sound  or  to  other  causes. 

The  very  short  interval  between  the  flash  and  the  report  of 
a  stroke  of  lightning,  even  when  it  takes  place  at  a  considerable 
distance,  has  been  instanced*  as  a  proof  of  the  greater  velocity 
of  very  loud  sounds,  but,  so  far  as  the  writer  is  aware,  this  has 
not  yet  been  reduced  to  experiment 

The  experiments  of  Renault  f  in  water  pipes  showed  that 
the  velocity  of  a  pistol  report  became  slightly  less  each  time 
that  it  was  reflected  alon^  the  pipe,  but  the  change  was  very 
small  and  its  cause  is  douotfuL 

The  following  paper  contains  an  account  of  some  automatic 
measurements  of  the  velocity  of  sound  in  the  immediate 
vicinity  of  a  cannon.  The  results  show  that  the  velocity  near 
a  cannon  is  considerably  different  from  that  at  a  distance  and 
point  out  a  considerable  error  that  has  been  introduced  into  the 
most  important  measurement  of  this  quantity. 

The  experiments  were  made  at  the  United  States  Arsenal  in 
Watertown,  Mass. 

The  method  used  was  an  automatic  measurement  of  the 
velocity  at  diflerent  distances,  varying  from  ten  to  one  hundred 
and  ten  feet  from  the  mouth  of  the  cannon,  by  means  of  a 
series  of  membranes^  electrically  connected  with  a  chronograph. 

In  the  midst  of  a  large  level  field  was  placed  a  six-pound 
brass  field  pieca     In  the  rear  of  this,  at  distances  of  10,  80, 60, 

*  Eftinshaw,  PfaiL  Mag.,  1860.  f  Begnault's  Memoirs. 

%  B^gDMilt  iiaed  mOTiibrazies,  though  unlike  these,  in  his  water-pipe  experiments. 
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70,  90  and  110  feet  from  the  mouth  of  the  cannon,  were  placed 
the  membranes,  elevated  about  three  feet  above  the  ground. 
These  membranes  consisted  each  of  a  hoop  nine  inches  in 
diameter  over  which  was  stretched  a  sheet  of  thin  rubber.  To 
the  cent,pr  of  the  membrane,  and  on  the  side  toward  the  can- 
non, was  attached  a  very  small  shelf  of  polished  brass.  Upon 
this  rested  one  end  of  a  aelicate  steel  spring,  the  other  end  being 
fixed  to  an  independent  support 

The  wire  that  brought  the  current  of  electricity  from  the 
chronograph  house  was  connected  with  the  spring,  and  frjm  the 
shelf  a  second  wire  returned  to  the  chronograph.  When  the 
spring  rested  upon  the  shelf  the  circuit  was  closed.  The  pass- 
age of  the  sound  wave,  however,  would  move  the  membrane 
and  break  the  circuit,  causing  a  register  on  the  chronograph. 
When  the  spring  fell  it  rested  upon  a  contact  point  from  which 
a  wire  ran  to  the  next  membrane  of  the  series,  so  that  the  cir- 
cuit, immediately  after  being  broken  at  the  first  membrane,  was 
made  again  through  the  second,  before  the  sound  wave  reached 
it  In  this  way  the  current  could  be  transferred  to  all  the 
membranes  of  the  series  and  the  successive  breakings  and  mak- 
ings of  contact,  as  the  sound  wave  passed  each  one,  could  be 
registered  on  a  chronograph  placed  at  a  distance. 

The  chronograph  used  was  of  the  Schultzform  and  consisted 
essentially  of  a  rapidly  and  uniformly  revolving  cylinder  of  sil- 
ver covered  with  lamp  black,  which  was  made  one  pole  of  the 
secondary  coil  of  an  inductorium,  the  primary  coil  of  which  was 
in  circuit  with  the  membranes.  The  other  pole  of  the  secondary 
coil  was  a  fine  metal  point  brought  very  near  to  the  surface  of 
the  cylinder.  When  the  primary  circuit  was  broken  or  com- 
pleted at  the  membranes,  a  spark  passed  between  the  metal 
point  and  the  cylinder  and  made  a  fine  dot  in  the  lamp  black, 
by  the  side  of  the  point  was  an  electrical  tuning-fork  which 
traced  a  sinuous  curve  of  times  on  the  lamp-blacked  surface  of 
the  cylinder.  The  time  could  thus  be  measured  to  '00001  of  a 
second.  All  that  was  necessary  then  for  the  experiment  was  to 
choose  a  moment  when  the  air  was  as  nearly  as  possible  at  rest 
and  then,  the  membranes  being  in  order,  to  start  the  chrono- 
graph and  fire  the  gun.  The  distances  between  the  membranes 
were  then  accurately  measured,  the  times  of  passage  between 
successive  membranes  determined  from  the  chronograph  and 
the  temperatures  read  off  from  thermometers  placed  at  each 
membrane. 

The  experiment  was  many  times  repeated  with  the  mem- 
branes interchanged,  with  different  velocities  and  parts  of  the 
chronograph  cylinder  and  with  other  precautions  to  prevent 
possible  errors,  but  always  with  the  same  result  It  was 
found   that   immediately    in    the    rear    of    the   cannon    the 
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velocity  of  soand  was  less  than  at  a  distance,  but  that 
going  further  and  further  from  the  cannon,  the  velocity  of  sound 
rose  to  a  maximum  considerably  above  the  ordinary  velocity  and 
then  fell  gradually  to  about  the  velocity  usually  received. 

In  order  to  determine  whether  the  first  low  velocities  were 
due,  as  was  supposed,  to  the  retarding  influence  of  the  bodily 
motion  of  the  air  around  the  cannon,  it  was  pointed  at  right 
angles  to  its  first  position,  when  it  was  found  that  the  maximum 
velocity  came  nearer  to  the  cannon.  Had  the  cannon  been  turned 
in  the  direction  of  the  line  of  membranes  the  retardation  would 

Erobably  have  become  an  acceleration.  The  experiment  was, 
owever,  of  course  impracticable.  That  this  apparent  retarda- 
tion was  not  due  to  the  difference  in  time  of  action  of  the  mem- 
branes, due  to  a  variation  of  the  force  of  the  wave,  is  evident 
both  from  the  very  slight  force  required  in  either  case  and  from 
the  fact  that  the  variation  noticed  is  in  the  wrong  direction. 

The  charge  of  powder  was  considerably  varied  and  the 
heaviest  charges,  or  course,  caused  the  greatest  deviation  from 
the  ordinary  velocity. 

The  successive  series  of  experiments,  owing  to  differences  in 
the  charge  and  in  the  loading,  gave  different  values  of  the 
velocity  at  any  one  place,  but  the  facts  above  stated  always 
remained  the  same. 

Accordingly  each  series  represents  the  condition  of  things 
better  than  the  mean  of  several,  and  I  have  here  given  a  table 
of  three  of  the  best  series. 

The  first  column  represents  the  distance  from  the  mouth  of 
the  cannon  ;  the  second  the  values  of  the  corresponding  veloci- 
ties in  the  rear  of  the  cannon,  when  the  charge  was  one  and  a 
half  pounds;  the  third  when  the  charge  was  reduced  to  half  a 
pound,  and  the  last  when  the  cannon  was  pointed  at  right 
angles  to  the  line  of  membranes. 

Velocities  reduoed  to  0®  0. 


Bear  of 

cannon. 

Side  of  cannon. 

IntervaL 

U  lbs.- 

ilb. 

10-  80  feet. 

1076  feet. 

.  - .- 

30-  60 

1187 

1032 

1067 

60-  70 

1240 

1091 

1162 

70-  90 

1267 

1120 

1201 

90-110 

1262 

1114 

1188 

The  conclusions  that  we  may  draw  from  these  experiments 
are :  1.  That  the  velocity  of  sound  is  a  function  of  its  intensity. 
2.  That  experiments  upon  the  velocity  of  sound  in  which  a 
cannon  is  used  contain  an  error,  probably  due  to  the  bodily 
motion  of  the  air  near  the  cannon.  Evidently  a  musical  sound 
of  low  intensity  must  be  used  for  a  correct  determination  of  the 
velocity  of  sound. 
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Art.  Xni. — Has  Lake  Winnipeg  discharged  Oirough  ike  Minne- 
sota within  the  last  two  hundred  years  f  by  J.  E.  ToDD. 

After  reading  General  Warren's  article  in  the  December 
number  of  the  Journal,  I  casually  took  up  a  copy  of  Stans- 
bury*s  Report  on  Salt  Lake.  On  page  152  I  found  a  curious 
account  of  Baron  La  Hontan's  Expedition  up  the  *'Long 
River"  in  1689.  The  Baron  states  tnat  he  passed  down  the 
Wisconsin  to  the  Mississippi,  which  he  ascended  nine  days, 
when  he  "entered  the  mouth  of  the  Long  River,  which  looks 
like  a  lake  full  of  bulrushes,"  up  which  he  sailed  for  six 
weeks,  but  was  prevented  by  the  advance  of  the  season  from 
reaching  its  source.  He  learned  from  the  natives,  however, 
considerable  about  its  upper  course,  which  he  incorporated  in 
his  map. 

Captain  Stansbury  gives  a  map  drawn  in  1710  by  John 
Senex,  F.R.S.,  on  which  the  discoveries  of  La  Hontan  are 
given.  This  represents  the  **  Long  River"  as  being  like  a  long 
lake  toward  its  source,  and  flowing  nearly  due  east  through 
25°  of  longitude.  Another  curious  point,  it  is  represented  as 
having  a  continuous  water  connection  through  the  *'Moin- 
gona"  River  with  the  Mississippi,  at  a  point  far  south  of  its 
proper  mouth,  where  La  Hontan  entered  it. 

La  Hontan  describes  it  as  "  all  along  very  slack  and  easv, 
abating  about  three  leagues,"  and  the  channel  unusually 
straight.  "Its  banks,"  he  says,  "have  a  dismal  prospect,  and 
the  water  itself  has  an  ugly  taste;  but  then  its  usefulness 
atones  for  such  inconveniences,  for  His  navigable  with  the 
greatest  ease,  and  will  bear  barques  of  fifty  tons." 

That  the  "  Long  River"  may  have  been  the  ancient  Minne- 
sota seems  indicated,  therefore,  by  their  corresponding  in  posi- 
tion of  their  mouths,  their  similarity  in  breadth  of  stream  and 
slowness  of  current  Moreover,  the  "  Moingona"  would  then 
correspond  to  the  Blue  Earth  and  Des  Moines,  whose  sources 
were  formerly  connected  by  **  Union  Slough,"  as  shown  by  Dr. 
C.  A.  White,  in  his  report  on  the  Geology  of  Iowa. 

The  curious  eastward  direction  of  the  Long  River  may  pos- 
sibly be  explained  partly  by  the  strong  eastward  declination  of 
the  magnetic  needle  at  that  time,  and  partly  by  the  strong 
desire  of  the  Baron  to  find  a  way  across  the  continent  Pre- 
conceived notions  seem  to  have  influenced  him  in  several  other 
of  his  statements  and  conclusions,  but  perhaps  not  more  so 
than  was  customary  in  those  days. 

Tabor,  Iowa,  Dec.,  1878. 
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Art.  XIV. — On  the  Result  of  the  Spectroscopic  Observation  of  the 
Solar  Eclipse  of  July  29th,  1878;*  by  George  F.  Barker. 

7b  Profeaaor  Henry  Draper ^  M.D,,  Director  of  the  Draper  Edipee  ExpediUcn : — 

Dear  Sir :  I  beg  leave  to  submit  to  you  herewith  my  Report 
on  the  spectroscopic  observations  made,  and  on  the  results 
obtained  at  Rawlins,  Wyoming  Territory,  during  the  solar 
eclipse  of  July  29th,  1878,  that  portion  of  the  work  having 
been  allotted  to  me  by  yourself  in  the  organization  of  the 
expedition. 

The  instruments  and  apparatus  used  in  the  observations 
were  loaned  for  the  purpose  from  the  physical  cabinet  of  the 
University  of  Pennsylvania,  They  consisted  (1)  of  an  equa- 
torially  mounted  achromatic  telescope  of  four  inches  aperture 
made  by  Jones  of  London,  (2)  a  direct-vision  astronomical 
spectroscope  by  Merz  of  Munich,  (3)  a  second  direct-vision 
spectroscope  by  HoSmann  of  Paris,  (4^  and  a  pocket  spectro- 
scope by  George  Wale  &  Go.  Beside  this  spectroscopic  outfit, 
a  second  four-inch  achromatic  telescope  by  Dollond  was  taken 
for  use  with  the  tasimeter  by  Dr.  Edison,  and  a  Savart,  a 
Senarmont,  and  an  Arago  polariscope,  for  determining  the 
polarization  of  the  corona.  The  Merz  spectroscope  above  men- 
tioned is  described  in  the  Philosophical  Magazine,  FV,  xli,  Feb. 
1871.  It  is  provided  with  two  compound  direct- vision  prisms, 
of  which  one  or  both  can  be  used  at  pleasure,  each  consisting 
of  five  single  prisms,  two  of  flint  glass  with  a  refracting  angle 
of  84°,  and  three  of  crown ;  one  of  these  having  a  refracting 
angle  of  84°,  the  others  of  87°.  The  dispersive  power  of  each 
of  these  compound  prisms  is  about  equal  to  that  of  two  equi- 
lateral prisms  of  flint  glass.  The  instrument  has  a  collimating 
and  an  observing  telescope,  each  furnished  with  an  object  glass 
two-thirds  of  an  inch  in  aperture  and  four  inches  in  focal  length. 
The  prism-tube  is  attached  to  the  collimator  by  two  centers, 
giving  it  a  lateral  motion  about  a  line  passing  through  these 
centers,  which  constitutes  an  axis  parallel  to  the  slit  The 
observing  telescope  is  ^milarly  attached  to  the  tube  carrving 
the  prism.  These  motions  serve  to  alter  the  incidence  of  the 
rays  upon  the  surface  of  the  prism,  and  also  to  bring  any 
special  part  of  the  spectrum  into  the  middle  of  the  field.  The 
oDserving  telescope  is  provided  with  a  positive  eye-piece  of  an 
equivalent  focal  length  of  one  inch,  and  also  with  a  needle 
micrometer,  having  an  eye-piece  of  one-half  inch  focus.  The 
graduations  upon  this  micrometer  are  strongly  cut,  enabling  the 
positions  and  the  distances  of  the  lines  measured  with  it,  to  be 

*  Read  by  peimitsion  of  Dr.  Draper  at  the  St  Louis  meeting  of  the  American 
Association  for  the  Adyancement  of  Sdenoe. 
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easily  read  even  in  a  faint  light  The  spectroscope  was  firmly 
attached  to  the  draw  tube  of  the  equatorial  telescope  by- 
means  of  an  open  frame  made  by  Zeutmayer,  so  that  the  posi- 
tion of  the  image  with  reference  to  the  slit  could  be  readily 
observed. 

The  time  from  the  19th  of  July,  the  date  of  our  arrival  at 
Rawlins,  until  the  29th,  was  occupied  in  setting  up  the  instru- 
ments, in  getting  them  into  adjustment,  and  in  practice  with 
them.  It  was  found  that  witn  only  one  of  the  compound 
prisms  of  the  Merz  spectroscope,  the  slit  being  placed  radially, 
it  was  easy  to  observe  the  lines  C  and  F  reversed  in  the  chromo- 
sphere, and  also  the  bright  line  D,.  On  the  morning  of  the 
d^y  of  the  eclipse,  the  solar  edge  was  examined  for  protuber- 
ances, in  order  to  locate  them  in  advance  of  totality.  But  a 
single  one  was  noticed,  this  being  on  the  southwestern  edge  of 
the  sun.  As  the  time  of  first  contact  approached,  the  spectro- 
scope was  removed  and  a  paper  screen  was  attached  to  the 
draw  tube,  an  image  of  the  sun  being  formed  on  this  screen  by 
means  of  the  eye-piece  ;  thus  enabling  the  time  of  this  contact 
to  be  approximately  determined  and  the  subsequent  progress  of 
the  eclipse  to  be  conveniently  observed.  No  spots  were  seen 
under  tnese  circumstances,  though  this  could  hardly  have  been 
expected  since  the  solar  image  was  so  small,  scarcely  three 
inches  in  diameter,  unless  the  spots  were  of  large  size.  As  the 
time  of  second  contact  drew  near,  the  spectroscope  was  replaced 
upon  the  equatorial.  Since  you  deemed  it  of  importance  to 
pay  special  attention  to  the  oxygen  lines  in  the  vicinity  of 
G,  the  micrometer  of  this  instrument  was,  at  your  suggestion, 
so  adjusted  that  one  of  its  needle  points  rest^  on  the  hydro- 
gen line  near  G,  and  the  other  on  tne  line  known  as  A.  After 
the  last  ray  of  sunlight  had  disappeared,  I  took  a  few  seconds 
of  the  precious  time  to  observe  the  eclipse  with  the  naked  eye. 
The  moon  appeared  intensely  black,  surrounded  by  a  pinkish 
halo,  extending  to  about  two-fifths  of  a  lunar  diameter  from 
the  limb,  and  occupying  the  entire  circumference.  At  two 
points  this  halo  was  expanded  into  radial  streamers,  one  of 
which  had  parallel  sides  with  a  deeply  indented  or  swallow- 
tailed  end,  extending  westward  of  the  sun  and  apparently 
lying  in  the  ecliptic;  the  other  appeared  single,  was  on  the 
eastern  edge,  and  was  inclined  twenty  degrees  or  more  to  the 
north  of  the  ecliptic.  The  former  of  these  streamers  was  traced 
to  a  distance  oi  about  a  lunar  diameter  from  the  edge,  the 
latter  to  a  somewhat  less  distance.  No  structure  could  be  seen 
in  the  halo,  but  in  the  streamers  traces  of  parallel  rays  appeared 
to  be  present.  The  amount  of  light  emitted  by  the  corona 
was  a  surprise  to  me.  Preparations  had  been  made  for  using 
artificial  light  for  reading  the  circles,  but  this  was  found  not 
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to  be  at  all  necessary.  The  amount  of  light  seemed  to  be 
nearly  or  quite  equal  to  that  given  by  the  moon  when  ten  days 
old.  No  protuberances  were  seen  with  the  naked  eye  nor 
were  any  streamers  observed,  other  than  those  already 
described.  A  glance  at  the  eclipsed  sun  was  then  taken 
through  the  finder  of  the  equatorial.  The  magnifying 
power  being  low,  the  corona  presented  much  the  same 
appearance  as  to  the  naked  eye.  But  the  streamers  showed 
much  more  distinct  evidences  of  a  radiated  structure  and  a 
pale  rosy  protuberance  was  observed  on  the  southwestern  edge 
of  the  dark  disc.  This  was  undoubtedly  the  same  prominence 
which  was  observed  previous  to  totality. 

Turning  my  attention  now  to  the  spectroscope,  upon  the  slit 
of  which  the  coronal  image  had  already  been  brought  by  means 
of  the  finder,  the  slit  being  placed  radially,  the  first  glance 
through  the  instrument  showed  me  a  bright  but  an  absolutely 
continuous  spectrum.  The  r^on  under  examination  was  of 
course  that  portion  of  the  spectrum  which  had  been  placed 
before  totality  between  the  needle  points  of  the  micrometer. 
Totally  unprepared  for  so  unexpected  a  result,  I  moved  the 
observing  telescope  so  as  to  bring  the  green  portion  of  the  spec- 
trum into  the  field,  expecting  certainly  to  see  1474  K  and  by 
the  appearance  of  this  line  to  determine  whether  my  instrument 
was  out  of  adjustment;  and  if  it  was  to  adjust  it  again.  But  no 
bright  line  was  there  ;  the  green  region  appeared  as  continuous 
as  the  blue.  I  then  gradually  closed  the  slit — which  had  been 
previously  adjusted  on  the  solar  spectrum  so  that  the  line  D 
appeared  nebulous  on  its  edges — ^thinking  that  I  might  in  this 
way  improve  the  definition  ;  but  with  no  better  result ;  no 
bright  lines  could  be  seen.  To  my  great  surprise  however, 
when  the  slit  was  thus  narrowed,  the  region  which  was  then 
under  examination,  that  extending  from  b  to  G,  appeared  filled 
with  dark  lines  on  the  brighter  background,  these  dark  lines 
being  readily  recognized  from  their  general  appearance  as  the 
solar  lines  of  Fraunhofer.  Still  intent  on  getting  bright  lines, 
I  opened  the  slit  again  gradually,  moved  the  observing  tele- 
scope over  the  entire  length  of  the  spectrum  from  red  to  violet, 
repeating  the  operation  three  times  and  varying  the  width  of 
the  sUt  from  time  to  time  in  each  region ;  but  not  a  single 
bright  line  could  be  detected.  I  then  requested  you  to  come 
and  take  a  glance  through  my  spectroscope,  as  had  been  pre- 
viously agreed;  saying  that  although  I  could  see  dark  Imes 
and  a  continuous  spectrum,  I  was  unable  to  detect  a  single 
bright  line  and  knew  not  what  to  make  of  it.  You  were  then 
looking  at  the  eclipse  through  your  ingenious  little  telespectro- 
scope  of  two  inches  aperture.  You  came  to  my  instrument, 
looked  at  the  spectrum,  moved  the  observing  telescope  over  its 
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whole  length  and  remarked  that  the  results  in  my  spectroscope 
agreed  entirely  with  those  in  yours,  and  that  the  spectrum 
appeared  in  both  absolutely  continuous.  My  mind  bemg  thus 
relieved,  I  took  my  place  again  at  the  spectroscope,  and  this 
time,  placing  the  slit  tangential  to  the  moon^s  limo,  I  moved 
the  observing  telescope  from  end  to  end  of  the  spectrum,  open- 
ing and  closing  the  slit  at  intervals ;  but  the  spectrum  appeared 
as  continuous  as  before.  Again  the  image  was  adjusted  so  that 
the  slit  was  once  more  radial ;  and  this  time  on  still  a  different 

tortion  of  the  corona.  On  examining  again  the  spectrum,  no 
right  lines  appeared,  except  once  for  an  instant,  when  the  slit 
passed  over  the  small  chromospheric  prominence  already 
noticed.  Warned  by  Mrs.  Drapers  clear  and  distinct  counting 
that  the  precious  165  seconds  had  two-thirds  gone,  I  decided  to 
devote  the  time  still  remaining  to  a  more  careful  observation 
of  the  dark  Fraunhofer  linea  Now,  for  the  first  time,  as  I 
adjusted  the  width  of  the  slit  and  its  position  on  the  corona 
with  more  care,  I  observed  that  these  lines  did  not  pass  clear 
across  the  field,  but  were  of  a  length  corresponding  to  the  width 
of  the  coronal  imt^e  on  the  slit.  At  the  base  of  the  spectrum, 
which  corresponded  to  the  base  of  the  corona,  they  appeared 
bright  and  sharp ;  certainly  quite  as  much  so  as  in  the  light  of 
the  moon  similarly  condensed ;  though  the  continuous  spectrum 
which  formed  their  background  was  relatively  brighter  than  in 
moonlight  There  was  no  difficulty  in  identifying  them  as 
Fraunhofer  lines  from  their  general  appearance  and  position ; 
but  some  of  them  could  be  identified  beyond  question.  Such 
were  h  and  F,  which  were  especially  distinct,  and  D,  E  and  G 
which  were  considerably  less  so.  They  faded  gradually  out 
from  the  base  of  the  spectrum  upward,  appearing  to  end  where 
the  continuous  spectrum  of  the  corona  was  limited  above. 
While  thus  employed,  a  flash  of  sunlight  told  us  that  totality 
had  ended  and  that  the  solar  eclipse  of  1878  was  over. 

In  discussing  the  results  of  the  spectroscopic  observations 
which  have  now  been  detailed,  I  am,  m  the  first  place,  quite  at 
a  loss  to  account  for  the  fact  that  no  bright  lines  were  seen  by 
me,  notwithstanding  the  persistent  efforts  made  to  get  them. 
The  failure  to  observe  them  can  be  accounted  for,  as  it  would 
seem,  only  on  the  ground  that  with  the  dispersive  power 
employed,  the  bright  lines  were  too  faint  to  be  seen  on  the 
much  brighter  bacKground  of  the  continuous  spectrum. 

The  lessons  to  be  drawn  from  these  spectroscopic  observations 
appear  to  be  few  and  simple.  The  absence  of  bright  lines,  or 
at  least  of  any  which  were  at  all  brilliant,  proves  clearly  the 
absence  in  the  solar  coronal  region  of  any  considerable  mass  of 
incandescent  gas  or  vapor,  which  shining  by  its  own  light 
would  of  course  give  a  bright-line  spectrum.     The  presence  of 
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Fraunhofer  lines  in  the  coronal  spectrum  shows  conclusively 
the  presence  of  reflected  sunlight  in  the  light  of  the  corona  and 
goes  to  establish  the  theory,  long  ago  suggested,  that  masses  of 
meteoric  matter  raining  down  upon  the  solar  surface  from  all 
directions  reflected  to  us  the  light  of  the  sun,  and  were,  there- 
fore, the  essential  cause  of  the  coronal  phenomena.  And,  finally, 
the  fact  of  the  increased  brightness  of  the  continuous  spectrum, 
as  compared  with  the  intensity  of  the  dark  lines  of  Fraunhofer, 
goes  to  strengthen  the  probability  that  there  is  still  other  light 
in  the  corona  which  comes  to  us  from  the  incandescent  liquid 
or  solid  matter  of  these  intensely  heated  meteoric  masses. 
These  conclusions,  deduced  very  simply  from  my  own  spectro- 
scopic results,  agree  completely,  I  am  happy  to  find,  with 
those  drawn  from  your  most  excellent  photographs,  as  well  as 
from  the  ingenious  heat-measurements  of  Dr.  Edison  and  the 
polariscopic  determinations  of  Dr.  Morton. 

In  concluding  this  Report,  you  will  permit  me  I  am  sure,  to 
express  the  great  gratification  which  the  Draper  Eclipse  Ex- 
pedition has  continually  aflforded  ma  The  delight  at  being 
able  to  witness  a  total  eclipse  of  the  sun,  has  been  intensified 
by  the  complete  success  of  all  the  attempts  made  to  observe  it, 
and  by  the  most  agreeable  companionship  during  the  trip.  My 
obligation  to  you  for  the  opportunity  is  as  profound  as  my 
thanks  to  you  lor  it  are  sincere  and  cordial. 

Truly  yours,  George  F.  Barker. 

Philadelphia,  August  10th,  1878. 


Art.  XV. — On  a  mode  of  measuring  the  Velocity  of  Sound  in 
Wood;  by  Magnus  C.  Ihlseng,  Ph.D. 

[Read  before  the  National  Academy  of  Science,  October,  1877.] 

The  subject  of  this  paper  was  suggested  to  me  by  Professor 
Rood,  and  the  work  carried  out  under  his  direction  in  the 
physical  laboratory  of  Columbia  College. 

Since  the  study  by  Chladni  of  longitudinal  vibration  in  rods, 
many  researches  upon  this  point  have  rendered  them  of  great 
importance  for  the  determination  of  the  velocity  of  sound  and 
the  elasticity  of  solid  bodies.  The  methods  of  measuring  the 
velocity  of  sound  in  solids,  which  depended  upon  the  perception 
by  the  ear  of  the  unison  of  two  notes  were  difficult  in  practice 
and  gave  imperfect  results.  Du  Hamel*  proposed  to  cause  a 
pen  attached  to  the  rod  to  describe  a  wave  line  on  a  revolving 
glass  plate,  and  thus  to  register  vibrations;  he  did  not  carry 
the  project  into  effect     Wertheimf  in  his  excellent  work  em- 

*  Journal  de  Ecole  Polytechnic  Oohier,  xxiii,  19. 
f  Pogg.  Annalen,  Ergftnz.,  ii,  1. 
Am.  Joub.  Soi.— Third  Sbribs,  Vol.  XVII,  No.  98.— Fkb.,  1879. 
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ployed  a  method  of  this  kind,  and  connected  with  the  rod  a 
chrono^raphic  apparatus.  He  determined  the  transverse  vibra- 
tions oi  the  rod  by  simultaneously  registering  those  of  a  tuning 
fork,  and  then  superimposed  the  longitudinal  vibrations  of  the 
rod  upon  its  transverse,  and  ascertained  from  the  corrugated 
wave  line  thus  produced,  the  relation  between  the  longitudinal 
and  transverse  vibrations. 

Kundt,*  however,  in  1866  contrived  a  method  which  is  so 
well  known  as  to  need  only  a  few  words  of  description.  A 
sounding  rod  is  compelled  to  set  into  vibration  a  column  of  air 
enclosed  in  a  glass  tube,  and  in  accordance  with  the  laws  of  the 
orffan  pipes,  the  ratio  of  the  length  of  the  wave  in  the  soundinff 
rod  to  that  of  the  wave  of  air  in  the  glass  tube,  is  obtained. 
Having  corrected  this  for  the  temperature  and  the  hygrometric 
state  of  the  atmosphere  it  is  possible  to  obtain  a  value  for  the 
velocity  of  propagation.  During  the  past  year,  Kayserf  em- 
ployed Kundt*s  method  for  studying  the  ratio  of  the  specific 
heat  under  a  constant  volume  to  the  specific  heat  under  a  con- 
stant pressure. 

1. 


All  of  the  above  experiments  were  made  upon  metals.  With 
the  exception  of  MM.  Wertheim  and  Chevandier's  extended 
researches:]:  upon  the  woods  of  the  Vosga  forests,  I  know  of  but 
very  few  determinations  of  the  velocity  of  sound  in  wood. 
Having  intended  to  measure  the  velocity  of  sound  in  some 
American  woods,  Kundt's  method  was  first  employed;  the 
apparatus  was  similar  to  his  but  somewhat  modified  to  suit  the 


T 


special  circumstances.  Fig.  1  shows  the  arrangement  in  per- 
spective; B  is  the  vise  holding  the  rod,  AC,  clamped  by  a  screw, 
O,  acting  on  a  plate  of  brass  which  presses  the  rod  firmly  upon 
its  rest;  the  vise  is  screwed  upon  the  table,  which  is  fastened 
to  the  floor  and  braced  to  avoid  shaking.  The  rod  is  rubbed 
by  a  resined  woolen  cloth  along  A,  and  being  set  into  vibration, 

*  Pogg.  Ann.,  cxxvii,  337.  \  Ibid.,  187T,  N.  10,  p.  218. 

X  Ck>mpte8  Rendus,  xziii,  663. 
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communicates  it  to  the  air  in  the  glass  tube,  I,  the  dust  figures 
then  are  formed  at  the  nodes  A,  B,  B',  B'',  etc.  The  distances 
AB  and  B'  B"  are  the  semi- wave  lengths  of  air  corresponding 
to  the  note  riven  by  the  rod.  Although  the  length  Ab"  does 
not  materialiy  afiect  the  length  of  the  waves,  it  has  been  found 
best  to  make  it  equal  to  a  multiple  of  the  semi-wave  lengths  as 
then  the  figures  are  most  definite.     The  glass  tube   was  1™ 

Table  L 


Name  of  wood. 

No.  rod. 

Length. 

Section. 

8p.  Or. 

Cedar, 

I 

1838-4 

14-25  x21-46mni 
1415x21-45 

•432 

u 

•482 

It 

3 

4 

24 

5 

1838-75 
1836-72 
1650-0 
1876-92 

15-6    X  20-45 
14-3    x2r6 
14-3    X21-1 
12-4    X  26-35 

'465 

<( 

•417 



•478 

White  wood, 

.1 

6 

1838-67 

11-77x26-42 

-476 

a 

7 

18340 

12-35  X  26*85 

-443 

u 

8 

1162-26 

12-38x13-17 

u 

9 

1162-55 

130    X  13-14 

u 

10 

1142-37 

12-28  X  1300 

•478 

u 

11 

1164-94 

12-79x13-23 

u 

12 

1184-73 

12-94x13-16 

White   pine, 

13 

1842-6 

17-86  x  21-27 

-491 

a        i» 

15 

1841-9 

17-45x23-05 

-432 

YeUow     "     .... 

23 

1062-45 

12-17  X  2411 

-664 

Hickory, 

14 

1550-5 

24-27  X  12-96 

•922 

White  ash, 

16 

1836-5 

9-55x19-65 

-544 

i( 

17 

1838-26 

9-55  X  19-70 

•541 

II 

18 

1809-7 

14-98  X  17-6 

•593 

White  hoUy, 

19 

1378-5 

10-30x10-91 

•562 

MahogaDj, 

20 

1349-1 

11-54x11-52 

-540 

Black  Walnut,... 

21 

1378-63 

10-82  X    9-73 

•518 

Cherry, 

22 

15601 

10-92x11-49 

•693 

Red  oak, 

25 

1494-7 

12-35x18-28 

•660 

White  oak, 

26 

1494-5 

12-68x17-98 

-775 

Velocities  obtained  by  KuadJt^s  method, 
Tablb  n. 


Bods. 

Nnmber  of 
obeerrftUons. 

Tempentnre. 

Velocity. 

Probable  error. 

No.    1 

25 

15"-5  C. 

39063     M. 

2-4     M. 

"     2 

40 

207 

4027-6 

8-08 

**     3 

25 

161 

3966*4 

4*62 

"      4 

25 

16-8 

4071-68 

9*90 

"      5 

26 

13-6 

5164-6 

2*68 

"      6 

30 

15-6 

5129-9 

12-29 

"      7 

35 

16-3 

5249*3 

2-6 

*»      8 

30 

140 

4912*31 

4*3 

*»     9 

35 

14^4 

4789*63 

4-3 

"    10 

30 

146 

4712*53 

2*4 

•*    11 

25 

14-5 

5309*4 

7*9 

"    12 

25 

143 

4845*17 

3-4 

"   13 

35 

154 

4783*15 

2-6 

"    14 

25 

164 

4110-07 

2-1 
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loDg  and  19™"  internal  diameter;  the  cork  H,  inclusive  of 
the  two  pins  which  held  it  to  the  rod,  weighed  1*08  grams. 
With  this  apparatus  the  velocitjr  of  sound  in  the  following 
woods  was  measured ;  cedar,  white  wood,  yellow  and  white 
pine,  hickory,  white  ash,  holly,  mahogany,  black  walnut,  cherry 
and  white  oak. 

The  probable  error  is  so  small  that  it  would  seem  to  indicate 
either  that  the  procedure  is  a  very  accurate  one  or  that  the 
error  is  constant  and  in  the  same  direction. 

But  during  the  progress  of  these  experiments,  another  method 
was  devised  whereby  the  rod  registered  its  own  vibrations.  A 
blackened  glass  plate  was  drawn  rapidly  by  in  a  horizontal 
direction  by  a  falling  weight,  and  matters  were  so  arranged  that 
a  pen  attached  to  the  rod  of  wood  wrote  its  vibration  upon  the 
plate,  which  simultaneously  registered  those  of  a  tuning  fork. 
The  apparatus  was  capable  of  being  leveled  accurately,  and  it 
had  connected  with  it  an  arrangement  that  enabled  the  ob- 
server to  set  it  into  action  at  any  desired  instant.  The  final 
result,  of  course,  is  that  two  parallel  sets  of  curves  are  traced 
on  the  smoked  glass.  For  the  purpose  of  making  the  measure- 
ments it  was  necessary  to  compare  the  corresponding  portions 
of  the  two  curves,  and  two  lines  were  drawn  at  right  angles  to 
them  so  as  to  include  corresponding  portions.  This  was  eflfected 
by  a  little  piece  of  apparatus  especially  contrived  for  the  pur- 
pose. The  number  of  waves  registered  were  then  counted  with 
the  aid  of  a  compound  microscope,  which  with  its  micrometer 
eye-piece  was  also  used  to  measure  the  fractional  parts  of  the 
waves.  It  was  found  possible  with  this  arrangement  to  esti- 
mate, without  any  diflSculty,  the  fiftieth  part  of  a  wave  length. 
The  following  columns  give  ten  readings  of  a  single  wave  length, 
showing  their  agreement ;  the  wave  traced  on  the  smoked  glass, 
in  this  case,  had  an  average  length  of  S-56"". 

8-67  3-58 

3*60  3-65 

8-58  8-42 

8-70  3-80 

8-52  

8-75  8-56 

For  determining  the  rate  of  the  fork,  the  average  of  six 

determinations  of  5*088  seconds  each,  by  a  chronograph,  was 

7701-70 
taken  as  follows:  />.  g^oo=265-04. 
oXo*0oo 

The  difiference  between  this  quantity  and  the  number  of 

vibrations  stamped  on  the  fork  by  Koenig  (256)  was  due  to  the 

fact  that  the  fork  was  loaded  by  the  wax  and  pointer. 


Digitized  by 


Google 


M,  C.  Ihlseng — Velocity  of  Sound  in  Wood, 


129 


Tablb  IIL 


Bodf. 

Knndt'B  Method. 

Qraphic  Method. 

DUItorence. 

Velocity  V. 

Probable  Brror. 

Velocity  v. 

Probable  Error. 

1 

3849*28  M. 

2-6    M. 

3786-3  M. 

51    M. 

64-0    M. 

2 

4061-66 

2-79 

4024.3 

6-62 

37-26 

3 

3934-49 

4-36 

3870.6 

6-61 

64-0 

6 

4985-06 

10-30 

4896.7 

9-66 

88-36 

7 

5278-59 

9-69 

5226.3 

3-37 

53-29 

13 

475302 

2-88 

4715.3 

6-45 

37-72 

23 

4326-36 

214 

4266.6 

7-88 

60-76 

24 

3950-90 

3-66 

3871.2                    6-64 

79-7 

The  first  determinations  were  on  the  comparison  between 
the  graphic  and  Kundt's  method.  To  this  ena  an  experiment 
was  made  by  combining  both  methods,  thus:  while  the  rod 
was  urging  the  air  column  into  synchronous  action  by  means 
of  the  cork  (Kundt's  method),  it  simultaneously  registered, 
with  its  pen,  the  rate  of  its  vibration.  The  results  obtained  by 
this  douole  method  should,  of  course,  agree,  as  both  the  motions 
originate  from  the  same  source.  They  were  found,  however,  to 
differ  as  shown  in  the  annexed  table. 

These  values  are  averages  of  fifteen  observations.  A  glance 
at  this  table  shows  that  the  air  method  gives  results  which  are 
invariably  higher  than  the  graphic  method,  the  difference 
between  the  numbers  being  much  larger  than  the  sum  of  the 
errors  in  the  two  cases.  This  may  be  due  to  the  fact  of  Kundt 
using  too  large  a  cocfflScient  for  the  correction  for  moisture  and 
temperature.  The  experiments  having  been  conducted  during 
the  winter,  the  amount  of  moisture  in  the  laboratory  was  a 
minimum.  Thus,  calculating  the  velocities  on  the  supposition 
that  the  air  was  perfectly  dry  we  obtain  the  following  results 
which  are  still  too  high. 


Bods. 

Calculated  Velocity. 

Diif.  from  Graphic  Method. 

1 

3838-04  M. 

+  53-74  M. 

2 

4038  42 

+  14-12 

3 

3922-53 

+  52-03 

6 

4966*34 

+  69-64 

7 

5263-93 

+  38-63 

13 

4728-40 

+   13-10 

23 

4311-05 

+  46-45 

24 

3939-01 

+   67-81 

These  comparisons  show,  it  would  seem,  that  the  tendency 
of  Kundt's  methods,  at  least  as  used  by  me,  was  to  give 
results  which  were  somewhat  higher  than  they  should  have 
been. 

To  the  above  it  may  be  added  that  in  these  experiments  on 
Kundt's  method,  the  stopper  J,  figure  1,  was  placed  at  a  node, 
thus  making  an  air  column  in  the  tube  which  was  in  unison 
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with  the  rod ;  the  resistance  to  the  rod's  vibration  was  then 
small.  But  if  we  remove  the  stopper  from  the  node  and  place 
it  in  the  middle  of  a  ventral  segment,  the  resistance  to  vibra- 
tion becomes  a  maximum,  the  rate  of  the  rod  is  diminished 
and  we  have  a  lower  number  of  vibrations  actually  executed 
and  registered  by  the  rod.  Eod  No.  23  was  subjected  to  this 
test,  its  length  being  1051  "IS"*™.  While  the  rod  was  urging 
the  air  column  into  vibration,  the  stopper  being  at  a  node,  the 
rate  of  vibration  registered  by  the  rod  itself  was  2029  per 
second.  Removing  the  stopper  to  a  ventral  segment  dimin- 
ished the  rate  to  2009*2  vibrations.  In  the  latter  determina- 
tion no  satisfactory  dust  figures  could  be  obtained. 

Having  thus  compared  these  two  methods,  we  now  proceed 
to  give  the  results  obtained  by  the  graphic  method  upon  the 
several  rods.  The  rods  were  clamped  in  the  center  and  with- 
out any  load  except  the  inappreciable  weight  of  the  pen. 

Tablb  rv. 
VdocUy  of  sound  in  American  woods :  mecuured  by  the  Oraphic  Method. 


Names  of  Wood. 


Oedar, 


White  Wood, 

II  II 

II  K 

"     Pine, 

II        11 

"      Ash, 
II        II 

"      HoUy, 
Mahogany, 
Black  Walnut, 
Cherry, 
Yellow  Pine, 
Red  Oak, 
White  Oak, 


No.  1, 
2, 
3, 
4, 
24, 

10, 
13, 
16, 
16, 

19, 
20, 
21, 
22, 
23. 
26, 
26, 


Length. 


1836-     ni 

1838-4 

1838-76 

1836-72 

1660* 

1838-67 

1834-0 

1142-37 

1842-6 

1841-9 

1836-6 

1838-26 

1378-6 

13491 

1378-63 

16601 

1062-46 

1494-7 

1494-6 


Bp.Gr. 

Temp. 

Velocity. 

0-432 

21-5  0. 

3797-2  M. 

-482 

20-9 

4073-89 

-466 

28-4 

3864-79 

-417 



4161-66 

•478 

18-8 

3916-47 

•476 

22-4 

4927-30 

-443 

19-8 

5201-22 

•478 

18-0 

4660-60 

-490 

20-0 

4713-36 

•432 

200 

4622-46 

•544 

27-0 

4282-46 

•641 

27-3 

4261-61 

•662 

21-2 

3667-41 

•640 

200 

4136^26 

-618 

191 

4780-72 

•693 

18-0 

4409-64 

•664 

20-2 

4274-48 

•660 

260 

4179-80 

•776 

26-0 

4316-60 

Probable 
Error. 

3-56  M. 

9-99 

600 

6-62 

6-89 

7-43 

8-73 

3-90 

6-63 

7-61 

6-52 

6-88 

496 

5^39 

6-60 

649 

6-60 

6-34 

4-87 


There  were,  however,  certain  difficulties  to  contend  with 
which  will  now  be  briefly  mentioned.  I  had  not  long  been 
engaged  upon  this  work,  when  I  discovered  a  tendency  to  ver- 
tical transverse  vibration  in  some  of  the  rods,  thus  carrying  the 
pointer  off  the  plate.  To  meet  tliis  difficulty  a  kind  of  holder 
was  contrived  and  covered  with  felt  which,  while  only  touch- 
ing the  rod  lightly,  held  it  in  position.  This  damper  was 
placed  in  various  positions  along  the  rod,  and  the  correspond- 
ing rates  of  vibration  measured.  These  values  were  tabulated 
for  the  several  positions  shown  in  fig.  2,  which  were  as  follows : 
E,  as  near  the  end  as  possible :  D,  400n»»»  from  E ;  C,  700«» 
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from  E ;  B,  as  near  the  center  as  the  clamp  would  allow.  The 
resulting  values  given  in  the  following  table  are  averages  of 
fifteen  observations. 

Tablb  V. 
Showing  the  effect  of  the  Damper, 


Boda. 

DMuper  at  end. 

AID. 

Ate. 

AtB. 

No.    1, 

3798-9 IC 

3777-1  M. 

3787-9  ic 

3786-4  M. 

"     2, 

4063-7 

4078-6 

4062-7 

4067-9 

"     3, 

3883-1 

38720 

3869-1 

3866-0 

"     6, 

4876-8 

4896-7 

4840-7 

4866-7 

"     T, 

6226-9 

62060 

6208-2 

6213*7 

"    1.3, 

4611-4 

4517-6 

4660-1 

»*    16, 

4272-4 

4244-4 

4266-6 

4269-3 

"   17, 

42691 

4248-0 

42660 

4265-7 

The  results  given  in  tables  2,  S  and  4  were  obtained  without 
the  use  of  the  damper. 

It  may  be  worth  while  to  mention  that  some  of  the  rods 
while  vibrating  longitudinally  were  capable  of  generating  two 
notes,  diflTering  from  each  other  by  about  a  terz.  These  seemed 
to  depend  either  upon  some  inherent  condition  of  the  wood  or 
perhaps  upon  the  relation  between  the  two  thicknesses  and  the 
length  of  the  rod.  A  little  practice  is  requisite  for  bringing 
out  the  lower  note  with  suflBcient  power  to  cause  it  to  be  recog- 
nized and  registered ;  it  also  required  the  exertion  of  a  greater 
force  for  its  production  and  always  preceded  the  high  note.  I 
also  found  tnat  the  damper  aflFected  the  high  and  low  notes 
correspondingly.  The  velocities  corresponding  to*  the  high 
note  have  already  been  given  in  tables  3,  4  and  5,  while  in 
table  VI  are  the  velocities  deduced  from  the  employment  of 
the  low  note  with  rods  2  and  8  the  damper  being  used. 

Tablb  VI. 


Bods. 

DunperatB. 

AtO. 

Ate. 

AtB. 

No  2, 
No.  3, 

3637-6  M. 
3643-87 

3663-2  M. 
3696-42 

3663-6 IC 
3677-12 

3704-7  M. 
3679-6 

Subsequent  investigation  led  me  to  the  supposition  of  the 
coexistence  of  transverse  and  longitudinal  vibrations;  the 
higher  note  being  the  normal  note  produced  by  longitudinal 
vibrations,  the  lower  note  being  due  to  transverse  motion. 

In  order  to  test  this  matter,  the  glass  plate  was  caused  by 
the  falling  weight  to  move  in  the  direction  of  the  length  of  the 
rod,  and  it  was  found  in  point  of  fact,  possible  in  this  manner 
to  raster  its  transverse  vibration.  The  number  of  transverse 
vibrations  obtained  for  the  high  note  were  very  nearly  equal 
t<>  the  number  of  the  longitudinal  vibrations.  The  same  rela- 
tion existed  between  the  transverse  and  longitudinal  vibrations 
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producing  the  low  note.     This  is  evident  from  the  table  given 
oelow: 

Tablb  VII. 
Number  of  longitudinal  and  transverse  mbraUons  corresponding  to  (he  high  note. 


Rods 

Number  of  longltudliua 
TlbratioDB  in  a  second  —  N. 

Nnmber  of  traniTerte  vlbra- 
tlons  In  ft  teoond— N'. 

Difference. 

No.    2, 
"    13, 
"    19, 
"    20, 
"    21, 
"    22, 

1107-97 
1227-21 
1326-59 
1532-60 
1733-89 
1413-26 

1068-29 
124605 
1333-75 

1717-43 
1.391-80 

38-68 

18-84 

7-16 

iV-ie 

11-46 

Tablb  VIII. 
Nwnber  of  longitudinal  and  transverse  vibrations  corresponding  to  the  low  note. 


Kod. 

No. 

2, 

ti 

13, 

II 

19, 

II 

20, 

11 

21, 

11 

22, 

Longitudinal— n. 


1009-29 
998-58 
1167-62 
1204-31 
1332-04 
1115-66 


Transyeree— n'. 


978-58 

976-14 

1162-64 

12lV-7i 
1119-24 


Differttioe. 


30^71 

22-44 

5-08 

120-33 
3-58 


The  only  difference  in  the  appearance  of  the  longitudinal 
and  transverse  tracings  of  either  of  the  notes  was  in  their 
amplitudes.  The  high  note  possessed  a  larger  amplitude  in 
longitudinal  vibration,  the  low  note  in  transversa  If  now  we 
compare  Tables  VII  and  VIII,  we  find  no  harmonic  interval 
embraced  in  the  ratios  between  N  and  n,  or  N'  and  n',  as  is 
shown  below ;  they  however,  in  some  cases  approximate  to  a 
terz.     Terz  =  4:8. 

Tablb  EL 


Rod. 

Rfttlo^. 

BftUo  ^, 

No.    2, 

1  :  0-9109 

1:0-9161 

secund  =  -888. 

"    13, 

0-8137 

0-7834 

terz  =  -8. 

"    19, 

0-8802 

0-8701 

secund  =  -888. 

*'    20, 

0-7868 

"    21, 

0-7682 

0-7055 

quart  =  -75. 

"    22, 

0-7894 

0-8041 

terz -8. 

From  the  above  experiments,  we  conclude;  (1)  That  it  is 
possible  to  measure  the  velocity  of  sound  in  rods  with  consid- 
erable accuracy  by  the  graphic  method ;  (2.)  Kundt's  method 
gives  results  which  are  slightly  higher  than  those  by  the 
graphic  method;  (8.)  The  graphic  method  demonstrates  the 
existence  of  transverse  along  with  longitudinal  vibration  and 
gives  their  ratios. 

Columbia  College,  Oct  25th,  1877. 
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Art.  XVI. —  The  Relation  of  Secular  Rock-disintegration  to  Lcessj 
Glacial  Drift  and  Rock  Basins  ;*  by  Raphael  Pumpelly. 

The  recent  volume  of  Baron  Richthofen^s  great  work  on 
China  and  Central  Asia,  is,  to  a  considerable  extent,  occupied 
with  a  description  of  the  great  loess  formation  and  of  the  pro- 
cesses to  whion  it  owes  its  origin. 

This  remarkable  formation  covers  several  hundred  thousand 
square  miles  in  northern  China,  and  larger  areas  in  the  rest  of 
Ajsia.  It  forms  the  soil  also  over  an  immense  area  in  the 
w^tern  United  States.  Its  thickness  varies,  in  China  up  to 
2000  feet,  and  to  150  and  200  feet  in  Europe  and  America. 

Loess  is  a  calcareous  loam.  It  is  easily  crushed  in  the  hand 
to  an  almost  impalpable  powder,  and  yet  its  consistency  is 
such  that  it  will  support  itself  for  manv  years  in  vertical  cliflfe 
200  feet  high.  A  close  examination  shows  that  it  is  filled  with 
tubular  pores  branching  downward  like  ix)otlets,  and  that  these 
tubes  are  lined  with  carbonate  of  lima  It  is  to  these  that  it 
owes  its  consistency  and  its  vertical  internal  structure.  It  is 
wholly  unstratified,  and  often  where  erosion  has  cut  into  it, 
whether  one  foot  or  one  hundred  yards,  the  walls  are  absolutely 
vertical  Its  vertical  internal  structure  causes  it  to  break  off 
in  any  vertical  plane  but  in  no  other.  Hence  when  a  cliff  is 
undermined  the  loess  breaks  off  in  immense  vertical  plates  leav- 
ing a^in  a  perpendicular  walL 

It  IS  divided  into  beds  varying  in  thickness  from  one  foot  to 
two  or  three  hundred  which  thin  out  to  nothing  at  the  borders 
and  are  separated  by  parting  planes.  These  planes  are  marked 
by  angular  debris  near  the  mountains,  and  by  elongated 
upright  calcareous  concretions  elsewhere. 

This  remarkable  combination  of  softness  with  great  strength 
and  stability  of  exposed  surfaces  is  of  inestimable  value  in 
a  woodless  country.  In  Asia  thousands  of  villages  are  ex- 
cavated in  the  most  systematic  manner  at  the  base  of  cliffs  of 
loess.  Doors  and  windows  pierced  through  the  natural  front 
give  light  and  air  to  suites  of  rooms  which  are  separated  by 
natural  walls,  and  plastered  with  a  cement  made  from  the  loess 
concretions.  These  are  the  comfortable  dwellings  of  many 
millions  of  Chinese  farmers,  and  correspond  to  the  ruder  **  dug- 
outs" of  Nebraska. 

To  the  same  qualities  is  due  the  fact  that  the  loess  districts 
of  China  are  exceedingly  fertile  plains,  in  each  of  which  a 
rapidly  progressing  erosion  has  excavated  the  most  labyrinthine 
valley  systems,  in  which  all  the  members,  down  to  the  smallest 
tributaries,  are  sunk  with  vertical  walls  to  depths  of  from  one 
*  Bead  before  the  National  Academy  of  Science,  April  10th,  1878. 
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hundred  to  several  hundred  feet  Even  the  wagon  roads 
become,  in  time,  depressed  to  a  depth  of  fifty  feet  and  more  by 
the  removal  of  the  dust  by  wind. 

There  is  one  more  peculiarity  of  the  loess — ^it  not  only  is 
wholly  unstratified,  but  it  contains  the  remains  of  only  land 
animals,  and  especially  of  land  snails.  Alexander  Braun  ex- 
amined 211,968  specimens  of  shells  from  the  loess  of  the  Rhine 
between  Basel  and  Bonn,  and  found  that  all  were  land  snails 
except  only  thirty-three  individuals,  consisting  of  Limncea 
Planorbis  and  Vilrina,  which  came  from  three  isolated  points  in 
the  valley  of  the  Rhine  and  Neckar. 

The  loess,  first  well  known  in  the  valley  of  the  Rhine  and  in 
France,  was  recognized  later  in  other  parts  of  Europe  and  in 
the  Mississippi  Valley.  It  was  always  looked  upon  as  a  sub- 
aqueous formation.  Fourteen  years  ago  I  observed  and  after- 
ward described  some  of  the  great  loess-basins  along  the  bound- 
aries between  China  and  Central  Asia.  I  was  lead  to  the  con- 
clusion, chiefly  from  topographical  reasons,  that  the  loess  of 
these  valleys  had  been  deposited  in  a  series  of  great  lakes; 
and  subsequent  observers  took  the  same  view.  But  Richth- 
ofen,  extending  his  fruitful  joumeyings  over  a  wide  area,  found 
the  loess  occupying  the  loftiest  passes  of  northeastern  China, 
over  8,000  feet  above  the  sea,  ana  he  proves,  in  the  most  con- 
clusive manner,  that  an  aqueous  origin  is  impossible.  For  the 
former  theories  of  loess  formation  which  required  inconceivable 
conditions  and  are  full  of  contradictions,  Richthofen  substitutes 
an  exceedingly  simple  and  thoroughly  consistent  explanation. 
I  hope  I  may  be  excused  for  giving  it  in  brief  terms: 

Whenever,  from  any  cause,  the  winds  blowing  toward  an 
interior  portion  of  a  continent  are  drained  of  their  moisture  on 
the  way,  as  by  the  elevation  in  their  path  of  lofty  condensing 
mountains,  the  region  thus  deprived  of  its  rain-bringing  clouds 
soon  has  its  evaporation  in  excess  of  its  rainfall.  Its  streams 
dry  up;  its  soluble  and  insoluble  products  of  disintegration 
are  no  longer  carried  to  the  ocean ;  the  region  becomes  what 
Richthofen  calls  a  central  area,  in  contrast  to  peripheral  regions 
which  are  drained  directly  into  the  ocean.  Tne  destruction  of 
the  vegetation  lays  bare  the  surface,  and  the  products  of  dis- 
integration are  blown  and  sorted  by  the  wind  and  washed  by 
the  occasional  rains  from  the  hills  down  into  the  valleys.  This 
material  is  very  nutritive  and  supports  the  grass  of  the  steppes ; 
the  dust  left  by  the  winds  and  the  hill-wash  are  arresten  by 
the  grass  which  they  gradually  bury  while  forming  the  soil  for 
new  growths.  In  this  way,  portions  of  the  country  become 
buried  in  their  own  and  their  neighbor's  debris.  Great  thick- 
nesses thus  gradually  accumulate  undergoing  a  transformation 
into  loess  by  the  rootlets  and  stems  of  the  vegetation.     I  will 
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remark  here  that  Richthofen  has  made  known  the  fact  that  the 
loess  is  the  most  fertile  of  soils,  and  that  the  grain-regions  of 
northern  China  which  have  been  continuously  cultivated  for 
more  than  4,000  years  require  practically  no  manure  but  that 
they  are  self-fertilizing.  This  he  ascribes  partly  to  the  porosity 
of  the  material  which  causes  it  to  absorb  carbonic  acid  and 
ammonia  in  large  amounts  from  the  air ;  but  more  especially  to 
the  elevation  of  nutritive  salts  in  the  capillary  tubes  by  diffu- 
sion whenever  a  rain  establishes  a  moist  communication  between 
the  surface  and  the  saline  water  below  the  drainage  level. 

Thus,  whenever  climatal  changes  have  restored  more  or  less 
moisture  to  the  atmosphere  of  a  loess  district,  we  have  in  it  the 
utmost  fertility.  The  cold  and  elevated  regions  of  northern 
China  are  the  granary  of  the  empire — and  the  seat  of  the  pres- 
ent great  famine. 

Attention  has  been  recently  called  by  the  German  geologists 
to  the  great  fertility  of  the  European  loess,  and  Professor  Hay- 
den  has  emphasized  the  fact  that  the  abundant  productiveness 
of  much  of  tne  West  is  due  to  the  same  soil. 

Becognissing  from  personal  observation  the  full  identity  of 
character  of  the  loess  of  northern  China,  Europe  and  the  Mis- 
souri Valley,  I  am  obliged  to  reject  my  own  explanation  of  the 
origin  of  the  Chinese  deposits,  and  to  believe  with  Richthofen 
that  the  true  loess,  wherever  it  occurs,  is  a  sub-aerial  dejKisit, 
formed  in  a  dry  central  region,  and  that  it  owes  its  structure  to 
the  formative  influence  of  a  steppe  vegetation. 

The  one  weak  point  of  Richthofen's  theory  is  in  the  evident 
inadequacy  of  the  current  disintegration  as  a  source  of  material 
When  we  consider  the  immense  area  covered  by  loess  to 
depths  varying  from  50  to  2,000  feet,  and  the  fact  that  this  is 
only  the  very  finest  portion  of  the  product  of  rock-destruction, 
and  again  that  the  accumulation  represents  only  a  very  short 
period  of  time,  geologically  speaking,  surely  we  must  seek  a 
more  fertile  source  of  supply  tlian  is  furnished  by  the  current 
decomposition  of  rock  surface. 

It  seems  to  me  that  there  are  two  important  sources:  L  The 
silt  brought  by  rivers,  many  of  them  fed  by  the  products  of 
glacial  attrition  flowing  from  the  mountains  into  the  central 
region.  Where  the  streams  sink  away,  or  where  the  lakes 
which  receive  them  have  dried  up,  the  finer  products  of  the 
erosion  of  a  large  territory  are  left  to  be  removed  in  dust 
storms. 

IL  The  second,  and  I  believe,  the  more  important  source  is 
in  the  residuary  products  of  a  secular  disintegration  which  we 
will  now  consider. 

In  all  regions  .where  the  soil  is  protected  by  a  luxuriant  vege- 
tation the  greater  part  of  the  insoluble  products  of  disintegra- 
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tion  remains  in  situ.  Considerable  portions  of  the  continents 
have  remained  above  water  during  long  geological  periods. 
Where  this  has  been  the  case,  and  where  the  region  thus 
exposed  enjoyed  a  peripheral  climate  with  a  protecting  vegeta- 
tion and  abundant  generation  of  carbonic  acid,  the  feldspatbic 
rocks  have  been  profoundly  affected ;  granite  and  gneisses 
being  decomposed  often  to  the  depth  of  several  hundred  feet 
In  regions  underlaid  by  impure  limestones  of  great  thickness, 
a  long  continued  existence  as  dry  land  results  in  the  removal 
of  the  lime  carbonate  and  the  formation  of  a  residuary  accumu- 
lation of  the  insoluble  impurities.  Thus  in  Missouri,  in  the 
Ozark  Mountains,  the  secular  dissolving  away  of  the  limestones 
which  contained  from  two  per  cent  to  nine  per  cent  of  insolu- 
ble silica  and  clay  has  left  such  residuary  deposits  20  to  120 
feet  thick. 

The  decay  of  a  rock  mass  progresses  from  the  joints  and 
cracks,  by  which  the  mass  is  divided  into  polygonal  blocks,  and 
the  rate  of  this  progress  varies,  in  different  rocks,  with  the 
nature  of  the  mineral  constituents  and  the  physical  condition 
of  structure,  texture,  mineral  combination,  etc. 

In  granular  rocks,  as  granites,  syenytes,  gneisses,  granulytcs, 
diorytes,  etc.,  the  product  is  an  argillaceous  sand  or  a  sandy 
clay;  porphyries,  oasaltic,  trachytic  rocks,  generally  produce 
ferruginous  clays;  impure  limestones  and  dolomites  undergo 
the  greatest  shrinkage  of  volume,  leaving  masses  of  sandy  clay 
with  chert  separating  the  broken  up  representatives  of  such 
layers  of  shales  and  sandstones  as  were  interstratified  with  them. 
Calcareous  sandstones  and  shales  also  leave  sands  and  claya 

The  decay  may  extend  to  great  depths  before  it  reaches  the 
cores  of  the  larger  polygonal  blocks.  Where  this  is  the  case, 
the  disintegrated  mass  consists  of  the  rounded  cores  of  the 
blofks  surrounded  by  the  decomposition  product  of  the  rest 
of  the  mas& 

Other  things  being  equal,  the  granular  rocks  of  a  region  will 
be  nearly  or  quite  reduced  to  a  loose  mass  when  the  compact 
rocks  like  porphyries  and  basalts  have  still  a  large  proportion 
of  their  mass  represented  by  the  rounded  cores. 

Even  slate  rocks — especially  talcose,  chloritic,  hydro-mica 
and  sericite  slates — are  often  affected  to  considerable  depths. 

As  different  rocks  are  affected  in  very  different  degrees  by 
this  change,  it  happens  that  in  regions  underlaid  by  a  diversity 
of  rocks,  the  plane  marking  the  boundary  between  disinte- 

ffrated  rock  ana  still  hard  rock  must  be  an  exceedingly  irregu- 
ar  one. 

If  we  could  imagine  the  loose  altered  rock  removed  where 
this  process  has  been  active  in  depth,  the  surface  exposed 
would  present  a  remarkable  topography,  one  in   which   the 
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hardness  of  the  material  would  play  no  causative  part.  The 
prominent  features,  such  as  ridges  and  hills,  would  consist  of 
the  rocks  that  are  most  resistant  to  carbonic  acid,  as  for  instance, 
the  soft  claj  slates  and  mica  schists,  as  well  as  the  hard  quartz- 
vtes  and  sandstones.  The  action  of  frost  does  not  concern  us 
here,  for  it  is  comparatively  a  surface  phenomenon. 

The  depressions  would  represent  rocks  more  or  less  easily 
acted  upon  by  carbonic  acid,  water  and  free  oxygen,  and  to  a 
greater  or  less  extent,  all  rocks  carrying  a  feldspar  in  abundance. 
We  need  not  expect  to  find  here  inequalities  of  surface  of  the 
types  produced  by  erosion.  The  depressions,  instead  of  being 
valley  systems  caused  by  erosion  by  gravitating  material,  are 
necessarily,  to  a  great  extent,  closed  basins  produced  by  the 
downward  growth  of  the  rock  decay.  Deep  and  shallow  basins 
without  outlets  may  be  formed  by  the  decay  of  the  rock  occu- 
pying the  meshes  of  a  network  of  less  affected  dykes  or  veins : 
out  generally  they  owe  their  origin  to  the  unequal  distribution 
of  the  sources  of  dissolving  reagents  on  the  surface  above,  for 
instance,  swamps  and  lakes,  and  to  inequalities  in  the  character 
of  the  rock  itself.  On  the  other  hand,  dykes  more  easily 
affected  than  the  enclosing  rock,  and  fissures  causing  the  decay 
of  their  walls,  would  both  give  rise  to  remarkable  defiles. 
These  conditions  are  all  presented  in  the  most  striking  manner 
on  the  plateau  of  Central  Asia.^ 

*  The  importanoe  of  this  decay  in  depth  under  protection  from  erosion  seems  to 
have  wholly  escaped  the  attention  of  geologists  as  a  factor  of  general  significance. 
Eyen  the  more  remarkable  local  instances  are  rarely  mentioned  and  only  one  or 
two  have  found  references  in  text  books. 

Mr.  I)ar¥nn  states  that  the  numerous  travelers  in  Brazil  have  all  been  surprised 
at  the  depth  to  which  the  gneiss  and  other  granitic  rocks  as  weU  as  the  talcose 
slates  in  the  interior  have  been  decomposed. 

Near  Bio  every  mineral  except  the  quartz  has  been  completely  softened^  in 
some  places  to  depths  little  less  than  one  hundred  feet. — Darwin,  G^olog^cal 
Observations,  Part  III,  p.  143.     London,  1851. 

Professor  J.  D.  Whitney  explains  the  accumulation,  sometimes  thirty  feet  thick 
of  unstratified  red  day,  chert  and  galena  in  the  Wisconsin  lead  region,  by  suppos- 
ing it  to  be  the  residuum  left  by  the  gradual  dissolving  away  of  several  hundred 
feet  of  impure  limestone. — G^logy  of  Wisconsin,  vol.  i,  p.  121.    1853. 

I  have  since  observed  and  described  the  results  of  this  process  on  a  much  larger 
scale  among  the  dolomites  of  southern  Missouri. — Geological  survey  of  Missouri ; 
Iron  Ores  and  Ck>al  Fields,  p.  8.    1873. 

According  to  Dr.  Benza,  the  Neilgherry  Hills,  occupying  an  area  of  about  700 
square  miles  in  southern  Hindostan  are  of  granitic  and  homblendic  rock  and  are 
disintegrated  often  to  a  depth  of  forty  feet. — Leonhard  u.  Brown,  Neues  Jahrb. 
far  Min.  Geol.  u.  Petrofact.,  1838,  p.  713. 

The  memoirs  of  the  Geological  Survey  of  India  record  the  prevalence  of  this 
deep-seated  decay  in  the  crystalline  rocks  of  that  part  of  the  world. 

Dr.  T.  Sterry  Hunt  who  considers  this  decay  to  have  taken  place  in  Archaean 
time,  after  affirming  its  prevalence  and  depths  in  the  southeastern  States,  sees  in 
it  the  source  of  the  extensive  deposits  of  hydrated  iron  ores  that  occur  along  the 
base  of  the  Blue  Ridge.  He  also  ascribes  its  removal  in  the  northern  country 
to  the  action  of  long-continued  erosion  and  the  final  washing  away  by  water  and 
ice  during  the  Glacial  epoch.— Proceedings  Best.  Soc.  of  Nat.  Hist.,  vol.  xvi,  Oct. 
15th,  1873. 
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As  soon  as  we  pass  the  limits  of  glaciation  we  find  in  south- 
ern Pennsylvania,  Maryland  and  Virginia  the  crystalline  rocks 
profoundly  aflFected,  especially  the  feidspathic  kinds,  but  the 
decay  extends  also,  with  differences  in  kind  and  degree  to  the 
various  slates.     It  may  be  well  seen  in  the  railway  cuttings  in 

fneiss  between  Philadelphia  and  Baltimore,  and  in  the  slates  of 
rederick  County,  Maryland. 

In  the  report  of  the  geological  survey  of  Missouri  presented 
in  April,  1873,  I  have  called  attention  to  the  extent  of  this 
decomposition  in  the  granites,  porphyries,  and  limestones  of 
Missouri,  and  to  the  great  economic  importance  of  its  resulting 
accumulations  which  I  have  called  residuary  deposits  in  con- 
nection with  the  iron,  lead  and  zinc  ores. 

In  October  of  the  same  year.  Dr.  T.  Sterry  Hunt  described 
the  prevalence  of  this  same  decay  throughout  the  southeastern 
States,  often  to  a  depth  of  one  hundred  feet  or  more,  consider- 
ing it  to  date  from  a  very  early  geological  time. 

Over  a  large  part  of  Europe  and  America  this  accumulation 
has  been  removed  by  glacial  action.  We  may  assume  that 
during  the  gradual  approach  of  the  glacial  epoch  the  ground  in 
the  northern  half  of  the  northern  temperate  zone,  as  the  mean 
annual  temperature  fell  below  the  freezing  point,  became  per- 
petuallv  frozen  and  when  covered  by  the  glacial  ice,  the  thick- 
ness 01  the  glacier  instead  of  being  measured  from  the  upper 
surface  down  to  the  former  soil  should  be  measured  down  to 
the  bottom  of  the  residuary  mass  of  disintegrated  rock.  It 
seems  to  me  that  only  on  this  supposition  can  we  explain  the 
enormous  amount  of  the  ground  moraine  that  covers  our  north- 
ern country,  and  the  predominance  in  it  of  the  debris  of  local 
rocks.  The  whole  of  this  loose  material  must  have  participated 
in  the  movement  of  the  ice,  though  far  more  slowly  than  the 
overlying  and  more  nearly  pure  ice.  Thus  at  any  given  point, 
the  material  on  and  near  the  surface  would  represent  localities 
considerably  farther  northward  than  that  at  the  bottom.  We 
can  only  thus  account  for  the  disappearance  of  the  vast  amount 
of  residuary  disintegrated  material  that  must  have  existed  over 
the  surface  of  the  Archaean  feidspathic  rocks  of  eastern  British 
America.  But  in  Northern  Asia,  north  of  the  40th  degree  of 
latitude  there  are  no  traces  of  a  general  glacial  action  such  as 
existed  in  Northeastern  America  and  Northern  Europe.     The 

Aooording  to  a  verbal  oommunication  of  Professor  W.  6.  Rogers,  this  deep- 
reaching  decay  is  general  throughout  the  schists  of  the  Southeastern  States, 
where  its  depth  often  exceeds  two  hundred  feet 

Mr.  Alexander  Agassiz  and  Mr.  Thomas  MacFarlane  have  both  informed  me 
that,  at  least  the  granitic  rocks  of  the  Andes  are  similarly  affected. 

Since  this  paper  was  written,  I  have  had  occasion  to  observe  the  immense 
extent  of  the  disintegration  in  place  that  exists  in  the  slates,  dioritee  and  sjenitic 
granites  of  the  foot-hills  of  the  Sierra  Nevada  in  Califomia. 
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evidence  indeed  is  all  the  other  way.  And  yet,  while  the  rocks 
of  Southern  Asia  show  extensive  residua  of  disintegration,  the 
results  of  a  secular  decomposition  protected  from  erosion  by  an 
abundant  v^etation,  the  feldspathic  rocks  of  Northern  China 
and  of  Central  Asia  are  as  free  from  this  as  are  those  of  north- 
eastern America, 

The  only  answer  to  the  question,  what  has  become  of  them? 
is,  that  they  have  been  blown  and  sifted  and  assorted  by  the 
winds,  the  heavier  fragments  remaining  to  be  reduced  by  weath- 
ering and  to  form  the  stony  steppes,  the  sand  drifting  in  bil- 
lowy waves  over  the  country,  and  forming  sand-deserts,  while 
the  fine  dust  floating  in  the  air,  an  impalpable  powder  is  depos- 
ited far  and  near,  and,  under  the  influence  and  protection  of 
the  steppe  grasses,  is  transformed  into  the  loess.* 

It  is  not  many  years  since  the  glacial  "  till"  was  recognized 
as  an  extensive  formation.  The  great  development  of  the  loess 
has  only  just  been  demonstrated  by  the  observations  and  gen- 
eralizations of  Baron  Richthofen.  The  importance  of  each  of 
these  deposits  seems  to  me  to  necessitate  u  recognition  of  the 
importance  of  the  great  residuary  deposits  as  the  source  of  both 
the  others. 

We  have  here  suggestions  that  bear  on  many  and  varied  geo- 
logical problems,  some  of  these  which  now  occur  to  me  I  may 
be  permitted  to  mention. 

There  are  few  problems  in  dynamical  geology  that  have  been 
considered  more  difficult  to  solve  than  the  origin  of  rock-basins. 
Wherever  my  route  between  the  great  wall  of  China  and  the 
Siberian  frontier  lav  through  a  region  of  crystalline  rocks,  I 
found  that  one  of  the  characteristic  features  of  the  su]*face  was 
the  prevalence  of  basin-shaped  depressions  of  all  sizes  hollowed 

*  No  one  can  realize  the  capacity  of  wind  as  a  transporter  of  fine  material,  who 
has  not  lived  through  at  least  one  great  storm  on  a  desert.  In  such  a  simoon  the 
atmosphere  is  filled  with  a  driving  mass  of  dust  and  sand  which  hides  the  coun- 
try under  a  mantle  of  impenetrable  darkness,  and  penetrates  every  fabric ;  it  often 
destroys  life  by  suffocation,  and  leaves  in  places  a  deposit  several  feet  deep. 

The  prevailing  westerly  wind  carrying  sand,  carves  and  polishes  the  rocky  crest 
of  the  Sierra  Nevadas,  and,  as  Mr.  King  tells  me,  has  formed  long  wind-stream 
deltas,  if  I  may  coin  tiie  term,  in  the  form  of  lofty  sand  ranges  stretching,  from 
each  pass  eastward,  far  out  on  the  desert 

The  often-cited  instances  of  far-driven  volcanic  ashes  show  the  ability  of  the 
wind  to  carry  comparatively  coarse  dust  through  distances  of  several  hundred 
miles,  but  it  does  not  f*eem  improbable  that  the  finer  particles  may  remain  sus- 
pended while  the  wind  makes  a  complete  circuit  of  the  globe.  I  witnessed  on 
March  Slst  and  April  Ist,  in  1863,  a  dust  fog  at  Nagasaki,  which  lasted  two  days, 
and  left  only  a  just  perceptible  film  of  dust,  observable  only  on  the  white  newly- 
painted  deck  of  a  yacht.  A  similar  fog  occurred  simultaneously  at  Shanghae, 
and  both  were  cotemporaneous  with  a  terrific  dust  storm  which  during  two  days 
shrouded  the  country  about  Tientsin  in  deep  darkness. 

I  am  indebted  again  to  Mr.  Clarence  King,  for  the  statement  that  dust  fogs 
occur  on  the  coast  of  California  with  the  prevailing  west  wind ;  and  this  may  be 
as  he  suggests,  the  finest  residuum  of  the  loess  dust  of  an  Asiatic  dust  storm. 
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out  of  the  rock.*  In  other  words,  if  filled  with  water  they 
would  have  been  lakes  without  outlets  and  with  unbroken 
sides  of  rock.  In  some  exceptional  instances  it  was  clear  that 
systems  of  intersecting  dykes  had  been  less  acted  upon  by  the 
basin-making  process  than  the  intervening  rocks,  and  the 
basins  were  formed  in  these  last 

The  rock  basins  of  Scotland  have  been  graphically  described 
by  Geikie,  and  while  a  great  many  of  the  countless  lakes  and 
lakelets  in  the  region  of  the  crystalline  rocks  of  North  Amer- 
ica and  Northern  Europe  are  valleys  of  erosion  with  dams  of 
glacial  moraine  material,  vast  numbers  of  them  undoubtedly 
till  rock-basins.  An  ingenious  explanation  of  the  formation  of 
these  rock-bound  depressions  given  by  Ramsay  and  accepted 
by  Geikie  as  the  only  reasonable  hypothesis,  is  that  the  rock- 
basins  of  the  loch  and  fiord  kinds  are  due  to  unequal  sculp- 
turing by  glaciers. 

He  says  that  where  the  bed  of  a  glacier  diminishes  its  angle 
of  slope,  the  vertical  pressure  of  the  ice  on  its  bed  becomes 
greater,  both  owing  to  the  lessened  inclination  and  to  the 
increased  thickness  of  the  ice,  while  farther  down  the  incline 
the  widening  of  the  valley  causes  the  ice  to  spread  and  conse- 
quently to  diminish  its  thickness  and  pressure ;  the  result  being 
a  rock-basin  dammed  by  a  rock-bar. 

While  this  may  be  admitted,  with  some  reservations,  as  a 
satisfactory  explanation  for  many  fiords  and  lochs  cut  in  the 
declivities  of  a  mountain  ran^e  or  of  a  steep  coast,  it  is  useless 
in  regard  to  the  lake-basins  of  flat  countries,  like  Finland  and 
British  America.  Geikie  endeavors  to  use  this  hypothesis  to 
explain  also  the  rock-basins  observed  by  me  in  Central  Asia;t 
but  it  is  still  more  useless  here  ad  an  explanation,  because  there 
are  absolutely  no  traces  of  glaciation  in  Central  Asia,  outside 
of  the  high  mountain  chains.  These  Asiatic  depressions  are 
rough  and  ragged,  and  the  debris  contained  in  them  consists  of 
ragged  angular  fragments  of  the  local  rocks,  while  the  glaciated 
basms  of  America  and  Europe  are  smoothed  and  polished,  and 
the  debris  they  contain  consists  of  the  roundea  and  scored 
material  of  the  drift 

The  basins  of  Asia  were  emptied  by  wind,  and  those  of 
Northern  Europe  and  America  were  emptied  by  ice,  but  the 
wind  and  the  ice  were  only  immediate  agents  employed  in  rap- 
idly emptying  basins  which  had  been  long  forming  by  a  pro- 
cess common  to  both — the  secular  decay  of  the  rock,  t  would 
thus  seek  the  real  cause,  not  in  the  unequal  nature  and  action 
of  the  instrument,  but  in  the  unequal  physical  condition  of  the 

*  Pumpelly,  Geological  Beaearches  in  China,  Mongolia  and  Japan,  pages  t2,  73, 
26,  Smithsonian  Inst,  1866. 
f  Oeikie— Great  loe  Age,  pages  351-352,  D.  Appleton  ft  Co.,  1876. 
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material  operated  on.  It  is  evideDt,  I  think,  that  we  have  in 
these  residua  an  adequate  soarce  of  material  for  the  glacial  drift 
and  for  the  loess,  altnough  other  sources  have  probably  con- 
tributed in  some  regions  to  the  formation  of  the  latter,  as  for 
instance,  rivers  which,  fed  by  silt-loaded  glacier-streams,  sink 
away  on  the  plains  of  the  central  area,  leaving  their  suspended 
material  to  dry  and  drift  on  the  surface. 

In  reply  to  some  questions  bearing  on  the  possible  sources  of 
the  loess  of  the  Missouri  valley,  Mr.  Clarence  King  kindly 
informs  me  that  during  the  Pliocene  the  entire  surface  of  the 
great  plains  was  covered  by  a  sheet  of  water  which  he  has 
called  Cheyenne  Lake.  Its  deposits,  known  as  the  Missouri 
Pliocene — 2,000  feet  thick  at  the  western  edge  along  the  Rocky 
Mountains — become  very  thin  at  the  eastern  margin  in  Kansas 
and  Nebraska.  Throughout  the  eastern  portion  at  all  points 
over  160  miles  east  of  the  mountains,  the  material  is  exceed- 
ingly fine — so  fine  that  Professor  Brewer  found  that  when 
shaken  with  water  in  a  test  tube  it  does  not  settle  after  stand- 
ing  a  yean  Furthermore,  Mr.  King  (anticipating  one  of  the 
generalizations  of  the  forthcoming  volume  of  his  reports),  says 
that  there  was  a  period  of  intense  dryness  affecting  the  whole 
region  of  the  great  basin,  and  at  least  a  portion  of  the  great 
plaina  During  this  period  there  were  exposed  to  wind-erosion, 
not  only  the  surface  of  the  plains,  but  the  entire  region  east 
and  west  of  the  mountains  that  had  been  subiected  to  the  Bad- 
land  erosion.  The  countless  cliffs  and  rounded  outlines  sculp- 
tured out  of  the  soft  Tertiary  clays  and  marls  which  form  the 
Bad-lands  were  particularly  susceptible  to  wind-erosion.  Finally, 
Mr.  Kin^  summarizes  his  answer  in  these  words:  ^^The  lacus- 
trine basins  of  the  plains  and  Rocky  Mountains  certainly  afford 
sufficient  fine  material,  the  period  of  desiccation  between  the 
two  floods  of  the  Quaternary  affords  the  necessary  dryness,  and 
the  prevalent  west  wind  would  account  for  the  transportation 
to  the  east" 

In  the  warmly  contested  question  as  to  the  capacity  of  con- 
tinental fflaciers  in  excavating  solid  rock,  the  great  extent  of 
the  "  till  and  of  the  modified  drift  have  been  adduced  as  an 
evidence  of  this  power.  It  seems  to  me  rather  that  the  abun- 
dance of  the  drift  material  may  be  equally  well  taken  as  in 
great  part  but  not  wholly  a  measure  of  the  effect  of  long-con- 
tinuea  and  undisturbed  disintegration  and  of  the  transporting 
power  of  ice,  and  that  a  period  of  ^laciation  may  be,  as  Ruti- 
meyer  insists,  a  period  of  comparative  rest  as  regards  excava- 
tion of  hard  rock. 

The  great  source  from  which  mountain  glaciers  derive  their 
moraines  is,  as  is  well  known,  in  the  incessant  rending  action 
of  cold — of  constantly  alternating  contraction  and  expansion — 
Am.  Joub.  Sci.— Thibd  Sbrikb,  Vol.  XVII,  No.  9a— Fbb.,  1870. 
10 
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OD  the  rocks  of  the  peaks  and  precipices  that  rise  above  the  ice. 
But  a  continental  glacier,  such  as  covered  Northeastern  Amer- 
ica, had  no  such  source  of  supply ;  for  all  the  mountains  were 
covered  with  ice  and  were  thus  protected  from  the  operation  of 
this  process. 

The  great  ice-sheet  removed  the  residuary  accumulation  of 
loose  material  down  to  the  solid  rock;  in  domg  this  the  loose 
material  was  ground  together,  producing  much  clay  and  sand ; 
and  besides  this,  the  glacier  grinding  with  this  material  under 
the  immense  weight  of  the  ice  on  the  solid  rock,  exerted  an 
abrading  and  polishing  action,  the  product  of  which  must  have 
been  wholly  very  fine  flour.  I  would  thus  measure  the  exca- 
vating action  of  the  continental  glacier  in  solid  rock  only  by  a 
small  portion  of  the  finest  part  of  the  glacial  debri&  For,  since 
all  the  bowlders  of  the  ground  moraine  have  been  abraded 
over  their  whole  sui-faces,  the  amounts  of  the  product  of  abra- 
sion from  the  loose  residuary  material  on  one  hand  and  from 
the  solid  rock  bottom  on  the  other  should  stand  to  each  other 
in  nearly  the  ratios  of  their  respective  surface  areas. 

Not  the  least  important  suggestion  is  the  influence  of  the 
causes  we  have  considered  on  the  succession  of  marine  strata. 
Great  areas  like  Southern  China  and  the  southeastern  Uni- 
ted States  have  remained  as  dry  land  from  the  Triassic  period 
till  now.  Throughout  this  long  lapse  of  time,  disintegration 
and  decomposition  have  been  at  work,  and  one  has  only  to  look 
at  the  excavations  in  Philadelphia  and  on  the  railroads  running 
south  from  there  to  get  some  idea  of  what  these  agencies  can 
accomplish.  But  the  abundant  vegetation  of  a  moist,  periphe- 
ral region  has  so  thoroughly  protected  the  residuary  massirom 
erosion  that  the  streams  run  clear,  carrying  to  the  ocean  only 
soluble  salts  and  the  comparatively  unimportant  products  of 
attrition.  There  are  three  methods  by  which  these  vast  stores 
of  slowly-prepared  detritus  can  become  available  to  form 
mechanical  sediments,  and  all  are  rapid,  in  this  sense,  viz:  that 
other  things  being  equal,  by  each  method,  the  ocean  receives 
in  a  given  time  an  enormously  greater  amount  of  sediment 
than  it  would  receive  had  there  oeen  no  such  accumulation 
ready  at  hand.  The  first  method  is  an  encroaching  sea-coast 
The  second  is  the  removal  of  the  residua  as  the  ground-moraine 
of  a  continental  glacier  to  furnish  the  ocean-border  with  enor- 
mous quantities  of  gravel,  sand  and  clay,  both  from  the  frontal 
moraine  and  through  the  immense  influx  of  debris  brought  by 
the  rivers,  at  first  from  the  melting  ice,  and,  for  a  long  time 
afterward,  from  the  accumulated  masses  of  gravel  and  sand 
brought  down  by  freshets.  The  third  method  is  through  the 
mediation  of  the  loess  formation.  Let  us  imagine  a  region  of 
granites,  gneisses  and  impure  limestones  that  has  long  been 
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dry  land,  and  has  been  covered  by  abundant  vegetation,  to  be 
tranrformed  into  a  dry,  central  area.  The  destruction  of  the 
protecting  plants  would  expose  to  the  fierce  winds  the  loose 
residua  of  long  periods  of  disintegration  of  the  rocks.  Under 
this  process  of  a  dry  separation  the  material  would  be  sorted, 
the  nnest  carried  to  great  distances,  would  find  resting  places 
only  where  under  the  protection  of  steppe  grasses  it  could  be 
fixed  and  transformed  into  loess.  The  coarsest  would  remain 
to  form  the  gravelly  steppes,  while  the  material  of  intermedi- 
ate grain,  chiefly  siliceous  sand,  not  capable  of  giving  suste- 
nance nor  of  being  fixed,  would  drift  in  dune-like  waves  before 
the  prevailing  winds,  transforming  everything  in  its  track  into 
desert  wastes. 

We  have  in  the  immense  loess  deposits  of  China,  often  more 
than  one  thousand  feet  thick,  and  in  those  of  Europe  and  west 
of  the  Mississippi,  which  are  often  measured  by  nundreds  of 
feet,  the  best  evidence  of  the  ability  of  the  loess-forming  pro- 
cess to  accumulate  vast  masses  of  fine  material  in  a  compara- 
tively short  time. 

Let  us  now  imagine  this  same  region  to  be  subjected  to  a 
reversal  of  this  process,  and  transformed  again  into  a  transition 
zone,  in  the  manner  so  strikingly  described  by  Bichthofen. 
As  the  rainfall  gradually  comes  to  balance  and  exceed  the 
evaporation,  the  streams  that  empty  into  the  ocean  push  their 
sources  farther  and  farther  back  into  the  loess  territory,  gradu- 
ally tapping  the  Salt  Lakes  and  taking  up  their  tributaries  until 
the  ocean  again  drains  the  continent 

This  is  the  period  of  the  turbid  waters.  The  rapid  ffrowA 
of  systems  of  drainage  and  erosion  in  a  loess  territory  nardly 
admits  of  description.  It  is  limited  only  by  the  amount  of 
rain-fall.  Coasts  which  during  geological  ages  have  received 
only  limpid  streams,  and  in  whose  waters  the  corals  and  lower 
organisms  have  worked  heretofore,  scarcely  disturbed  by  the 
products  of  wave-erosion,  are  now  continuously  deluged  with 
yellow  silt 

The  great  silt-loaded  rivers  of  the  world  are,  in  at  least  nearly 
all  instances,  streams  which  after  running  clear  water  for  long 
ages,  are  now  merely  temporarily  employed  in  making  a  rapid 
transfer  of  the  loess  which  is  itself  the  product  of  a  concentra- 
tion by  wind  of  the  products  of  a  slow  disintegration  which 
may  have  lasted  from  the  Carboniferous  period  to  the  Post  Ter- 
tiary. 

When  we  consider  not  only  the  enormous  volume  of  this  silt, 
but  also  the  fact  that  its  extreme  fineness  causes  it  to  be  car- 
ried over  great  areas  in  suspension  before  it  sinks,  we  can  con- 
ceive that  its  efi^ects  may  be  catastrophic  as  regards  the  less 
plastic  forms  of  life.     This  would  be  the  case  especially  where 
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the  range  of  a  fauna  peculiar  to  a  given  coast  is  more  limited 
than  the  area  aflfected  by  the  silt.  The  waters  of  the  China 
sea  for  one  hundred  miles  or  more  out  to  sea  are  yellow  at  the 
surface  with  loess-mud  along  six  hundred  miles  of  coast;  and 
when  we  consider  the  extreme  slowness  of  deposition  of  this 
fine  material,  we  cannot  doubt  that  below  the  surface  the  silt 
extends  eastward  to  the  Kurosiwa,  and  follows  the  lower  strata 
of  this  current  far  to  the  northeast 

This  rapid  transfer  will,  sooner  or  later,  bring  all  the  loess 
into  the  ocean,  and  thenceforth  the  waters  of  the  streams  and 
the  coast  will  be  clear,  or  alternately  clear  and  turbid,  in  pro- 
portion to  the  absence  or  frequence  of  oscillations  of  the  coast 
level. 

Environment  and  plasticity  have  been  described  as  interreg- 
nant  directing  forces  in  evolution.  It  is  during  this  period 
of  turbid  waters  that  the  influence  of  environment  and  jHastic- 
ity  must  be  the  most  important  &ctors  in  the  evolution  of  life- 
forms  ;  usurping,  for  a  greater  or  less  length  of  time,  the  posi- 
tion held  for  long  a^es  by  the  purely  biological  factors — survi- 
val of  the  fittest,  and  heredity. 

The  very  fine  marine  sediments  are  probably  for  the  greater 

Sart  the  rapidly  removed  products  of  long-continued,  protected 
isintegration  and  decom(x>sition.  If  this  be  so,  then  the  finer 
sand  and  clay  rocks  of  any  given  column  should  record  the 
extermination  of  all  forms  which,  no  matter  how  vigorous 
otherwise,  were  not  able  to  adapt  themselves  to  the  radical 
change  in  their  physical  surroundings ;  and  they  should  record 
also  the  operation  of  inorganic  environment  which  then  came 
in  to  break  rudely  the  chain  of  descent,  and  introduce,  during 
an  interr^num,  new  laws  of  development  under  which  grew 
up  new  forma 

In  the  removal  of  the  residuary  products  of  disintegration, 
glacial  action  and  wind  action  perform  parts  that  are  nearly 
complementary  to  each  other ;  for  the  removal  by  wind  pre- 
supposes a  central  continental  climate  in  which  the  dryness  nas 
temporarily  become  sufficiently  extreme  to  destroy  the  vegeta- 
tion, while  a  general  glacial  action  presupposes  a  very  moist 
climate. 
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Abt.  XVIL — A  method  of  Determining  the  Dip;  by  N.  D.  C. 

HoDGsa 

The  magnetic  polarity  of  a  bar  of  soft  iron  is  greatest  when 
the  bar  lies  in  the  line  of  the  dip.  This  position  of  maximum 
intensity  might  be  tested  for  by  a  small  needle  hung  near  one 
of  the  poles.  This  or  similar  ways  have  been  used.  The  objec- 
tions are  that  the  rate  of  change  in  the  polarity  is  small  as  the 
bar  approaches  the  position  sought,  and  the  testing  needle  takes 
a  less  and  less  sensitive  position,  since  the  farther  it  is  turned 
from  the  meridian  the  greater  becomes  the  movement  of  the 
force  of  the  earth  upon  it  tending  to  bring  it  back.  If,  instead 
of  one  bar,  two  bars  ioined  at  right  angles  at  a  point  near  their 
ends  be  used,  these  difficulties  may  be  avoided.  When  such  a 
compound  bar  is  placed  so  that  the  two  branches  make  equal 


angles  with  the  line  of  dip,  the  effect  on  one  of  them  is  to 
make  the  lower  end  a  north  pole  and  its  upper  end  a  south,  on 
the  other  the  lower  a  south  and  upper  a  north.  Supposing  the 
bars  exactly  similar,  the  two  poles  at  the  point  where  they  are 
joined,  will  neutralize  one  another ;  and  any  needle  suspended 
near  that  point  will  hang  in  the  meridian  unaffected  oy  the 
bars.  A  slight  turning  of  the  compound  bar  will  render  the 
field  in  which  the  needle  hangs  either  a  north  or  south,  and  it 
will  move  to  correspond.  To  eliminate  the  effect  of  any  per- 
manent magnetism  in  the  iron,  four  readings  may  be  taken ;  first 
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both  bars  above  the  line  of  dip,  then  both  below  or  in  a  position 
nearly  180^  from  the  first,  finally  moving  them  so  as  to  present 
the  other  side  to  the  needle  in  each  of  the  first  two  positions. 

The  firet  series  of  observations  were  made  to  see  how  con- 
stant the  readings  would  be  and  how  sensitive  the  method. 
They  were  all  taken  within  twenty-four  hours.  After  two  of 
them  the  testing  needle  was  changed  from  hanging  horizontally 
to  hanging  at  an  angle  of  45*^.  This  was  done  to  see  if  the 
poles  at  the  outer  ends  of  the  bars  had  any  influence.  If  the 
axis  of  the  testing  needle  made  equal  angles  with  the  two  bars, 
the  outer  poles  being  at  equal  distances  from  the  poles  of  the 
needle,  would  counteract  each  other  as  far  as  turning  the 
needla  The  results  were  constant  within  the  limits  of  observ- 
ation. The  separate  readings  differed  much  more  from  the 
mean  in  the  beginning.  The  bars  seemed  nearly  free  of  per- 
manent magnetism  finally. 
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The  second  series  shows  the  efi'ect  of  magnetizing  one  of  the 
bars.  The  first  three  were  taken  in  the  morning,  the  last  two 
in  the  afternoon,  after  the  magnetizing.  While  the  latter  were 
being  made,  the  magnetic  state  of  the  iron  was  rapidly  chang- 
ing, as  the  corresponding  readings  placed  opposite  one  another 
show,  and  rendered  any  accuracy  impossible. 
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The  third  series  gives  the  results  obtained  on  trying  to  remove 
the  m^netism  by  rapping  the  bars  with  a  hammer  after  each 
determination.  The  separate  readings  approached  the  value  of 
the  inclination.  The  averages  remained  constant  within  the 
limits  of  the  instrument 
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The  fourth  series  of  results  are  those  before  and  after  heat- 
ing the  bars  to  redness  for  three  or  four  hours. 
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The  instrument  used  was  constructed  to  test  the  principle  of 
the  method.  The  accompanying  cut  shows  quite  clearly  the 
different  parts.  The  views  are  of  the  front  and  back  of  tbe 
divided  circla  The  iron  bars  are  shown  in  the  position  to  the 
north  and  above  the  line  of  dip,  th^  initial  position  of  the  above 
description.  They  are  on  a  frame  which  turns  about  the  cen- 
ter of  the  circle,  and  from  which  they  can  be  easily  detached 
and  reversed.  The  other  plan  shows  the  testing  magnet  in  the 
^casing  at  the  middle  of  the  disk. 

No  particular  care  was  taken  to  have  the  plane  of  the  circle 
in  the  plane  of  the  magnetic  meridian.  As  a  self-registering 
apparatus,  the  instrument  seemed  faulty;  as  at  no  time  during 
the  experiment  did  the  magnetic  state  of  the  iron  remain  con- 
stant 

Physioal  Laboratory,  Harrard  Ck)llege,  Deo.  6, 1878. 


Art.  XVILL  —  On  a  Oroup  of  dissimilar  Eruptive  Rocks  in 
Campion^  New  Hampshire  ;  by  George  W.  Hawes. 

Among  other  results  of  the  petrographical  studies  made  by 
me  under  the  direction  of  the  iNew  Hampshire  State  Survey,^ 
I  have  shown  that  the  rocks  of  the  dikes,  abundantly  scattered 
through  the  White  Mountains,  are  very  diverse  in  composition 
and  in  mineral  constituents.  Independently  of  the  results  of 
decomposition,  which  has  in  many  cases  widened  original  dif- 
ferences, rocks  which  to  the  eye  appear  identical  are  often  found, 
on  microscopic  examination,  to  be  fundamentally  different ;  and 
tbe  rocks  of  closely  adjoining  dikes  not  infrequently  have  no- 
thing in  common  save  their  geological  position.  This  feature 
is  quite  striking,  especially  when  considered  in  connection  with 
the  uniform  character  of  the  eruptive  rocks  in  some  adjoining 
regions  To  illustrate  it  1  have  made  a  study  of  a  small  group 
of  dikes  in  Campton  where  this  diversity  is  very  well  exhibited. 
The  Livermore  Palls  are  in  Campton,  but  they  are  only  two 
*  Geology  of  New  Hampshire,  Hitchcock ;  Part  lY ;  Mineralogy  and  Lithologj. 
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miles  distant  from  tbe  larger  and  more  accessible  town  of  Ply- 
mouth. The  Pemigewassett  river  has  here  cat  a  gorge  through 
a  hill,  and  in  the  walls  of  this  gorge  the  eruptive  dikes  are  very 
conspicuoua  The  gorge  is  not  long,  ana  the  dik€»,  five  in 
number,  are  all  embraced  in  a  portion  of  it  which  is  little  more 
than  a  hundred  yards  in  length. 

Attention  was  called  to  these  dikes  in  1887,  by  Professor  O. 
P.  Hubbard  of  Dartmouth  College.*  His  description  of  them 
is  accompanied  by  a  picture  of  the  gorge,  which  shows  their 
forms  and  relative  position ;  but  as  the  rocks  could  only  be 
identified  by  microscopic  examination,  he  did  not  attempt  to 
classify  them. 

The  rock  through  which  the  dikes  intrude  is  mica  schist, 
which  presents  its  usual  diversities,  caused  by  variation  in  the 
proportion  of  the  essential  ingredients  and  the  presence  of  acces- 
soriea  The  strike  is  northeast  and  the  dip  is  variable.  These 
rocks  are  considered  to  be  as  old  as  the  Silurian,  and  Professor 
Hitchcock  regards  them  as  still  older. 

The  five  dikes  cut  the  schist  almost  at  right  angles ;  all  are 
nearly  vertical,  and  parallel  to  one  another.  A  bridge  has  been 
built  across  the  gorge  from  which  all  the  dikes  can  oe  seen  ex- 
cept the  one  directly  under  the  bridge.  Prom  their  position 
with  reference  U^  the  schists,  it  is  inferred  that  the  fractures  re- 
sulted from  the  action  of  the  same  forces  acting  in  the  same 
way.  Yet  among  these  five  dikes,  there  are  found  four  very 
well  distinguished  rock  species.  I  will  describe  these  rocks  in 
the  order  in  which  they  occur,  beginning  with  the  one  highest 
up  the  stream. 

Dike  No.  1,  is  seen  only  upon  the  left  of  the  stream.  It  is 
about  three  feet  wide;  the  rock  is  black  in  color,  compact  and 
apparently  nearly  homogeneous.  The  study  of  some  thin  sec- 
tions indicates  that  it  is  a,  diabase.  It  was  originally  a  mixture 
of  augite,  a  triclinic  feldspar  and  titanic  iron,  but  all  its  ingre- 
dients are  partially  altered.  The  augite  is  in  process  of 
alteration  into  hornblende;  some  of  its  grains  being  still  intact, 
some  being  partially  and  others  wholly  altered.  The  feldspar 
is  more  or  less  changed,  but  shows  its  polysynthetic  character 
throughout  The  titanic  iron  oxide  is  extensively  altered  into 
the  grayish  white  product  that  is  called  leucoxene.  Minute 
apatite  crystals  are  seen  in  the  section.  Calcite,  as  a  decompo- 
sition  product,  fills  cavities  that  are  apparently  made  by  the  re- 
moval of  some  other  mineral ;  these  cavities  are  also  often  par- 
tially filled  with  analcite,  which  has  a  cubic  cleavage  and  exerts 
a  very  feeble  action  upon  polarized  light.  The  analyses  of  all 
the  i-ocks  described  are  placed  together  on  a  subsequent  page. 

Dike  No.  2  is  eight  feet  wide.  The  rock  is  black  in  color, 
•  Am.  Jour.  Sci,,  I,  voL  miy,  p.  106. 
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and  is  composed  of  a  very  fine  almost  bomogeneous  ground- 
mass,  in  which  small  black  shining  crystals  are  porphyritically 
developed.  The  thin  sections  indicate  that  this  is  diorite.  It 
is  a  mixtare  of  hornblende,  a  triclinic  feldspar,  and  titanic  iron 
oxide.  The  large  crystals  are  of  hornblende;  it  is  here  an 
original  product,  and  has  not  resulted  from  the  alteration  of 

Syroxene,  as  in  the  last  case,  since  its  well-formed  crystals  are 
eveloped  in  the  common  hornblendic  forma  Many  of  them 
are  twm  crystals,  the  twinning  plane  being  as  usual  parallel  to 
the  orthopinacoid.  Both  the  large  porphyritic  crystals  and  the 
small  ones  in  the  ground-mass  are  fresh  and  unaltered.  The 
feldspar  is  in  part  fresh  and  in  part  somewhat  altered.  The 
basic  nature  of  this  rock,  as  of  the  last,  indicates  that  the  feld- 
spar is  a  variety  low  in  silica,  but  its  species  can  not  be  deter- 
mined by  optical  means.  The  iron  oxide  is  quite  abundant, 
and  in  part  well  crystallized.  Sometimes  a  large  opa(|ue 
hexagonal  section  is  met  with  which  is  probably  menaccanite. 
The  rock  contains  a  little  apatite.  Calcite,  some  zeolitic, 
mineral  of  an  undetermined  species  and  a  little  chlorite  exist 
as  decomposition  products. 

Dike  No.  8  is  ten  feet  wide,  and  is  filled  with  a  massive  rock 
fine  in  texture  and  white  or  grayish  in  color.  When  a  section 
cut  from  a  white  specimen  is  examined,  the  rock  is  seen  to  be 
composed  largely  of  small,  quite  well  defined  orthoclase  crystala 
The  meeting  of  these  forms  angular  comers,  that  are  for  the 
most  part  filled  with  lime  and  iron  carbonates  and  chlorite, 
thougn  some  are  filled  with  quartz.  In  sections  from  the 
darker  specimens  it  becomes  evident  that  the  aggregate  in  the 
angles  is  a  decomposition  product,  for  remnants  of  a  dichroic 
green  mineral,  which  is  probably  hornblende,  are  left  thera  It 
contains  in  addition  some  magnetite  and  some  specimens  show 
a  little  pyrite.  The  rock  is  a  very  fine  grained  syenite  similar 
to  those  which  occur  in  difibrent  parts  of  the  State. 

Dike  No.  4  is  about  a  hundrea  feet  from  No.  8  but  is  iden- 
tical with  it  in  all  respecta  Dike  No.  8  separates  into  two 
branches  in  the  middle  of  the  stream,  and  forms  two  dikes  in 
an  island  there  situated,  and  it  is  not  improbable  that  No.  4 
may  unite  with  it  at  some  point 

Dike  No.  5  is  about  seventy -five  feet  from  No.  4.  It  is  very 
narrow,  being  only  about  a  foot  wide,  but  it  has  several 
branches  as  wide  as  itself  which  unite  with  it  at  acute  anglea 
This  again  like  No.  2  is  composed  of  a  fine  grained  ground- 
mass  in  which  larger  crystals  are  developed,  but  when  the  sec- 
tions are  examined  it  is  found  to  be  an  olivine  diabase.  The 
porphyritic  crystals  are  in  part  perfectly  formed  augite  crystals, 
and  in  part  well  formed  olivine  crystals  which  are  mostly 
changed  to  serpentine.     The  finer  portion  of  the  rock  is  com- 
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posed  of  augite,  a  triclinic  feldspar,  titanic  iron  and  minute 
brown  dichroic  crystals  of  hornblende.  Some  small  amygda- 
loidal  cavities  were  observed  containing  sphsdrosiderite,  calcite 
and  analcite. 

In  these  five  closely  adjoining  dikes  there  are,  therefore,  four 
very  difierent  kinds  of  rocka  Selecting  specimens  as  fresh  as 
possible  from  the  different  dikes  I  analyzed  them  with  the  fol- 
lowing results : — 

Diabase.      Oliidne  diabase.    Diorite.         STenite. 
Dike  No.  I.     Dike  No.  5.   Dike  No.  2.  Dikes  Nos.  3  4  4. 

Silica  41-63  42*77  41-94  68-26 

Alumina  1326  14-06  15  36  18-22 

Iron  sesquioxide  3-19  2-72  327  107 

Iron  protoxide  9-92  8-34  9-89  696 

Manganese  protoxide         -27  •15  -25  -10 

Titanium  dioxide  3-95  2-36  415  tr. 

Lime  8-86  11-47  9-47  1-51 

Magnesia  7-31  9-72  6-01  tr. 

Soda  2-49  1-89  6-16  4-19 

Potash  3-32  1-43  -19  6-69 

Carbon  dioxide  5-20  1-62  2*47  4*75 

Water  1*35  2-74  3-29  -86 


100-76  99-26         10044         100-49 

Though  I  have  mentioned  the  existence  of  decomposition 
products,  they  are  present  only  in  minute  quantities;  and  as  in 
these  very  compact  rocks  the  new  compounds  must  have  been 
formed  from  the  old,  I  think  the  above  analyses  represent  very 
nearly  the  original  composition  of  the  rocks,  with,  however,  the 
addition  of  the  water  and  the  carbon  dioxide. 

Between  the  light  and  dark  colored  rocks  there  is  a  wide 
difference,  which  indicates  that  the  reservoirs  from  which  they 
were  ejected  contained  fused  material  of  very  different  composi- 
tions.  The  black  rocks  are  nearly  alike  in  composition,  but 
their  differences  are  such  as  might  account  for  the  variation  in 
mineral  constituents.  The  quantivalent  proporiion  of  the  ses- 
quioxides  to  the  protoxides  is  considerably  higher  in  the  dio- 
rite than  in  the  diabases,  and  this  is  a  condition  favorable  to 
the  formation  of  diorites,  as  shown  by  the  higher  percentage  of 
alumina  usually  found  in  the  hornblende  of  eruptive  rocks. 
The  larger  percentage  of  magnesia  may  have  favored  the  forma- 
tion of  olivine  in  one  diabase  and  not  in  the  other.  But  the 
presence  of  compact  and  porphy  ritic  materials  in  different  dikes, 
though  of  nearly  the  same  composition,  indicates  different  con- 
ditions of  cooling  and  crystallization,  and  these  may  also  have 
been  a  cause  of  the  mineral  distinctions. 

In  the  adjoining  Connecticut  Valley  the  red  sandstones  are 
cut  by  numerous  dikes.     Many  of  these  rocks  and  others  geo- 
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logically  related  have  been  microscopically  examined  by  K  S. 
Dana,*  and  some  were  analyzed  by  myself.f  It  was  shown 
that  these  large  dikes  which  are  so  characteristic  of  the  Mesozoic 
red  sandstones  of  this  coast  are,  wherever  found,  essentially 
uniform  in  composition  and  mineral  constitnents.  They  are 
compounds  of  labradorite,  augite  and  magnetite,  and  vary  only 
in  tne  extent  of  their  alteration.  Professor  Dana  has  concladed 
from  this  uniformity  and  their  wide  distribution  over  the  At- 
lantic slope  from  Nova  Scotia  to  North  Carolina,  that  the  dikes 
reach  to  pmfound  deptha 

It  is  most  probable  that  the  lai^ze  and  small  dikes  that  are  so 
common  among  the  crystalline  rocks  of  New  Hampshire,  occupy 
fissures  which  were  made  during  the  elevation  of  the  mountains. 
In  the  process  of  elevation,  vanable  conditions  must  have  been 
introduced  in  the  strata  at  different  places  and  times,  on  account 
of  the  conversion  of  mechanical  work  into  heat,  as  has  been 
shown  by  Mallet  and  others,  and  this  would  have  modified  the 
depth  at  which  fused  materials  would  be  found  beneath  the 
surface.  If  partial  crystallization  took  place  before  eruption,  as 
in  the  case  of  many  modern  volcanic  rocks,  very  variaole  con- 
ditions might  also  have  been  introduced  at  dinerent  times  for 
their  solidification.  The  Mesozoic  sandstones  referred  to  do 
not  occupy  a  position  that  indicates  a  great  strain  upon  the 
earth's  crust  at  the  time  of  fracture,  but  are  found  in  areas  of 
gentle  subsidence,  and  the  uniformity  in  the  dikes  that  charac- 
terize these  regions,  when  compared  with  the  diversity  in  the 
dikes  of  the  mountain  region  of  New  Hampshire,  is  as  striking 
as  is  the  contrast  in  the  geological  features  of  these  two  areas  of 
eruption.  A  sinking  of  the  earth's  crust  might  result  in  pro- 
found fractures  which  would  reach  to  the  homogeneous  zone 
beneath  the  sedimentary  formation.  The  crushing  attendant 
upon  elevation  might  fuse  sedimentary  deposits  at  various 
deptbs,  and  produce  fissures  that  would  be  filled  with  the 
most  diversified  material. 


Art.  XIX. — Notes  on  the  Mesozot^  Strata  of  Virginia ;  by 
Wm.  M.  Fontaine. 

[Continued  from  page  39.] 

Banover  Area, — This,  the  northern  portion  of  the  Richmond 
belt,  shows  considerable  differences  from  the  Richmond  coal 
field.  The  structure  is  not  that  of  a  basin,  but  it  contains  one 
or  more  broad  anticlinals,  the  beds  on  the  west  side  dipping 
northwest  against  the  Azoic,  and  on  the  east  passing  with  a 
northeast  and  east  dip  under  the  Tertiary.  We  have  here  also 
two  series.     The  lower  has  the  general  character  of  the  lower 

♦  Thi«  Jou^^  III,  vlii,  390.  f  ^^^  HI,  ix,  186. 
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series  of  the  Bichmond  Goal  field.  It  has  no  workable  coal, 
and  only  a  few  thin  and  impure  layers,  at  most,  an  inch  or  two 
in  thickness.  Plants  occur,  some  of  the  species  found  in  the 
Richmond  coal  field  being  discovered  here  also,  with  other, 
somewhat  later  types.  Taken  as  a  whole,  this  part  of  the  belt 
contains,  as  Bogers  long  ago  showed,  strata  somewhat  younffer 
than  those  of  the  productive  portion  of  the  belt  lying  farther 
south.  Much  of  the  vegetable  matter  seems  to  have  been 
drifted  into  its  present  position.  I  observed  a  very  curious 
patch  of  coal,  very  locally  deposited,  which  seems  formed 
entirely  of  the  epidermal  tissue  of  leaves,  which  have  been 
drifted  together  and  packed  closely  in  layers.  These  leaves 
seem  to  have  been  principally  those  of  A/a/rotceniopteris  raagnu 
folia.  The  upper  series  also  presents  a  general  character  like 
that  of  the  upper  series  of  the  Richmond  coal  field,  but  some 
of  the  peculiar  features  found  in  that  field  are  here  much  more 
exaggerated.  The  exposures  are  very  poor,  and  it  is  very  dif- 
ficult to  make  accurate  examinations.  The  greater  portion  of 
this  series  is  composed  of  sandstones  with  subordinate  beds  of 
shale.  The  sandstones  of  the  uppermost  portions,  especially 
those  found  in  the  northern  extremity  of  the  tract,  are  remark- 
able for  the  unsorted  and  undecomposed  character  of  the  mate- 
rial composing  them.  This  material  is  a  mixture  of  quartz, 
pinkish  feldspar  and  dark  mica,  easily  recognized  as  coming 
irom  certain  granitoid  gneisses,  which  are  found  in  force  along 
the  southwestern  side  of  the  area.  On  compression,  this  mate- 
rial forms  a  rock  closely  like  the  original  gneiss.  On  the 
northwestern  edge  of  the  area,  along  the  North  Anna  River, 
this  finer  matter  has  associated  with  it  large,  partly  rounded 
stones,  comini?  from  the  same  granitoid  gneiss.  On  this  stream 
the  stones  malce  up  the  greater  part  of  the  mass.  They  are 
imbedded  in  a  matrix  of  the  above  mentioned  finer  material. 
The  stones  are  often  quite  fresh,  and  sometimes  of  very  lar^e 
size.  I  saw  one  granite  bowlder  ten  feet  through,  and  not  fully 
exposed.  Many  are  two,  three,  and  four  feet  in  diameter.  1 
am  not  able  to  say  what  connection,  if  any,  these  stones  have 
with  the  bowlders  of  the  interior  belts.  They  were  deposited 
before  the  cessation  of  the  emission  of  igneous  matter,  as  they 
are  penetrated  by  several  trap  dykes.  They  form  certainly 
the  youngest  beds  of  the  series.  The  dip  is  very  obscure,  but 
appears  to  be  to  the  northwest  When  these  beds  are  traced 
to  the  eastern  side  of  the  area,  where  they  pass  under  the  Ter- 
tiary, we  find  that  the  number  and  size  of  the  stones  greatly 
decreases.  The  beds  now  take  in  fragments  of  the  shale,  and 
other  strata  of  the  lower  series,  which  feature  is  never  seen  on 
the  western  side.  This  of  course  should  be  the  case,  if  the 
eroding  force  acted  from  the  west  and  southwest     These  upper- 
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moBt  beds  pass,  as  it  appears,  np  into  the  strata  which  occupy 
the  border  oelts,  and  which  here  overlap,  as  stated  before,  this 
area.  I  have  not  seen  any  similar  beds  of  stones,  on  the  west 
side  of  the  Richmond  Coal  field,  and  do  not  think  that  they 
exist  there,  though  my  observations  are  not  extensive  enough 
to  decide  the  question  positively.  The  lower  and  middle  por- 
tions of  the  series  are  much  like  the  upper  series  of  the  Rich- 
mond Coal  field.  They  contain  some  thin  films  of  coal,  and 
some  plants,  too  poorly  preserved  to  be  of  much  value  in  deter- 
mining age,  though  so  far  as  their  evidence  is  to  be  taken,  the 
series  is  certainly  younger  than  the  Richmond  coal-bearing 
strata.  A  large  amount  of  drifted  vegetation,  principally 
trunks  and  limbs  of  coniferous  trees,  now  changed  to  lignite,  or 
silicified,  is  found  especially  in  the  upper  beds.  The  amount 
heaped  up  at  certain  horizons,  is  sufficient  to  give  the  appear- 
ance of  small,  locally  developed  coal  seams. 

The  Fredertchburg  Belt — in  this,  also,  we  may  recognize  two 
series,  a  lower,  about  160  feet  thick,  and  an  upper,  still  thicker. 
Both  vary  so  much  in  the  composition  and  structure  of  the 
beds,  that  it  is  difficult  to  ^ive  any  correct  idea  of  them  with- 
out going  into  details,  which  would  require  too  much  space. 
The  lower  series,  however,  is  more  constant  in  composition, 
and  may  be  generally  recognized  by  its  physical  features, 
which  is  not  the  case  with  the  upper.  It  is  composed  mainly 
of  a  curious  sort  of  sandstone  (Rogers'  feldspathic  sandstone) 
which  possesses  very  little  coherence.  This  is  due  to  the  fact 
that  it  is  mainly  composed  of  grains  of  sand,  usually  fine,  sur- 
rounded by  a  non-plastic  white  earth,  resembling  kaolin.  This 
is  a  composition  which  indicates  that  the  sorting  action  of  water 
has  not  oeen  brought  into  play.  This  is  farther  indicated  by 
the  structure  of  the  mass,  which  is  usually  affected  with  false 
bedding,  and  often  resembles  a  mass  of  agglutinated  sand.  The 
planes  of  the  false  bedding  are  ver^  short,  and  shift  rapidlv. 
The  strata  lie  nearly  horizontal,  inclining  slightly  to  the  south- 
east Small  stones  are  often  scattered  through  the  mass,  and 
beds,  nests,  or  pockets,  of  latter  stones,  occur  at  different 
horizons.  These  stones  are  sometimes  four  to  six  inches  in 
diameter.  All  the  stones  are  either  quartz,  which  is  most 
abundant,  or  Potsdam  quartzite.  The  lower  portion  is,  on 
the  whole,  more  siliceous  and  coarser.  The  upper  part  is 
often  a  fine-grained  powdery  mixture,  of  siliceous  matter  and 
kaolin,  which  shows  very  sudden  changes  of  texture  and  a 
complicated  cross-bedding.  This  material  is  very  significant, 
as  there  is  no  rock  in  the  Azoic  of  the  adjacent  countrv  which 
could  by  its  erosion  yield  it  The  Azoic  rocks  to  the  west 
and  northwest  are  mica  slates,  argillites,  etc.,  which  in  decom- 
posing yield  yellow,  reddish,  and  bluish  clays,  and  yellowish  or 
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reddish  sand.  From  the  character  of  the  finer  matter,  and  of 
its  contained  fragments,  it  is  clear  that  mach  of  it  was  derived 
from  the  Potsdam  stratai,  on  the  west  of  the  Blue  Ridge.  As 
I  shall  have  frequent  occasion  to  refer  to  this  Potsdam  material, 
a  brief  description  of  the  occurrence  and  character  of  the  parent 
rocks  will  be  required. 

In  my  article  on  the  **  Primordial  Strata  of  Virginia/'  pub- 
lished in  the  May  and  June  numbers  of  this  Journal  for  1875, 
I  gave  some  account  of  certain  varieties  of  the  Potsdam  strata, 
which  occur  in  great  force  near  Bockfish  Qap,  on  the  head 
waters  of  South  River,  a  branch  of  the  Shenanaoah  River,  and 
at  the  entrance  of  the  gorge  cut  by  James  River,  at  Balcony 
Falls,  where  it  crosses  the  Blue  Ridge.  They  also  are  ex- 
posed along  the  entire  lower  course  of  the  Shenandoah,  and  on 
the  Potomac,  a  short  distance  above  Harper's  Ferry.  At  this 
latter  place  also,  they  are  much  crushed  and  fractured.  The 
rocks,  at  these  points,  are  much  shattered,  and  lie  in  their  original 
beds  so  loosely,  that  they  may  be  removed  with  a  pick.  The 
most  notable  of  these  rocks  are  compact,  vitreous  quartzites  and 
peculiar  sandstones,  which  have  the  grains  of  sand  imbedded 
in  a  white,  non-plastic,  argillaceous  matter,  like  kaolin.  The 
latter  graduate,  by  loss  of  quartz  grains,  into  shales  or  slates  of 
a  white  color,  composed  of  the  non-plastic  matter.  All  are 
strikingly  white  and  void  of  ferruginous  matter.  It  is  from 
these  strata  that  the  Potsdam  material  comes,  which  is  scattered 
so  abundantly  over  portions  of  the  eastern  border  of  the  Atlantic 
slope,  and  this  appears  to  be  the  source  of  the  precisely  similar 
white  matter,  which  forms  the  finer  material,  of  the  lower  series 
of  the  Fredericksburg  Belt  As  nothing  like  it  is  found  among 
the  Azoic  strata,  fragments  of  this  material  may  easily  be 
recognized  when  found  east  of  the  Blue  Ridge.  Indeed,  they 
are  as  well  characterized  as  fossils.  Were  there  any  doubt 
attending  the  assigning  the  source  of  these  stones,  from  physi- 
cal evidence  alone,  to  the  Potsdam,  it  would  be  put  at  rest  by 
finding,  as  we  often  do,  the  well-known  marks  of  Scolilhus 
linearis  in  these  erratics.  This  lower  series  is  best  exposed  at 
the  town  of  Fredericksburg,  where  it,  in  its  more  coherent 
portions,  yields  a  building  stone,  which  was  formerly  used 
to  a  considerable  extent 

The  lower  series  passes  up  into  a  higher  svstem  of  beds,  con- 
stituting the  upper  series,  which  is  marked  by  a  smaller  pro- 
portion of  the  white  incoherent  beds,  so  characteristic  of  the 
lower,  and  by  a  predominance  of  clays  of  reddish,  yellowish, 
and  bluish  colors,  and  of  reddish  and  yellowish  sands.  These 
clays  and  sands  increase  in  amount  as  we  follow  the  belt  north- 
ward. Near  Alexandria,  between  Washington  and  Baltimore, 
and  near  the  latter  city,  they  constitute  the  whole  of  the  upper 
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series.  The  material  of  these  beds  comes  from  the  decay  of 
the  Azoic  on  the  west  These  days  and  sands  also  are  very 
irregularly  bedded.  The  sands  especially,  are  much  affected 
by  cross  bedding.  From  Alexandria  northward  the  lower 
series  is  rarely  seen,  beinff  too  deeply  buried.  At  Baltimore 
it  appears  in  the  lowest  white  clays  and  sands  dug  in  the  base 
of  the  hills.  Toward  the  close  of  the  formation  of  these  strata 
they  were  invaded  by  some  agent  which  planed  them  off,  or 
scored  them  more  or  less  deeply  into  channels,  and  brought 
along  with  it  quantities  of  sand,  gravel,  large  rounded  stones 
and  slightly  worn  blocks,  often  of  very  large  size.  This  mate- 
rial was  deposited  in  a  confused  manner,  and  is  usually  very 
different  from  the  beds  on  which  it  reposea  This  agent  seems 
to  have  acted  from  the  northwest  From  Fredericksburg  to 
the  Potomac,  the  gravel  and  rounded  stones  are  composed  of 
quartz,  Potsdam  quartzite,  and  sandstone.  In  the  vicinity 
of  Alexandria,  Potsdam  bowlders  predominate  over  the  quartz. 
The^  are  commonly  six  or  eight  inches  in  diameter,  and  often 
attain  the  dimensions  of  one  and  two  feet,  showing  frequently 
Scolithus  markings.  They  are  found  over  the  surface  of  the 
Mesozoie  here,  five  or  six  miles  from  the  Potomac  and  up  to 
the  Azoic  border,  often  forming  belts  of  stones  packed  in  com- 
minuted Potsdam  matter.  Throughout  the  entire  belt,  the 
large,  slightly  worn  blocks,  are  composed  of  crystalline  rocks, 
from  varying  distances  to  the  west  and  northwest,  all  the  way 
to  the  Blue  Ridge,  These  are  not  rarely  four  or  five  feet  in 
diameter,  and  sometimes  six  or  seven  feet  Near  Fredericks- 
burg, we  may  see  large  stones  formed  of  the  characteristic 
epidotic  and  chloritic  schists,  composing  the  Blue  Ridge  on  the 
west  Near  Alexandria,  large,  slightly  worn  masses,  having  a 
diameter  of  four  or  five  feet,  are  found  of  the  peculiar  siliceous 
and  chloritic  schists  composing  the  Blue  Ridge  at  Harper's 
Ferry,  along  with  gneiss  and  mica  schist  from  nearer  localities. 
North  of  the  Potomac,  over  the  lignitic  and  iron-ore  clays, 
between  Washington  and  Baltimore,  which  belong  to  the  upper 
series,  I  did  not  see  any  Potsdam  material  The  rounded 
stones  and  gravel  are  quartz,  but  the  Azoic  erratics  abound. 
The  iron-ore  clays  near  the  Relay  House  have  been  deeply 
scored,  and  the  excavations  filled  with  coarse  sand,  gravel, 
masses  of  the  iron-ore,  and  Azoic  erratics.  But  this  action 
does  not  seem  to  have  been  confined,  in  all  places,  to  the 
npper  portion  of  the  series.  Near  Neabsco  Station,  on  the 
Fredericksburg  and  Alexandria  Railroad,  I  found  near  the 
Azoic  floor,  and  under  a  very  considerable  thickness  of  the 
upper  sands  and  clays,  a  heterogeneous  mass  of  angular  Azoic 
matter  in  large  blocks  mixed  with  worn  and  rounded  stones,  of 
quartz  and  Potsdam  sandstone,  imbedded  in  blue  clay.     This 
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drift  matter,  by  the  eroding  and  sorting  action  of  the  streams 
which  cross  it  and  pass  into  the  Tertiary  or  Cretaceous  areas, 
has  been  carried  over  to  a  distance,  greater  or  less  according  to 
the  particular  conditions,  on  the  surface  of  the  more  recent 
strata.  It  has  b^  the  same  action  been  concentrated  near  the 
streams.  Also  in  the  space  between  these  rivers,  surface 
erosion  and  other  causes  nave  caused  it  to  pass  over  a  short 
distance  on  the  newer  beds,  but  it  soon  disappears  within  the 
areas  occupied  by  such  beds.  In  Virginia  we  have  no  means 
of  determining  whether  the  drift  follows  the  surface  of  the 
upper  series  as  it  passes  eastward  under  the  Tertiary,  but  in 
Maryland  it  evidently  passes  eastward  under  the  Cretaceous. 
Thus  the  wells  bored  to  the  southeast  of  Baltimore  penetrate  it 
on  entering  the  clays  and  sands  of  the  upper  serie&  I  have 
carefully  examined  the  Maryland  Reports  for  information  on  this 
head,  and  find  that  they  give  evidence  that  this  bowlder  deposit 
passes  as  far  to  the  southeast  as  its  horizon  has  been  reached. 

Fossil  Plants. — These  can  be  only  briefly  noticed.  I  have 
found  a  large  number  of  well  preserved  plants  at  Fredericks- 
burg in  the  lower  series.  They  occur  in  a  gray  clay  or  shale, 
which  rests  on  a  bed  of  cobble-stones.  I  owe  the  discovery  of 
the  deposit  to  Professor  P.  R  Uhler,  President  of  the  Maryland 
Academy  of  Sciences.  The  material  which  imbeds  the  plants 
is  not  laminated,  and  the  plants  all  seem  to  have  been  drifted. 
Considering  their  mode  of  occurrence,  the  small  amount  of  change 
exhibited  by  some  of  them  is  wonderful.  As  the  deposit  is  very 
local,  it  has  hitherto  escaped  attention  almost  entirely.  Many  of 
the  plants  retain  their  entire  structure,  and  are  only  colored 
brown.  I  have  some  which  seem  still  topossess  their  chlorophyll  I 
They  have  a  decidedly  green  color.  Tney  are  principally  Con- 
ifers, Cycads  and  Ferns.  No  species  of  the  Richmond  Coal  field 
are  found  here,  but  a  few  show  affinities  with  Rhaetic  plants. 
With  the  plants  above  named,  I  find  certain  netted-veined 
leaves,  which  by  their  nervation  cannot  be  distinguished  from 
Angiosperms.  Had  they  been  found  with  Cretaceous  or  Ter- 
tiary plants  I  think  no  one  would  hesitate  to  consider  them  as 
such.  As,  however,  they  occur  with  a  well  marked  Upper 
Jurassic  flora,  I  hesitate  to  pronounce  them  to  be  Angiosper- 
mons  plants,  without  a  more  careful  study  and  extendi  com- 
parison, than  I  have  as  yet  been  able  to  make.  They  are  cer- 
tainly not  "Dictyophyllum,"  which  is  the  genus  of  fossil  ferns 
that  stands  nearest  to  them.  But  when  we  nnd  such  a  develop- 
ment of  undoubted  Angiosperms  in  the  lowest  Cretaceous  beds 
of  New  Jersey  and  of  the  west,  we  should  expect  to  find,  at 
least,  their  ancestors  in  the  Jurassic  flora. 

This  flora,  as  a  whole,  is  decidedly  younger  than  that  of  the 
Richmond  Coal  field.     Its  rather  complex  type  will  require  a 
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careful  study  to  fix  the  age,  but  from  my  preliminary  examin- 
ation, I  conclude  that  it  is  nearly  of  the  age  of  the  Upper  Oolite 
of  England,  an  age  long  ago  assigned  by  Bogers  to  these  beds. 
The  general  facies  is  much  like  that  of  the  flora  of  Sutherland 
in  Scotland,  figured  in  part  by  Hugh  Miller  in  his  "  Testimony 
of  the  Rocks,"  which  he  considered  as  being  partly  Liassic,  but 
which  Mr.  Judd  shows  to  be  all  Upper  Oolite  in  age.  R  C.  Taylor 
found  at  another  locality  near  Fredericksburg,  but  on  the  same 
horizon  with  mine,  a  few  plants  which  he  figured  and  described, 
in  a  communication  published  in  the  Trans.  Geol.  Soc.  Penn., 
vol.  i,  1835.     These  plants  he  considered  to  be  Oolite  in  age. 

In  the  upper  series  at  Fredericksburg  I  have  found,  in  a 
state  of  preservation  permitting  determination,  only  a  few  twigs 
of  Conifers  with  leaves.  But  this  series,  both  here  and  to  the 
northward,  is  remarkable  for  the  great  quantity  of  lignite  and 
jet  which  it  contains,  produced  from  the  trunks  and  limbs  of 
coniferous  trees.  The  most  abundant  tree  seems  to  have  had 
a  wood  very  like  that  of  the  white  pine  {Pinus  sirobus).  To 
judge  from  the  amount  of  this  lignite  in  the  upper  series  of  the 
belt,  the  country  must  have  been  covered  with  extensive 
forests  of  coniferous  trees,  at  the  time  of  the  formation  of 
the  beds  composing  it  The  trunks  are  sometimes  piled  so 
thickly  over  each  other  that  they  produce  the  appearance  of 
a  prostrate  forest.  Near  Neabsco  Station  we  find  such  a  state 
of  things.  The  trunks  are  here  flattened  and  imbedded  in  a 
blue  clay.  Great  quantities  of  lignite  occur  in  the  clays  of  the 
upper  series,  especially  the  clays  which  Mr.  Tyson  calls  "  iron- 
ore  clays,"  whicn  are  found  between  Washington  and  Baltimore. 
In  these  clays,  stumps  of  Cycads,  belonging  to  at  least  two  new 
species  of  tne  genus  Cycadoidea^  are  found.  The  blue  clays  at 
Baltimore  yield  some  beautiful  ferns  of  Wealden  type.  All 
the  attainable  evidence  points  strongly  to  the  conclusion  that 
the  age  of  these  upper  beds  is  Wealden.  Professor  Bogers 
mentions  that  they  yield  at  Fredericksburg  two  or  three  spe- 
cies of  ferns  and  stumps  of  Cycads  of  the  genus  Oycadoiaea, 
None  of  these  have  been  seen  by  me.  What  the  relation  of 
these  beds  is  to  the  lower  clays  of  New  Jersey  with  Angiosper- 
mous  leaves,  is  not  known,  though,  no  doubt,  the  New  Jersey 
beds  are  somewhat  younger. 

Professor  Wm.  B.  Bogers  has  long  held  the  opinion  that 
these  upper  beds  are  Wealden  in  age.  This  is  also  the  opinion 
of  Protessor  P.  E.  Uhler.  Mr.  P.  T.  Tyson  also  held  a  similar 
belief  which  he  based  not  only  on  the  plants,  but  on  certain 
fresh-water  shells  (Unios?)  which  resemble  Wealden  species. 
The  beds  in  question,  however,  seem  to  be  by  all  others  con- 
sidered as  Lower  Cretaceous,  as  it  would  appear,  solely  from 
their  underlying  known  Cretaceous  marine  strata. 

[To  be  continued.] 
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Art.  XXL — Notices  of  Recent  American  Earthquakes,     No.  8  ; 
by  Professor  C.  G.  Rockwood,  Jr.,  College  of  New  Jersey. 

In  these  notices,  as  heretofore,  those  based  upon  single  news- 
paper notices  and  which  could  not  be  otherwise  verified,  are 
printed  in  smaller  type  and  the  source  of  the  information  is 
mdicated. 

For  information  received,  I  am  again  indebted  to  J.  M. 
Batchelder,  Esq.,  of  Boston,  who  has  kindly  given  me  the  benefit 
of  his  lists;  and  to  the  TJ.  S.  Monthly  Weather  Review. 

1877. — July  13.  From  Coban,  a  place  in  the  central  part  of 
Gautemala,  east  of  the  mountains,  there  were  reported  thirteen 
or  fourteen  shocks  at  5.15  A.  M.,  the  direction  E.  to  W. — (U.  S. 
Weather  Rev.) 

From  the  same  place  are  the  following  four. 

July  20.     At  10.05  A.  M.  two  slight  shocks,  E.  to  W. 

July  27.     At  8  P.  M.  a  slight  shock,  lasting  a  few  seconds. 

Aug.  27.     At  11.35  A.  M.  three  shocks  from  the  north. 

Sept  10.  At  10.45  a.  m.  two  shocks,  lasting  seven  seconds 
and  suflSciently  strong  to  sway  the  fa9ade  of  the  church. 

Sept.  10.  A  slight  shock  felt  about  2  A.  M.  at  Cambridge, 
Mass.  Eight  hours  later  the  shock  occurred  along  the  Dela- 
ware River,  already  noted,  III,  xv,  p.  25. 

Nov.  16.  The  shock  about  2.30  a.  m.  at  Knoxville,  Tenn., 
as  noticed.  III,  xv,  p.  27,  was  from  S.  W.  to  N. ;  and  was  felt 
also  at  Murphy,  N.  C,  where  the  direction  was  W.  to  E.  and 
the  duration  fifteen  seconds. 

Nov.  21.  At  Coban,  Gautemala,  at  10.16  a.  m.  two  vertical 
shocks,  and  at  10.37  p.  m.  a  number  of  small  shocks  lasting 
forty  seconds. 

Nov.  24.  At  Red  Bluff,  Cal,  two  shocks  at  6.30  and  6.50 
A.  M.,  the  first  lasting  twenty  seconds,  and  being  from  E.  to  W. 
This  was  felt  also  at  San  Francisco. 

Nov.  26.  At  Coban,  Gautemala,  at  9.57  a.  m.  a  few  vertical 
shocks  lasting  twenty  seconds. 

Dec.  14.  A  strong  shock  at  7.15  p.  m.  in  Callao,  Peru,  the  un- 
dulation being  from  N".  to  S. — (N.  Y.  Times.) 

Dec.  18.  At  Beachburg,  Ont,  two  shocks,  the  first  between 
1  and  2  A.  M.,  the  second  between  5  and  6  a.  M.  and  quite  severe. 

1878. — Jan.  2.  A  slight  shock  about  7  P.  M.  in  Louisa  and 
Hanover  Counties,  Va.,  accompanied  by  a  roaring  sound. 

Jan.  8.     Two  slight  shocks  at  10.30  P.  M.  at  Cairo,  111. 

Jan.  23.  At  7.55  P.  M.  a  strong  shock,  lasting  thirty  seconds, 
occurred  on  the  southern  coast  of  Peru.  It  was  severe  at 
Iquique  and  Arica,  and  was  accompanied  by  a  subterranean 
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sound ;  but  it  was  most  destructive  in  the  interior,  where  some 
houses  were  shaken  down.  But  little  damage  was  done  on  the 
coast;  the  sea  was  comparatively  quiet  and  there  was  no  tidal 
wave. 

At  Iquiqiie  lighter  shocks  followed  with  short  intervals  dur- 
ing the  24th  and  26th,  overfo7Uy  distinct  shocks  being  counted. 
A  second  heavy  shock  occurred  at  8.30  P.  M.  of  the  24th. 

Jan.  27.  The  harbor  of  Callao  was  greatly  disturbed  by  a 
series  of  tidal  waves.  The  heavy  surf  began  about  8.80  A.  M. 
and  continued  during  the  day,  causing  great  damage  to  the 
docks  and  sea-wall,  inundating  the  English  railroad  station  and 
resulting  in  some  loss  of  life.  The  movement  came  from  the 
north. 

Feb.  5.  A  shock  at  11.20  a.  m.  at  Flushing,  N.  Y.,  sufficient  to 
break  windows. — (U.  S.  Weather  Rev.) 

Feb.  26. — A  shock  at  11.66  a.  m.  at  San  Francisco  consisting  of 
three  vibrations  N.  to  S.,  lasting  five  seconds. — (U.  S.  Weather 
Rev.) 

Feb.  27.  A  severe  earthquake  occurred  at  5  p.  m.  at  Reyk- 
javik and  other  places  in  the  southwest  part  of  Iceland.  It  was 
connected  with  a  volcanic  eruption  which  began  the  same  night 
and  continued  for  more  than  a  month.  The  new  volcanic  open- 
ings, fourteen  in  number,  were  situated  in  the  Raudaskal  valley, 
about  four  miles  northeast  of  Mt.  Hekla. 

March  12.  At  4  A.  M.  a  severe  shock  at  Columbus,  Ky., 
causing  the  fall  of  a  portion  of  the  bank  of  the  Mississippi. 

.    The  same  day  two  shocks  at  Milford,  Vt. — (U.  S. 

Weather  Rev.) 

March  17.  Two  sharp  shocks  at  St  Thomas,  Lower  California. 
— (U.  S.  Weather  Rev.) 

March  18.  A  slight  shock  at  6.30  a.  m.  at  Tacoma,  Washington 
Ter.— (U.  S.  Weather  Rev.) 

April  — .  '*  In  the  early  part  of  the  month,"  an  earthquake 
occurred  at  Manizales,  Unitea  States  of  Columbia,  overthrowing 
a  church  tower. 

April  12.  About  8.40  p.  M.  a  destructive  earthquake  occurred 
at  Cua  in  Venezuela.  This  was  a  town  of  about  8,000  inhab- 
itants, situated  on  the  River  Tuy,  in  N.  lat  10°  8'  16''  and  W. 
long.  66**  55'  from  Greenwich,  the  center  of  a  flourishing  agri- 
cultural district.  The  height  above  the  Caribbean  Sea  is  282 
metera  The  center  of  the  town  is  situated  on  a  small  hill 
about  20  meters  above  the  lower  part.  The  hill  is  composed 
of  gneiss,  micaceous  and  chloritic  schists,  rising  rather  steep 
toward  the  W.S.W.  It  is  surrounded  by  strata  of  clay  and 
marl,  covered  by  a  deep  stratum  of  alluvial  soil,  and  resting  on 
dark  limestone  and  argillaceous  schists.     This  upper  town  was 
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destroyed,  being  reduced  to  a  heap  of  ruiDS  in  less  than  two 
seconds.  About  300  lives  were  lost  and  property  destroyed  to 
the  amount  of  £300,000.  The  lower  town  suffered  very  little. 
The  direction  of  the  shock  was  from  E.  15°  N.  and  the  angle 
of  emergence  was  found  by  A.  Ernst  of  Caracas  to  be  about 
60°.  The  center  could  not  have  been  very  deep,  as  the  destruc- 
tion was  limited  to  an  area  of  one  square  mile.  The  transverse 
wave  however  was  felt  one  hundred  miles  distant  and  occurred 
in  Caracas,  distant  in  a  straight  line  twenty-six  English  miles, 
at  8*»  41™  84".  Lighter  shocks  continued  to  be  felt  at  intervals 
up  to  May  4. 

For  the  greater  part  of  the  above  I  am  indebted  to  an  article 
by  Mr.  Ernst,  in  Nature,  vol.  xviii,  p.  130. 

April  15.  At  Glendive,  Montana,  on  the  Yellowstone  Eiver, 
there  were  three  shocks,  following  each  other  at  intervals  of 
half  an  hour. 

April  23.  At  Loreto,  on  the  Gulf  of  California,  a  severe  shock 
of  two  or  three  seconds  at  10  a.  m.  ;  the  first  of  a  series  lasting 
till  May  3.— (U.  S.  Weather  Rev.) 

April  28.  A  seVere  shock,  felt  at  Caracas  at  8.30  p.  m.  de- 
stroyed a  large  part  of  the  town  of  Ocumare,  about  twenty  miles 
east  of  Cua  and  in  the  same  valley. 

April  29.  Shocks  were  again  felt  at  LaGuayra,  Caracas, 
Porto  Cabello  and  Valencia,  in  Venezuela. 

May  8.  At  8.25  p.  m.,  a  shock  from  N.  to  S.  and  suflSciently 
violent  to  stop  clocks,  was  felt  in  the  valley  of  the  Sacramento 
Cal.,  from  Red  Bluff  to  Sacramento  City,  and  also  west  of  the 
Coast  Range  in  Mendocino  County. 

May  14.  A  severe  shock  was  felt  at  Guayaquil  about  6.40 
p.  M.,  preceded  by  a  loud  noise.  There  was  a  less  violent  shock 
at  9  A.  M.  of  the  15th. 

May  15.  A  severe  earthquake  occurred  at  8.36  P.  m.  at 
Tacna  and  Arica,  Peru. 

May  21.    A  shock  at  San  Bernardino,  Cal. — (U.  S.  Weather  Rev.) 

June  4.     A  light  shock  at  12.28  P.  M.  at  San  Jos^,  Costa  Rica. 
June  9.     A  strong  shock  at  the  same  place  at  4.34  P.  M. 

June  11.  On  the  ni^ht  of  the  11th  and  12th,  four  shocks  were 
felt  at  Los  Angeles,  Cat,  as  follows ;  at  11.12  p.  m.  a  distinct  shock, 
at  11.20  p.  M.  a  violent  shock,  duration  five  seconds,  motion  N.W. 
to  S.E. ;  at  2.30  a.  m.  a  light  shock ;  and  at  6.30  a.  m.  a  slight 
tremble. — (U.  S.  Weather  Rev.) 

June  14.  A  slight  shock  at  Cimarron,  N.  M. — (U.  S.  Weather 
Rev.) 

July  2.  Two  light  shocks  at  Campo,  CaL,  at  6**  66"  30*  (a,  m. 
or  p.  M.?)  from  S.E.  to  N.W.  with  a  noise  resembling  thunder. — 
(U.  S.  Weather  Rev.) 
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July  11.     A  severe  shock  at  midnight  at  St  Thomas,  W.  I. 
July  16  and  18.     Two  severe  shocks  in  Hayti. 

July  21.  A  slight  shock  at  5  a.  m.  at  Salt  Lake  City. — (U.  S. 
Weatner  Rev.) 

July  26.  A  slight  shock,  direction  north  and  south,  was  felt 
at  8.25  A.  M.  at  Los  Angeles,  Cal,  and  at  San  Gorgonio,  San 
Bernardino  and  other  places  in  the  mountains  east  of  Los 
Angeles. 

July  27.  At  7.30  p.  m.  a  strong  shock  at  San  Jos^,  Costa 
Rica. 

Aug.  3.  A  severe  earthquake  occurred  at  2.15  P.  M.  in  the 
Island  of  Martinique,  W.  I.  The  vibrations  continued  fifteen 
seconds,  and  in  the  town  of  Diamant  several  buildings  were 
thrown  down. 

Aug.  9,  13,  14,  15,  22,  30.  At  San  Jos^,  Costa  Rica ;  on  9th 
at  4.15  A.  M.  a  feeble  shock;  on  13th  at  7.17  p.m.  a  strong 
shock,  at  11.30  p.  m.  a  feeble  shock ;  on  14th  at  3  A.  M.  and 
12.48  P.  M.  feeble  shocks ;  on  22d  at  10  P.  M.  a  strong  shock  ; 
on  30th  at  0.23  a.  m.  a  feeble  shock.  At  Cartago,  twelve  miles 
east  of  San  Jos^,  five  shocks  occurred  from  7  P.  M  of  the  14th 
to  5  a.  M.  of  the  15th. 

Aug.  29.  Letters  from  Alaska,  dated  Sept  1,  state  that 
frequent  shocks  had  occurred  during  the  summer,  in  connection 
with  renewed  activity  of  the  volcanoes  of  the  Aleutian  Islands. 
On  Aug.  29,  the  village  of  Makuslin  on  Unalaska  Island  was 
destroyed  by  earthquaice  shocks  and  tidal  waves. 

Sept.  7.  Three  shocks  from  west  to  east  at  San  Francisco 
about  9.36  A.  m. — (U.  S.  Weather  Rev.) 

Sept  24,  29.  At  San  Jos6,  Costa  Rica,  feeble  shocks  at  5 
A.  M.  and  6.55  p.  m.  of  24th,  and  at  7.45  A.  m.  and  7.15  p.  m.  of 
29th. 

Sept  29th  A  shock  about  6  P.  M.  at  San  Francisco  and 
Oakland,  Cal.,  from  N.E.  to  S.W. 

Oct  2.  At  6  P.  M.  a  severe  earthquake  occurred  in  the 
southern  part  of  San  Salvador,  Central  America.  The  village 
of  Jacuapa  was  nearly  destroyed  and  much  damage  was  done 
in  neighix>ring  places.  The  movement  lasted  over  forty  sec- 
onds and  was  from  southwest  to  northeast  Eruptions  were 
feared  from  the  neighboring  volcanoes,  and  advices  a  few  days 
later  report  great  activity  in  the  volcanoes  Izalco  and  Santa  Ana. 

. .    The  same  day  a  slight  shock  was  felt  in  Santiago 

de  Cuba.— (U.  S.  Weather  Rev.) 

Oct  4.  At  2.30  A.  M.  a  shock  was  felt  along  the  Hudson 
River  from  Marlborough  to  Peekskill,  N.  Y.,  a  distance  of 
about  twenty -five  miles.     It  was  sufficiently  violent  to  awaken 
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persons  and  at  some  places  was  accompanied  by  a  rumbling 
noise.     The  direction  was  north  to  south. 

Oct  9.  A  severe  earthquake  at  Manizales,  the  capital  of 
Antioquia,  United  States  oi  Columbia,  destroyed  over  a  hun- 
dred houses,  including  the  church,  hospital  and  city  buildings. 

Oct.  11.     At  San  Jos^,  Costa  Rica,  a  feeble  shock  at  5  P.  M. 

.     The  same  day  at  7.30  p.  m.  a  severe  shock  at  San 

Jos^,  Cal.,  accompanied  by  a  rumbling  noise.  The  vibrations 
were  north  and  south  and  lasted  thirty  seconds. — (U.  S.  Weather 
Rev.) 

Oct.  21.  At  5.40  p.  M.  two  shocks  from  north  to  south  at  Sac- 
ramento, Cal. — (U.  S.  Weather  Rev.) 

Nov.  11.  At  9.45  A.  M.  a  slight  shock  from  east  to  west  at  San 
Francisco. — (U.  S.  Weather  Rev.) 

Nov.  18.  A  shock  was  felt  at  St  Louis,  Cairo,  Memphis, 
Little  Rock  and  other  places  in  the  Mississippi  Valley.  The 
direction  was  generally  north  to  south.  The  time  was  reported 
by  the  U.  S.  Signal  Service  observer  at  Cairo  as  ll**  51*"  50» 
p.  M.  He  says,  "  a  trembling  was  felt,  lasting  forty  seconds, 
followed  by  a  rocking  motion  from  W.N.W.  to  E.S.E.  last- 
ing twenty  seconds,  and  a  second  trembling  lasting  ten  seconds." 
Another  slight  shock  was  felt  at  Cairo  at  5.10  A.  M.  of  the  19th, 
the  direction  of  which  was  also  W.N.W.  to  E.S.E. 

Nov.  23.     At  Murphy,  N.  C,  a  slight  shock  at  10  a.  m.  from 
west  to  east,  with  a  rumbling  noise. — (tT.  S.  Weather  Rev.) 
Princeton,  N.  J.,  Jan.  1,  1879. 


SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  Note  on  J,  C.  Draper^s  paper  ^^On  the  presence  of  Dark 
lanes  in  the  Solar  Spectrum  which  correspond  closely/  to  the  lines 
of  the  Spectrum  of  Oosygeny — The  paper  above  referred  to 
appeared  in  the  October  number  of  this  Journal.  A  cursory 
glance  at  it  gives  the  impression  that  the  methods  had  been  care- 
rally  criticised  beforehand,  that  the  experiments  had  been  made 
with  minute  accuracy  and  that  the  results  were  trustworthy ;  but 
closer  examination  of  it  raises  most  serious  questions  on  all  the 
points  mentioned.  Errors  of  method  and  of  experiment  appear 
which  make  it  quite  impossible  to  accept  the  conclusions  reached. 
It  is  the  purpose  of  this  note  to  point  out  some  of  these. 

In  the  first  place  the  author  throughout  the  paper  confounds 
Angstrdm's  scale  numbers  with  wave  lengths.  Thus,  for 
example,  p.  267,  he  says,  line  18,  the  photographs  were  "in 
sections  of  eighty  to  one  hundred  wave  lengths,"  line  24, 
"each  wave  length  being  five  millimeters  in  extent,"  and  line 
34,  "each  section  of  one  hundred   or  more  wave-lengths;"   p. 
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258,  line  24,  '^  Error  amounting  to  half  a  wave  length  could 
therefore  exist  in  the  position  of  a  line,  according  as  it  fell  on  one 
side  or  the  other  of  a  figure  on  the  scale  expressing  a  wave 
length;"  p.  259,  line  18,  one  iron  line  "to  every  eleven  wave 
lengths  was  used;"  p.  261,  line  18,  no  element  gives  "a  line 
within  two  or  three-tenths  of  a  wave  length  of  that  position ;" 
p.  264,  line  16,  "  no  other  element  ftimishes  a  line  which  falls  on 
the  same  wave  length."  In  proof  that  he  really  means  scale 
divisions,  he  gives  a  section  of  his  chart  on  p.  259,  and  says,  line 
38,  "On  the  first  space  below  the  line  is  the  scale  of  wave  lengths, 
each  wave  length  being  five  millimeters  in  extent ;"  and  p.  260, 
line  28,  "  in  the  eighteen  wave  lengths  represented  in  the  dia- 
gram." There  are  eighteen  scale  divisions  in  the  diagram,  each 
scale  division  being  five  millimeters  long.  Again,  p.  264,  refer- 
ring to  the  coincidence  of  oxygen  and  solar  lines  in  his  table,  he 
says,  line  2,  "  in  four,  the  diSlerence  is  only  five  one-hundredths 
of  a  wave  length ;  in  twenty-two,  ten  one-hundredths  of  a  wave 
length ;  in  four,  fifteen  one-hundredths  of  a  wave  length ;  in 
eleven,  twenty-one  one-hundredths  of  a  wave-length ;  and  in  the 
remainder,  the  greatest  difierence  is  only  thirty-five  one-hun- 
dredths of  a  wave  length."  Referring  to  the  table,  the  four  lines 
first  mentioned  are  given  as  8982-75,  40'75'50,  4345-15  and  4483*80; 
the  corresponding  oxygen  lines  being  given  as  3982*70,  4075*45, 
4345*20,  and  4483*75.  The  difference  is  obviously  five  one  hun- 
dredths of  a  scale  division,  not  of  a  wave  length.  From  the  fact 
that  this  error  runs  through  the  entire  paper,  it  would  almost 
seem  as  if  the  author  was  not  aware  of  the  distinction  between 
wave  lengths  and  scale  numbers.  Using  Angstr5m's  scale  he 
confuses  wave  lengths  with  ten  millionths  of  a  millimeter; 
whereas  in  the  case  of  D  for  example,  the  wave  length  is  nearly 
6,000  times  greater.  K  the  author  really  means  what  he  says, 
he  asserts  that  the  wave  length  of  the  mean  ray  of  the  spectrum 
is  one  two  hundred  and  fifty-millionth  of  an  inch  instead  of  about 
one  forty-thousandth,  as  we  know  it  is. 

Second,  the  author  deems  it  of  the  greatest  importance  in  the 
preparation  of  his  solar  photographs  to  use  reflected  rays  exclu- 
sively ;  saying,  p.  256,  last  hne,  "  at  no  time  did  the  solar  rays 
pass  through  glass  ;  all  error  that  might  arise  during  refraction 
was  thus  avoided."  After  this  virtual  condemnation  of  the  use  of 
refiraction  at  all,  he  not  only  uses  for  comparison  Angstrdm's 
wave  lengths  made  with  achromatic  lenses  and  a  refracting  gloat- 
ing, constructing  even  his  chart  upon  them  as  a  basis,  p.  258,  line 
7,  "the  values  assigned  to  the  wave  lengths  in  this  chart  are 
those  of  Angstr5m ;"  but  the  very  spectrum  of  oxygen  by  which 
the  coincidences  of  the  lines  of  this  element  with  those  of  the 
sun  spectrum  were  to  be  established,  was  photographed  with 
glass  prisms  and  achromatic  lenses. 

Third,  the  author  states  that  the  prisms  with  which  the 
spectrum  of  oxygen  was  photographed  were  adjusted  "to  the 
minimum  deviation  of  D'."     Supposing  D,  to  be  meant,  this 
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precaution,  which  ^ves  the  appearance  of  extraordinary  accuracy 
to  the  adjustment,  ib  practically  an  impossibility  with  the  appara- 
tus employed.  Minimum  deviation  of  the  D  line  as  a  whole  could 
not  under  these  circumstances  be  distinguished  from  that  of  either 
of  its  components,  nor  could  that  of  D^  be  distinguished  from  that 
of  Da-  Moreover,  it  is  difficult  to  understand  why  he  adjusts  to 
minimum  deviation  for  D'  and  not  for  G,  near  which  the  work 
is  to  be  done.  Instead  of  D',  the  line  for  which  his  apparatus 
was  adjusted  should  have  been  chosen  in  the  photographic  por- 
tion of  the  spectrum,  for  example  between  G  and  H. 

Fourth,  on  page  265,  line  25,  the  author  says  that  this  '*  is 
a  problem  not  to  be  solved  by  the  comparison  of  two  spectra 
of  small  dispersion."  Hence  it  is  a  matter  of  some  surprise 
to  find  that  in  getting  his  oxygen  spectrum,  he  uses  only  "  two 
flint  glass  prisms  of  60**"  and  for  objectives,  "  achromatics  of 
ten  inches  focus."  The  bright  line  spectrum  of  oxygen  taken 
by  Henry  Draper,  which  the  author  m  this  paper  inferentially 
attacks,  was  made,  as  we  find  on  examination,  with  a  direct 
vision  battery  of  nine  prisms  and  an  observing  telescope  of  forty- 
two  inches  focal  length.  The  original  negatives  taken  with  the 
latter  apparatus,  must  consequently  have  been  eight  or  nine  times 
as  long  as  the  author's ;  and  even  these  were  none  too  large  for 
the  proper  solution  of  the  question. 

Fifth,  the  author  seems  to  have  attempted  to  compare  together 
a  diffraction  spectrum  of  the  sun  with  a  prismatic  spectrum  of  oxy- 
gen. Such  a  comparison,  by  the  method  adopted  is  manifestly  of 
no  value.  Owing  to  the  irrationality  of  dispersion  of  various  refrac- 
tive media  it  is  an  extremely  difficult  thing  to  compare  accurately 
two  prismatic  spectra  of  different  kinds.  But  the  matter  rises  to  an 
absurdity  when  a  comparison  is  attempted  between  a  grating  spec- 
trum and  a  prism  spectrum.  The  graphic  method,  employed  to 
supplement  the  direct  method,  does  not  appear  to  help  the  com- 
parison, since  the  author  nowhere  gives  both  co5rdinates  to  the 
curve  constructed. 

Sixth,  it  is  more  than  questionable  whether  the  measurements  of 
the  solar  spectrum  lines  actually  made  by  the  author  are  capable  of 
the  accuracy  he  assigns  to  them.  The  values  in  his  table  of  wave- 
lengths are  given  to  one  hundredth  of  a  division  of  Angstrdm's 
scale.  As  the  author  says  on  page  257  that  each  division  of  this 
scale,  which  is  one  millimeter,  was  enlarged  to  five  millimeters 
upon  the  paper  scale  on  which  the  photographs  were  projected, 
to  measure  to  one  hundredth  of  a  scale-division  would  require  the 
measurements  on  the  screen  to  be  made  to  one-twentieth  of  a 
millimeter  or  the  one  five-hundredth  of  an  inch,  about ;  a  degree 
of  refinement  highly  improbable  under  these  conditions.  More- 
over the  accuracy  of  the  results  of  such  measurements  is  seriously 
impaired  by  the  variation  in  the  position  of  the  lines  on  the 
screen,  due  to  the  fact  that  the  large  number  of  negatives  (eight 
or  nine  apparently),  required  to  give  the  whole  photographic 
spectrum,  must,  unless  special  precaution  was  taken  (of  wnich 


Digitized  by 


Google 


Chemistry  and  Physics.  166 

there  is  no  evidence),  have  been  made  with  glass  of  different 
thicknesses.  When  projected  in  the  lantern,  this  variation  in 
thickness  wonld  necessitate  a  change  in  focus  and  so  cause  a  change 
in  the  magnifying  power.  The  smaller  sizes  of  photographic 
glass  varv  in  thickness  from  one  to  two  millimeters.  Conse- 
quentlv  the  displacement  of  the  lines  due  to  the  difference  of 
magnifying  power  arising  from  this  cause  would  exceed  consider- 
ably the  limit  of  measurement,  which,  as  above  stated,  was  the 
one  five-hundredth  of  an  inch.  But  another  and  a  more  serious 
cause  of  inaccuracy  must  here  be  pointed  out.  From  the  data 
given  by  the  author,  it  may  readily  be  calculated  that  his  original 
photographs  of  the  oxygen  spectrum,  taken  with  two  prisms  of 
60°  and  with  lenses  of  ten  inches  focus,  could  not  have  been  over 
half  an  inch  long  in  the  region  from  G  to  H.  Since  Angstrdm's 
chart  from  G  to  H  is  sixteen  inches  long,  the  author^s  spectrum 
would  have  to  be  magnified  thirty-two  times  to  make  it  the  size 
of  this.  But  as  each  millimeter  of  Angstrom's  scale  was  made 
five  millimeters  on  the  author's  scale  of  measurement,  the  original 
negative  as  thrown  on  the  screen  must  have  been  magnified  one 
hundred  and  sixty  diameters.  Any  one  who  has  worked  at  all  in 
spectrum  photography,  knows  that  it  is  utterly  futile  for  purposes 
of  measurement,  to  magnify  a  photograph  taken  under  tnese  cir- 
cumstances, as  much  as  this,  since  then  the  size  of  the  silver 
grains  becomes  larger  than  the  details  of  the  picture.  In  the 
absence  of  any  precise  statement  the  reader  has  to  make  the  cal- 
culation for  himself;  but  the  figures  above  given  cannot  be  far 
astray. 

Seventh,  there  is  only  an  appearance  of  accuracy  when  the 
attempt  is  made  to  fix  the  position  of  the  oxygen  spectrum  lines  to 
hundredths  of  one  of  Angstr5m's  scale  divisions.  The  projection 
method  by  which  the  solar  lines  were  measured,  has  already  been 
proved  inadequate.  And  as  to  the  method  of  graphical  interpola- 
tion, used  as  auxiliary  to  the  lantern,  it  does  not  appear  that  as 
used  by  the  author,  it  was  capable  of  any  such  accuracy  as  that 
claimed.  In  constructing  the  curve,  the  iron  lines  are  taken  with 
Angstrdm's  values  for  the  wave-lengths ;  but  these,  though  esti- 
mated to  tenths  were  read  only  to  whole  divisions  of  the  scale. 
Moreover,  only  forty-seven  iron  lines  were  used  in  all,  or  one  to 
every  eleven  scale  divisions;  the  reading  being  to  one  one- hun- 
dredth of  a  scale  division,  or  1,100  numbers  to  one  iron  line. 
Since  the  author  measured  no  wave-lengths  directly,  he  was 
obliged  to  construct  a  considerable  "  portion  of  the  curve  from  the 
wave-lengths  of  oxygen  and  air  lines  already  given  by  various 
authorities."  These  values  were  taken,  page  258,  from  Watts' 
Index  of  Spectra.  On  referring  to  this  book,  the  values  are 
given  only  to  the  units  place.  And  even  then,  discrepancies 
amounting  to  from  three  to  five  entire  units,  or  from  three  hun- 
dred to  five  hundred  times  the  author's  limit,  appear  in  the  wave- 
length as  given  by  the  various  authors  relied  on  for  the  measure- 
ments employed  in  the  paper  before  us. 
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Eighth,  the  author  nowhere  states  the  peculiar  character  of  the 
lines  in  the  oxygen  spectrum  and  appears  not  to  know  that  they 
have  any.  lie  has  apparently  taken  it  for  granted  that  the  lines 
of  oxygen  are  intrinsically  as  sharp  as  the  lines  of  the  solar  spec- 
trum. But  this,  at  least  in  many  instances,  is  known  not  to  be 
the  case.  Consequently  it  is  quite  impossible  to  measure  the 
oxygen  lines  as  accurately  as  the  solar  lines,  and  even  these  as 
has  been  shown  cannot  be  measured  to  the  accuracy  which  the 
author  claims.  Angstrdm  himself  admits  that  there  may  be  an 
error  of  one-tenth  of  a  division  in  his  scale  numbers. 

It  would  seem  sufficiently  obvious  from  what  has  been  said  that 
the  results  given  in  this  paper  are  entirely  vitiated  by  the  errors 
of  method  and  of  experiment  which  it  contains.  The  author  must 
not  be  confounded,  because  of  the  similarity  of  initials,  with  the 
distinguished  investigator.  Dr.  J.  W.  Draper.  g.  f.  b. 

2.  On  the  Influence  of  Pressure  on  Chemical  Action, — Berthe- 
I.0T  calls  attention  to  the  results  of  Pictet's  experiments  on  the 
liquefaction  of  oxygen  and  hydrogen  as  illustrating  his  thermo- 
chemical  views.  The  decomposition  of  potassium  chlorate  into 
oxygen  and  potassium  chloride,  as  he  has  proved,  is  an  exothermic 
reaction  not  limited  by  its  inverse ;  hence  it  is  not  arrested  by  a 
pressure  of  320  atmospheres.  In  fact  the  reaction  KC10,= 
KCl-f-O,,  according  to  Bertbelot's  measures,  evolves  at  the  ordi- 
nary temperature  11  calories.  About  400**,  the  chlorate  being 
melted  and  the  chloride  solid,  this  quantity  can  only  be  increased. 
The  same  is  true  of  the  action  of  potassium  hydrate  upon  the  for- 
mate, the  reaction  by  which  Pictet  prepared  his  hydrogen ;  the 
gas  continuing  to  be  evolved  even  under  a  pressure  of  over  600 
atmospheres.  This  reaction  is  also  exothermic  and  not  limited  by 
its  inverse ;  the  transformation  represented  by  the  equation 

KCHO,-t-KOH=K,CO,-t-H, 
evolving  at  the  ordinary  temperature  18*4  calories.  At  400**  or 
500**  all  the  bodies  being  supposed  melted,  the  heat  evolved  would 
not  be  altered ;  because  the  heats  of  fusion  of  known  salts  do  not 
exceed  four  calories  and  the  initial  system  has  two  melted  mole- 
cules, the  final  system  has  only  one.  Exothermic  reactions  then 
continue  whatever  be  the  pressure ;  but  it  is  probable  that  their 
velocity  is  changed  and  perhaps  the  temperature  at  which  they 
take  place. — Ann,  Chinu  Phys,,  V,  xv,  149,  Oct.,  1878.     g.  f.  b. 

3.  On  the  S^yecljic  Heat  atid  the  Seat  of  Fimlon  of  Gallium, — 
Berthelot  has  detei-rained  the  specific  heat  and  the  heat  of  fusion 
of  gallium  from  an  ingot  weighing  34  grams,  placed  in  his  hands 
by  Lecoq  de  Boisbaudran.  The  specific  heat  of  this  metal  was 
determined  in  the  author's  water  calorimeter,  by  the  usual  methods. 
Two  experiments,  made,  the  one  between  119°  and  30°  the  other 
between  106°  and  12-5°,  gave  as  the  specific  heat  of  liquid  gallium 
(the  melting  point  beiiig  30°,  but  the  state  of  surfusion  continuing 
to  near  zero)  00802.  Tiie  specific  heat  of  solid  gallium  between 
23°  and  12°,  was  found  to  be  0*079.  If  the  latter  measurements 
be  made  too  near  the  ftising  point,  the  value  obtained  is  too  high. 
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The  heat  of  fusion  of  gallium  was  determined  by  introducing  a 
crystal  into  the  surfiised  metal  The  whole  crystallized  at  once, 
and  evolved  heat  which  was  measured.  At  13®,  the  mean  value 
for  a  unit  of  weight  was  lO'll  gram-degrees,  the  number  remain- 
ing sensibly  the  same  between  30**  and  0°,  because  of  the  close 
agreement  of  the  two  specific  heats.  Referred  to  the  atomic 
weight,  69*9,  the  heat  of  fusion  is  1*33  kilogram-degrees  or  calories. 
The  close  correspondence  of  the  two  specific  heats  of  gallium  taken 
at  nearly  the  same  temperature,  is  true  also  of  mercury,  lead,  tin 
and  bismuth.  The  atomic  heat  of  gallium  in  the  liquid  state  is 
69-9X0-0802=5-69;  in  the  solid  69*9 X0-079=6-52.—^wn.  Chim. 
Fhys.,  V,  XV,  242,  Oct.,  1878.  G.  F.  B. 

4.  On  the  Occurrence  of  Ytterhia  in  Sipylite, — ^The  mineral 
called  sipylite  was  described  by  Mallet  as  a  new  niobate,  as 
occurring  in  Amherst  county,  Virginia,  associated  with  allanite.* 
An  analysis  was  made  of  it  by  Brown  in  his  laboratory,  who  found 
that,  among  other  things,  it  contained  28  per  cent  of  earths  sup- 
posed to  be  erbia  and  yttria  in  the  ratio  of  27  to  1.  At  the  re- 
quest of  Delafontaine,  a  portion  of  this  mixture  of  earths  was 
sent  to  him  by  Mallet.  Its  pale  yellow  color  indicated  to  him  the 
presence  of  terbia  or  philippia,  if  not  of  both.  But  the  feebleness 
of  its  absorption  spectrum,  and  the  very  weak  rose  color  of  its 
nitrate  and  oxalate  led  him  to  believe  that  if  no  error  had  been 
made  in  determining  the  atomic  weight,  a  new  metal  was  present. 
The  quantity  of  material  being  too  small  to  decide  the  question, 
he  succeeded  in  separating  some  sipylite  from  some  allanite  in  his 
possession.  From  this  a  pale  yellow  earth  was  obtained,  the 
nitrate  of  which  showed  in  the  spectroscope  small  quantities  of 
erbia  and  philippia.  But  the  high  atomic  weight  127  or  128, 
taken  together  with  the  weakness  of  its  spectrum,  indicated  that 
the  earth  was  new.  By  several  partial  decompositions  of  the 
nitrate,  a  feebly  colored  base  was  obtained,  having  an  atomic 
weight  near  134,  giving  colorless  salts,  yielding  a  sulphate  like 
that  of  yttria,  and  crystallizing  easily,  a  formate  crystallizing  in 
mamillated  masses,  and  a  double  sulphate  with  potassium  easily 
soluble  in  a  concentrated  solution  of  potassium  sulphate.  While 
he  was  looking  for  a  name  for  the  new  earth,  the  description  of 
Marignac's  ytterbia  appeared,  the  characteristics  of  which  accord 
so  well  with  that  of  his  new  earth  as  to  leave  no  doubt  of  their 
identity.  The  discrepancy  in  atomic  weight  will  be  settled  by 
new  determinations. —  C.  Jx.,  Ixxxvii,  933,  Dec,  1878.      g.  f.  b. 

5.  Upon  the  development  of  Electricity  as  the  equivalent  of 
chemical  processes, — In  this  paper  H.  F.  Braun  discusses  the  equiv- 
alence of  heat  and  work,  and  electricity  developed  by  heat  and 
work.  Some  of  his  conclusions  bear  directly  upon  the  question  of 
dynamo-electric  machines,  lie  proves  that  with  electricity  of  high 
tension,  the  per  cent  of  potential  electric  energy  which  is  con- 
verted into  work  is  less,  the  greater,  under  like  conditions,  the  ten- 
sion is:  That  heat  never  can  be  wholly  converted  into  electricity  ; 

♦  This  Journal,  Til,  xiv,  297,  Nov.,  1877. 
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but  only  to  the  same  degree  to  which  it  can  be  also  converted 
into  work. 

If  placing  the  three  quantities  in  this  order:  (1)  Electrical 
potential  energy ;  (2)  Mechanical  work ;  (3)  Heat.  We  have : 
1  can  be  entirely  transformed  into  2  and  into  3 ;  2  can  be 
entirely  changed  into  3  but  only  partly  into  1 ;  3  in  general, 
can  never  be  entirely  transformed  into  2  or  into  1.  The  remain- 
der of  the  paper  contains  the  application  of  the  foregoing  laws  to 
the  theory  of  the  Voltaic  cell — Wiedeman^a  Ann.  der  Phyaik  und 
Chemiey  1878,  No.  10,  p.  182.  j.  t. 

II.  Geology  and  Mineralogy. 

1.  l^he  Loess  of  Minnesota  ;  by  N.  H.  Winch  ell.  The  follow- 
ing facts  are  taken  from  the  Sixth  Annual  Report  (for  the  year 
1877)  of  the  Geological  and  Natural  History  Survey  of  Minne- 
sota, under  Professor  N.  H.  Winchell. — That  the  loess  deposit  is 
the  result  of  widespread  diffusion  of  fresh  water,  at  the  time  of 
the  last  Glacial  epoch  over  those  surfaces  either  drift-covered  or 
not,  which  were  not  at  the  time  affected  by  the  glacier  movement , 
is  highly  probable ;  but  what  the  peculiar  circumstances  and 
causes  of  such  gentle  diffusion  of  nearly  tranquil  waters  were,  it 
is  not  yet  possible  satisfactorily  to  detail.  The  loess  is  found  in 
all  parts  of  liamsey  County,  but  it  varies  in  thickness  and  in  com- 
position. It  is  thin  or  wholly  wanting  in  some  rolling  gravelly 
tracts,  and  is  very  thick  in  some  confined  valleys.  It  is  sandy,  or 
graduates  downward  into  sand,  in  much  of  the  northern  part  of 
the  county,  particularly  in  Rice  Creek  valley,  and  in  some  places 
in  the  bluffs  of  the  ^lissi88ippi  below  St.  Paul,  and  it  is  fine  and 
somewhat  clayey  in  the  high  and  rolling  clay  tract  in  the  eastern 
part  of  the  county,  particularly  in  the  eastern  part  of  New 
Canada.  It  forms  a  very  fine  soil  for  farm  crops.  It  covers  the 
bowlders  and  gravelly  clay  of  the  real  drift.  It  fills  some  old 
valleys— indeed  is  always  thicker  in  valleys  than  on  the  uplands. 
It  is  occasionally  stratified  and  passes  into  sand  below  in  places 
where  agitated  water  was  abundant  enough  to  have  moved  such 
materials  before  the  epoch  of  the  loam.  In  other  cases  it  is 
placed  abruptly  immediately  over  a  coarse,  gravelly  or  bowlder- 
bearing  stratum. 

In  the  southwestern  corner  of  the  State  (Rock  and  Pipestone 
Counties)  there  is  a  gradual  change  from  stony  bowlder-clay  to 
loBSs,  horizontally,  in  passing  from  the  Coteau  de  Prairie  (in  Lyon 
and  Murray  Counties)  southward  to  the  Iowa  State  line. 
Exposures  along  the  banks  of  creeks,  and  the  digging  of 
wefts,  make  this  plain.  There  is  a  gradual  loss  of  bowlders, 
then  of  the  small  stones,  then  of  gravel;  and  an  equally 
gradual  increase  of  the  characteristic  features  of  the  loess, — 
close,  clayey  consistency,  crumbling  in  the  air  like  slacking 
quicklime,  and  white  limy  concretions,  in  some  oases  the  con- 
cretions which  have  been  so  often  mentioned  as  a  peculiarity  of 
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the  loess,  are  in  the  same  deposit  with  small  gravel  stones  of 
northern  origin;  and  pieces  of  northern  limestone.  The  drift 
clay,  true  northern  bowlder  clay,  the  product  of  glaciers,  thus 
changes  gradually  into  a  true  loess,  the  product  of  aqueous  agen- 
cies. While  this  indicates  for  that  locality,  at  least,  a  merging 
of  one  force  into  the  other,  and  the  slowness  of  the  change, 
through  an  interval  of  about  fifty  miles  in  a  broad,  level,  open 
country,  it  perhaps  gives  the  key  to  the  events  that  occurred  in 
other  latitudes  wnere  the  surface  was  more  broken,  and  where  the 
effects  are  more  complicated  by  not  having  all  the  steps  recorded. 
Just  as  in  the  older  geological  formations,  wherever  the  series  is 
complete,  without  sudden  transitions,  the  history  is  best  known, 
so  in  the  history  of  the  drift,  where  the  effects  change  gradually, 
are  the  records  of  "  lost"  epochs,  and  these  "  beds  of  transition" 
need  the  closest  scrutiny,  being  the  only  evidence  of  what  trans- 
pired between  formations  which  in  other  regions  pass  abruptly 
from  one  to  the  other.  This  here  indicates  that  the  age  of  the 
loess  was  cotemporary  with  that  of  the  bowlder  clay  in  the  Coteau 
de  Prairie.  There  must  be  some  explanation  given  for  the  coex- 
istence of  these  forces  which  spread  the  loam  and  those  which 
brought  the  glacial  dirft.  In  other  words,  if  the  loam,  which  is 
sometimes  a  laminated  clay,  be  regarded  as  the  equivalent  in  age 
of  the  fine  laminated  clays  of  the  great  lakes  and  of  other  high- 
water  marks  in  the  northwest,  which  have  been  referred  to  a  dis- 
tinct "  epoch"  by  Dana  and  others  (the  Champlain),  then  that 
epoch  was  not  subsequent  in  time  to  the  Glacial  epocn  but  cotem- 
porary with  it,  and  its  phenomena  differ  from  those  of  the  last 
Glacial  epoch  because  they  have  been  studied  at  distant  points 
where  they  are  contrasted,  and  where  the  glacial  winter  operated 
differently.  Where  there  is  an  immediate  succession  of  super- 
position, that  fact  in  the  drift  does  not  imply  immediate  succes- 
sion in  time  any  more  than  it  does  in  the  Silurian  rocks,  a  fact 
which  has  been  ignored  many  times ;  and  hence  have  resulted  a 
great  many  special  histories  and  theories.  The  loess,  for  instance, 
Ees  on  the  older  drift  clay  all  along  the  Mississippi  valley,  and 
has  generally  been  taken  to  prove  an  immediate  transition  from 
the  drift-epoch  to  the  loam-epoch,  when  really  a  long  period  of 
time,  involving  forest  growths  and  the  slow  on-coming  of  a  Gla- 
cial epoch,  intervened,  the  loam  itself  passing  horizontally  into 
the  glacial  deposits  of  that  epoch. 

So  in  Plamsey  County  the  loam  has  been  seen  to  follow  by 
insensible  gradations  from  a  sand  or  even  a  fine  gravel,  the  change 
here  taking  place  perpendicularly.  In  this  case  the  coarser 
deposit  below  was  the  result  of  more  copious  and  more  agitated 
water,  as  in  the  bluff-terraces  below  St.  Paul,  or  in  the  washed 
materials  in  the  western  part  of  Reserve  township,  and  the  loam 
the  result  of  the  diminution  and  more  quiet  state  of  the  same 
waters.  Thus,  if  the  waters  which  overspread  and  washed  the 
old  drift  and  formed  the  gravelly  terraces  of  the  Mississippi  came 
from  the  ice-fields  of  a  contemporary  glacier  lying  further  north. 
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then  the  waters  which  spread  the  loam,  a  finer  deposit,  also  came 
from  the  same  source,  operating  a  little  later,  and  with  diminished 
force. 

2.  Systematic  Geology  of  the  ^Oth  ParcUlel ;  by  Clarence 
King.* — The  following  are  citations  from  one  of  the  chapters  in 
this  valuable  volume ;  it  is  entitled  "  Resume  of  Stratigraphical 
Geology,"  and  gives  some  of  the  geological  conclusions  reached 
by  the  author. 

In  the  120,000  feet  of  sedimentary  accumulations  the  grander 
divisions  of  Archaean  or  Azoic,  Palseozoic,  Mesozoic,  and  Cenozoic 
are  distinctly  outlined  by  divisional  periods  of  marked  unconform- 
ity. Considered  as  a  whole,  there  is  a  noteworthy  fullness  in  the 
geological  column.  None  of  the  important  stratigraphical  time- 
divisions  are  wanting  except  those  obscure  intermediate  deposits 
which  in  other  countries  lie  between  the  base  of  the  Cambrian  and 
the  summit  of  the  crystalline  Archaean  series.  From  the  first  of 
Cambrian  age  to  the  present  every  important  interval  of  time  is 
recorded  in  the  abundant  gathering  of  sediments,  which  are  with 
singular  fullness  characterized  by  appropriate  and  typical  life- 
forms. 

As  in  all  other  geological  fields,  the  most  important  interruption 
of  the  continuity  of  deposit  was  at  the  close  of  the  Archaean  age, 
and  the  most  striking  difference  between  any  two  successive  groups 
of  rocks  is  that  which  characterizes  the  relations  of  the  Archaean 
and  the  Palaeozoic.  With  the  exception  of  a  few  slates  of  sup- 
posed Huronian  age,  which  the  microscope  shows  to  be  richly 
charged  with  crystallites,  all  the  non-eruptive  Archaean  rocks  have 
passed  from  the  original  condition  of  detrital  beds  into  sheets  or 
bodies  of  distinctly  crystallized  material. 

Not  only  are  the  Archaean  exposures  of  such  frequency  over  the 
Fortieth  Parallel  area  as  to  insure  a  moderately  complete  knowl- 
edge of  stratigraphical  sequence  and  materials  of  the  period,  but 
also,  owing  to  the  relations  which  have  been  described  with  the 
overlying  Palaeozoic,  I  am  able  to  reconstruct  with  considerable 
accuracy  the  topographical  configuration  of  the  Archaean  surface. 
Supposing  all  the  post-Archaean  rocks  to  be  removed,  and  consid- 
ering what  we  now  know  of  the  whole  area  at  the  close  of  the 
Archaean  age,  the  first  prominent  fact  is,  that  coextensive  with 
the  greater  part  of  the  Cordilleras — that  is,  from  longitude  104° 
westward  as  far  as  the  Archaean  exposures  extend — was  a  great 
Archaean  mountain  system  built  up  of  at  least  two  sets  of  noncon- 
formable  strata,  referred  to  Laurentian  and  Huronian ;  the  lower 
and  older  composed  of  granitoid  gneisses  chiefly  made  up  of 
quartz  and  orthoclase,  but  carrying  a  little  mica,  sparing  triclinic 
feldspars,  and  chlorite  pseudomorphous  after  garnet  and  mica. 

Over  these,  whether  with  actual  conformity  or  not  is  undeter- 
mined, lies  an  enormous  series  of  mica  gneisses  rich  in  quartz  and 
biotite,  orthoclase  ordinarily  exceeding  plagioclase.  The  earlier 
aplitic  gneisses  and  the  later  mica  gneisses  expose  about  25,000 
feet  each  of  conformable  beds. 

*  See  the  preceding  number  of  this  Journal,  page  66. 
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A  third  group,  nonconformable  with  the  earliest  aplitic  series, 
the  relations  with  the  intermediate  mica-gneiss  series  being  un- 
known, consists  of  mica  and  hornblende  schists  passing  upward 
into  slates,  quartzites,  limestones,  and  dolomites.  ♦  ♦  * 

Upon  grounds  set  forth  in  Section  IV  of  Chapter  IT  it  is  clear 
that  the  general  topography  prior  to  the  deposition  of  the  earliest 
Cambrian  rocks  was  that  of  a  great  mountain  system,  displaying 
lofty  ranges  made  of  crumpled  strata,  enormous  precipices,  a  result 
of  mechanical  dislocation,  and,  finally,  a  type  of  high  mountain 
sculpture  of  such  broad,  smooth  forms  as  to  warrant  the  belief 
that  subaSrial  erosion  had  never  carved  and  furrowed  the  mount- 
ain flanks  with  the  sharp  ravines  characteristic  of  modern  mount- 
ain topography.  East  of  the  Rocky  Mountains,  in  the  geological 
pro\'ince  of  the  Great  Plains,  there  are  no  Archaean  outcrops ;  and 
when  we  consider  the  comparative  thinness  of  the  later  sedimen- 
tary beds  superposed  over  that  region,  the  absence  of  outcropping 
Archaean  masses  piercing  through  the  latter  sediments  is  excellent 
proof  that  over  that  area  Archaean  mountain  ranges  did  not  exist. 
This  is  important  as  deflnin^  the  Archaean  Cordilleras  within  the 
limits  of  tne  modem  Cordilleras,  or,  as  is  a  more  strictly  correct 
view,  the  Archaean  Cordilleras  have  determined  not  only  the  gen- 
eral area  but  much  of  the  local  detailed  structure  of  the  modern 
Cordilleras. 

The  topographical  features  of  the  present  terrestrial  surface  are 
far  less  grand  than  the  Archaean  orography.  The  great  Archaean 
precipices  brought  to  light  in  Uinta  and  Wahsatch  ranges  are 
absolutely  unparalleled  in  the  topography  of  to-day.  ♦  *  * 

There  is  always  a  complete,  sharp,  unmistakable  nonconformity 
between  the  crystalline  Archaean  topography  and  the  superjacent 
sediments. 

Considered  as  a  whole,  the  Palaeozoic  series  constituted  a  con- 
formable body,  laid  down  over  the  rugged  Archaean  mountain 
system.  It  first  appears  in  the  region  of  the  Rocky  Mountains 
with  a  total  thickness  of  about  a  thousand  feet,  the  strata  sur- 
rounding and  abutting  against  permanent  Archaean  islands,  which, 
during  the  whole  Palaeozoic  and  Mesozoic,  were  lifted  above  the 
level  of  deposition.  Throughout  all  Palaeozoic  time  only  1,000 
feet  of  strata  accumulated  over  our  part  of  the  Rocky  Mountains, 
and  we  get  no  glimpses  of  deeper  hollows  in  which  lower  Cambrian 
beds  might  have  been  deposited.  Passing  westward,  the  series 
gradually  thickens  to  82,000  feet  in  the  region  of  the  Wahsatch 
and  about  40,000  feet  at  the  extreme  western  Palaeozoic  limit, 
longitude  117°  30',  where,  from  the  evidences  of  shore-phenomena, 
and  the  non-continuation  of  the  beds  westward,  we  are  warranted 
in  assuming  the  Palaeozoic  coast.  ♦  *  ♦ 

Viewed  regardless  of  the  age  of  the  individual  beds,  the  Palae- 
ozoic series  can  be  divided  by  the  character  of  their  materials 
into  four  great  groups.  The  first  is  a  purely  detrital  Cambrian, 
which,  although  of  comparatively  fine  sediments,  in  the  presence 
of  occasional  conglomerates  gives  evidence  of  repeated  subsidence. 
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The  second  group  is  the  great  limestone  series,  beginning  with 
the  Pogonip  Cambrian  limestone,  and  extending  upward  to  the 
top  of  the  Lower  Coal  Measures  for  1 1,000  feet,  only  interrupted, 
in  the  horizon  of  the  Lower  Devonian,  by  a  sheet,  from  1,000  to 
2,000  feet  thick,  of  fine  quartzitic  detritus.  This  enormous  group 
of  11,000  feet  of  limestone,  characterized  by  abundant  pelagic 
faunse  ranging  from  the  Primordial  to  the  top  of  the  Lower  Coal 
Measures,  represents  in  general  an  age  of  deep  seas.  *  *  * 

At  the  close  of  the  deep-sea  lime-period  came  a  third  great 
stratigraphical  division  of  the  Palaeozoic  —  Weber  quartzite  —  a 
body  of  pure  siliceous  detritus  from  6,000  to  10,000  feet  in  thick- 
ness, characterized  by  conglomerates  both  in  the  near  neighbor- 
hood of  the  granitic  islands  and  close  to  the  Nevada  shore. 

This  is  immediately  succeeded  by  the  fourth  group  or  Upper 
Coal  Measure  limestone,  a  body  about  2,000  feet  thick  of  strictly 
pelagic  material 

The  whole  Palaeozoic,  therefore,  may  be  summed  up  as  to  its 
material  as  two  periods  of  mechanical  detritus,  interrupted  by 
one  and  followed  by  another  period  of  deep-sea  lime-formation. 
While  in  the  conglomerates  which  appear  in  all  the  siliceous 
members  of  the  series  we  have  evidence  of  episodes  of  shallow 
waters,  yet  the  occurrence  of  13,000  feet  of  limestone  indicates 
enormous  intervals  of  the  continued  sway  of  profound  ocean.  *  * 

After  the  close  of  this  great  conformable  Palaeozoic  deposition, 
wide-spread  mechanical  disturbance  occurred,  by  which  the  land 
area  west  of  the  Nevada  Palaeozoic  shore  became  depressed,  while 
all  the  thickest  part  of  the  Paljeozoic  deposits  from  the  Nevada 
shore  eastward  to  and  including  the  Wahsatch,  rose  above  the 
ocean  and  became  a  land  area.  Between  the  new  continent  and 
the  old  one  which  went  down  to  the  west,  there  was  a  complete 
change  of  condition.  The  land  became  ocean ;  the  ocean  became 
land.  In  the  rising  of  the  Palaeozoic,  however,  the  elevation  pro- 
ceeded no  farther  eastward  than  the  Wahsatch.  East  of  that 
point,  the  Upper  Carboniferous  beds  were  still  the  undisturbed 
ocean-bottom ;  but  instead  of  receiving  sediments  either  from  the 
destruction  of  organic  life  within  the  ocean  area  or  from  the  dis- 
tant continental  sources  to  the  west,  the  newly  elevated  land- 
mass,  extending  from  the  Wahsatch  west  to  117°  30',  became  the 
area  from  which  was  derived  the  post-Carboniferous  detritus  to 
form  the  great  Mesozoic  series  that,  east  of  the  Wahsatch,  were 
laid  down  conformably  upon  the  still  submerged  and  still  undis- 
turbed Carboniferous. 

Upon  the  western  side  of  the  new  land-mass,  the  Archaean  con- 
tinent, having  gone  down,  made  a  new  ocean-bottom,  and  upon 
this  immediately  began  to  accumulate  all  the  disintegration-prod- 
ucts of  the  new  land-mass  which  the  westward  draining  rivers  and 
the  ocean  waves  were  able  to  deliver.  Throughout  the  Triassic 
and  Jurassic  periods  the  western  ocean  was  accumulating  its  enor- 
mously thick  group  of  conformable  sediments  upon  an  Archaean 
floor,  while  east  of  the  Wahsatch,  in  the  mediterranean  ocean,  the 
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sediments  of  the  Trias  and  Jura  were  acciimulating  conformably 
apon  the  Carboniferous ;  until,  at  the  close  of  the  Jurassic  age, 
there  had  accumulated  in  the  western  sea  20,000  feet,  and  in  the 
mediterranean  sea  3,800  feet,  of  Triassic  and  Jurassic  material 

The  comparison  of  the  Trias-Jura  series,  in  these  two  separated 
seas,  shows  two  things :  first,  that  the  western  sea  was  very  deep 
during  the  Trias ;  secondly,  that  the  mediterranean  was  shallow 
during  the  Trias.  *  *  * 

At  the  close  of  the  Jurassic  age,  the  western  ocean,  with  its 
original  floor  of  Archasan  ranges  overlaid  by  twenty  thousand  feet 
or  more  of  conformable  Trias-Jura  sediments,  suffered  abrupt  oro- 
graphical  uplift,  resulting  in  the  formation  of  a  series  of  sharp 
folds  and  elevating  a  portion  of  the  ocean  area,  extending  from 
the  eastern  shore  outward  and  westward  as  far  as  the  present 
west  base  of  the  Sierra  Nevada,  making  an  addition  to  the  conti- 
nent of  200  miles,  the  Sierra  itself  constituting  the  most  western 
and  most  elevated  of  the  newly  formed  mountain  ranges.  *  *  * 

While  this  powerful  dynamic  action  was  taking  place  on  the 
west  side  of  the  land  area,  there  still  remained,  so  far  as  upheaval, 
subsidence,  or  folding  is  concerned,  a  complete  calm  in  the  region 
east  of  the  Wahsatch.  The  uppermost  shaly  members  of  the  Ju- 
rassic from  the  Wahsatch  out  to  Kansas  are  immediately  conform- 
ably overlaid  by  the  basal  members  of  the  Cretaceous.  *  *  * 

During  Cretaceous  time  the  mediterranean  ocean  stretched 
from  the  eastern  base  of  the  Wahsatch  into  Kansas ;  and  over  the 
entire  bottom  of  that  body  of  water,  with  the  exception  of  a  few 
Archaean  islands,  which  were  still,  as  they  had  been  throughout 
the  previous  ages  since  the  beginning  of  the  Cambrian,  lifted 
above  the  plane  of  deposition,  a  continuous  conformable  sheet  of 
Cretaceous  sediments  was  laid  down.  Its  greatest  thickness  was 
against  the  western  shore  of  the  ocean,  namely,  aeainst  the  eastern 
base  of  the  Wahsatch,  where  conformably  over  the  top  of  the  Ju- 
rassic shales  are  about  12,000  feet  of  Cretaceous  beds.  Passing 
eastward,  this  series  in  the  province  of  the  Great  Plains  near  the 
eastern  base  of  the  Rocky  Mountain  system  has  thinned  to  4,600 
or  5,000  feet,  and  in  western  Kansas  it  reaches  its  thinnest  devel- 
opment as  described  by  the  Geological  Survey  of  that  State.  *  *  * 

Throughout  the  whole  Cretaceous,  below  the  top  of  the  Fox 
Hill,  the  molluscan  fossils  are  invariably  marine,  with  the  excep- 
tion of  certain  intercalated  groups  of  purely  fresh-water  shells 
near  the  region  of  the  Wahsatch,  which,  from  their  position  close 
to  the  Cretaceous  ocean  shore,  are  evidently  the  in-washings  of  a 
fluviatile  fauna. 

Regarded  as  a  whole,  the  basal  member  is  a  single  sheet  of  sili- 
ceous sediments  and  rounded  conglomerates  from  300  to  600  feet 
thick.  Over  this  lies  the  great  Colorado  group,  2,000  feet  thick  in 
the  west,  1,000  feet  thick  in  the  re^on  of  the  Great  Plains,  made  up 
chiefly  of  fine  calcareous  and  argillaceous  material,  which  toward 
the  middle  of  the  group  is  prominently  formed  of  marles  or  lime- 
stones. 

Am.  Jodr.  Sol— Third  Ssribs,  Vol.  XVIL— No.  98,  Feb.,  1879. 
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Above  the  horizon  of  the  Colorado  group,  the  Fox  Hill  and 
Laramie  are  essentially  of  sandstones,  about  9,000  feet  in  thick- 
ness in  tie  region  of  the  Wahsatch,  about  3,000  feet  in  the  region 
of  the  Great  Plains.  At  the  very  summit  of  the  uppermost  or 
Laramie  group  are  found  Dinosaurs.  The  fauna  up  to  the  base 
of  the  Laramie  is  strictly  marine.  The  Laramie  itself  carries  the 
remains  of  an  estuarial  or  brackish-water  life,  associated  with 
strictly  Mesozoic  Saurians.  With  the  close  of  the  Cretaceous  the 
conformable  series  of  marine  and  estuarial  deposits  east  of  the 
Wahsatch  come  to  an  end,  and  the  last  moments  of  deposition  were 
immediately  followed  by  one  of  the  most  important  orographical 
movements  of  the  whole  Cordilleran  history. 

From  the  eastern  base  of  the  Tlocky  Mountains  to  the  eastern 
base  of  the  Wahsatch  the  whole  region  was  thrown  either  into 
wide  undulations  or  sharp  folds.  So  great  a  range  as  the  Uinta, 
with  its  distinct,  broad,  flat  anticlinal,  was  mMe  at  this  period. 
Relatively  to  the  present  basin  of  the  Colorado,  the  whole  chain 
of  the  Rocky  Mountains  was  elevated  so  as  to  define  a  broad, 
shallow  depression,  which  now  includes  the  waters  of  Colorado 
River.  Powerful  and  important  as  this  orographical  movement 
was,  it  failed  to  disturb  the  coast  deposits  of  the  Pacific  in  Cali- 
fornia; but  from  reasons  already  given  it  seems  probable  that  the 
first  definition  of  the  Cascade  Kange  was  caused  by  its  force.  In 
the  general  geology  of  North  America  the  most  important  result 
of  this  immediately  post-Cretaceous  orographical  movement  was 
the  elevation  of  the  whole  interior  of  the  continent  and  the  com- 
plete extinction  of  the  inter- American  mediterranean  ocean. 

From  the  date  of  this  movement  no  marine  waters  have  ever 
invaded  the  middle  Cordilleras,  and  the  subsequent  strata  are  all 
of  lacustrine  origin.  The  effect  of  this  orographical  movement 
was  to  leave  that  part  of  the  Cordilleras  which  falls  within  our 
studv  with  a  free  drainage  to  the  sea,  with  the  single  exception  of 
the  basin  of  Colorado  River,  which,  from  its  configuration,  imme- 
diately became  the  receptacle  of  the  vast  fresh-water  Ute  Lake, 
within  whose  area  accumulated  the  important  Vermilion  Creek 
group,  the  earliest  of  the  fresh-water  Eocene  strata.  Throughout 
the  entire  Eocene  period  the  basin  of  Colorado  River  was  the 
theatre  of  a  series  of  four  Eocene  lakes,  whose  deposits  —  uncon- 
formable among  themselves,  as  has  already  been  described  — 
amount  in  all  to  10,000  feet ;  lacustrine  rocks  characterized  from 
the  bottom  to  the  top  by  an  abundant  series  of  vertebrate  life 
covering  the  whole  lapse  of  Eocene  time.  The  Eocene  of  the 
Fortieth  Parallel  region  was  a  period  of  four  lakes  superposed, 
the  unconformity  of  their  deposits  due  to  four  orographical  dis- 
turbances. 

An  important  orographical  movement  took  place  at  the  close 
of  the  Eocene,  by  which  the  province  of  the  northern  Great  Plains 
and  a  long,  narrow  tract  of  W  ashington  Territory,  Oregon,  Neva- 
da, and  California,  lying  on  the  eastern  base  of  the  Sierra  Nevada 
and  the  present  Cascade  Range,  became  depressed  and  received 
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the  drainage  of  the  surrounding  countries,  forming  two  extended 
Miocene  liSces.  The  deposits  of  the  westernmost  lake  are  chiefly 
the  tuffs  and  rearranged  ejecta  of  volcanic  eruption.  The  deposits 
of  the  Plains  are  the  simple  detritus  from  the  surrounding  lands. 
The  series  on  the  west  are  over  4,000  feet  thick ;  in  the  east  they 
are  not  proved  to  be  over  300  or  400  feet.  Both  contain  abundant 
and  typical  Miocene  vertebrate  life. 

The  close  of  the  Miocene  was  signalized  by  a  powerful  oro- 
graphical  movement  over  the  area  of  the  westeni  Miocene  lake, 
which  threw  the  beds  accumulated  on  its  bottom  into  folds.  Con- 
temporaneously with  this  movement  the  Miocene  lake  of  the  east, 
by  the  subsidence  of  the  surrounding  country,  increased  so  as  to 
cover  the  province  of  the  Great  Plains. 

The  Pliocene  opened,  therefore,  with  two  enormous  lakes,  one 
covering  the  basin  country  of  Utah,  Nevada,  Idaho,  and  eastern 
Oregon;  the  other  occupving  the  province  of  the  Plains.  The 
Pliocene  deposits  of  the  Plains  lake  are  calcareous  and  sandy  beds, 
which  have  no  nonconformity  in  angle  of  dip  with  the  underlying 
sheet  of  Miocene  sediment,  but  which  overlap  it  in  every  direction. 
The  deposits  of  the  great  western  lake  are  nonconformable  with 
the  Miocene  and  immensely  overlap  it  to  the  east,  doubling  the 
area  of  Miocene  sediment.  Both  oi  these  Pliocene  lakes  —  as  do 
the  Miocene  —  contain  the  remains  of  rich  faunse.  The  eastern 
lake  received  a  maximum  of  about  2,000  feet  of  strata ;  the  west- 
em  lake  has  nowhere  shown  over  1,400  feet. 

The  close  of  the  Pliocene  was  signalized  by  another  orograph- 
ical  movement,  which  threw  the  sediments  of  the  Great  Plains  lake 
into  their  inclined  attitude,  dipping  4,000  feet  to  the  east  and 
7,000  feet  to  the  south  from  the  Fortieth  Parallel  region.  This 
same  orographical  movement  acted  differently  upon  the  sheet  of 
sediments  which  covered  the  Pliocene  lake  of  the  Great  Basin. 
Instead  of  tilting  the  entire  lake,  it  broke  in  the  middle,  and  the 
two  sides  were  depressed  from  1,000  to  2,000  feet  thick,  the  shores 
faulting  downward.  The  result  of  the  post-Pliocene  movement  in 
the  department  of  the  Plains  was  to  give  thereafter  a  free  drainage 
to  the  sea.  The  result  in  the  area  of  the  Great  Basin  was  to  leave 
two  deep  depressions,  one  at  the  western  base  of  the  Wahsatch, 
one  at  the  base  of  the  Sierra  Nevada,  which,  in  Quaternary  times, 
received  the  abundant  waters  of  the  Glacial  period  and  formed 
the  two  lakes  that  have  already  been  described  in  the  Quaternary 
chapter. 

3.  An  Elementary  Geology^  designed  especially  for  the  Interior 
StcUes  ;  by  E.  B.  Andrews,  LL.D.,  of  the  Ohio  Geological  Corps, 
and  late  Professor  in  Marietta  College.  283  pp.  8vo.  Cincinnati, 
1878.  (Van  Antwerp,  Bragg  &  Co.) — In  this  little  work  on  Ele- 
mentarv  Geology,  the  author,  as  his  preface  remarks,  has  had 
espwial  reference  to  the  Interior  portion  of  the  United  States,  ex- 
clusive of  the  Southern  States.  Many  of  the  illustrations  and  facts 
are  accordingly  from  the  formations  of  the  Mississippi  Valley.  It 
is  still  a  general  review  of  the  science,  presenting  briefly  facts 
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connected  with  Lithology  and  Dynamical  Geology,  and  more  fully 
Historical  Geology.  It  is  a  popular  work  on  the  subject  for  the 
general  reader  and  will  be  found  a  useful  book  for  the  young  stu- 
dent.    The  volume  is  neatly  printed. 

4.  An  Outline  of  General  Geology^  with  copious  lieferences^ 
designed  for  the  use  of  both  General  and  Special  students ;  by 
Theo.  B.  Comstock,  B.Ag.,  B.S.,  in  charge  of  the  Department  of 
Geology,  Paleontology  and  Economic  Geology  in  Cornell  Univer- 
sity. 82  pp.  8vo.  Ithaca,  N.  Y.  Printed  for  the  author  at  the 
University  Press.  18  7  8. — ^This  work  is  based  by  the  author  on 
the  Syllabus  of  his  lectures  to  the  students  of  Cornell  University. 
It  is  a  brief  syn9psi8  of  the  various  branches  of  general  geology, 
presenting  in  a  condensed  way  the  principles  and  conclusions  with 
many  prominent  facts.  It  is  well  fitted  for  use  in  connection  with 
a  course  of  lectures ;  and  the  geological  student  will  also  find  it 
valuable  as  a  means  of  reviewing  the  subject.  The  work  contains 
a  list  of  references  to  various  geological  publications,  including 
treatises,  periodicals,  transactions  of  Societies  and  memoirs,  to  aid 
the  student  in  extending  his  range  of  study. 

6.  Die  Glimmergruppe,  II  Theil,  von  G.  Tscuermak. — The 
first  part  of  Professor  Tschermak's  memoir  on  the  Mica  family 
has  already  been  noticed  in  this  Journal  ^xv,  150,  Feburary,  1878), 
in  that  the  results  of  his  crystallograpliical  and  optical  studies 
were  given.  To  these  he  has  now  added  a  discussion  of  the 
chemical  composition  of  the  species  as  previously  defined  by  him. 
His  conclusions  are  based  upon  sixteen  new  analyses  made  with 
especial  care  to  avoid  the  errors  contained  in  many  earlier  analyses 
and  in  consequence  of  which  most  of  them  are  rejected  by  him  in 
his  discussions.  The  following  are  the  principal  results  adopted 
by  him:  (1.)  Biotites:  ^/eomiYc,  composed  of  8i,AlgK^H,0,^  and 
SigMg  CL  in  ratios  from  1:1  to  2:1;  Meroxene^  composed  of 
Si,Al,K,H,0,^  and  Si^g  O,^  in  similar  ratios.  Z^idomelane : 
composition.  Si  Al.K,H,6,,(Si.Fe,K,H,0^J  and  Si^g,,0,,  (2.) 
Phlogopites  :  I^hlogopite^  composition,  Si^Al^K^O,^,  also  Sij^H^O,^ 
(with  Sij^O  F  )  and  Si.Mg  O,^  often  in  the  ratio  3:1:4;  Zinnwal- 
dite  (Cryophyllite),  composition  Si,Al,K.O  (Si,Al^Li,0„  Si.Fe„0,, 
and  Si^,F,^Og  in  the  ratio  10:2:3.  Muscovttes  :  Lepidolite^ 
composition  3Si^l,Kp,^(Si.Al,Lip  )  and  Si^^OgF^.  Muscovite 
(Damourite),  composition  Si^Al^  K,  H^O,^  true  muscovite,  and  also 
this  same  together  with  Si,„HgO  ,  in  the  ratio  3 : 1  (Phengite) ; 
Paragonite^  composition  Si.Al^Na^H^O,^.  Margarite,  Si^Al^Ca, 
H^O,^. —  Vienna  Academy^  Ixxviii,  June,  1878. 

III.  Botany. 

1.  On  Plant- Distributional  afield  for  Geographical  Research; 
by  W.  T.  Thiselton-Dyer,  Assistant  Director  of  the  Royal  Gar- 
dens, Kew,  London.  1878,  pp.  36,  8vo. — This  is  a  lecture,  de- 
livered (we  believe)  at  the  Royal  Institution,  and  published  orig- 
inally in  the  Proceedings  of  the  Royal  Geographical  Society,  Lon- 
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don.  Its  teaching  is  interesting  and  truly  noteworthy.  It  tells 
how  "  Vegetation  in  any  given  spot  maintains  its  own  only  by 
having  solved  the  problem  of  existing  in  the  best  way  under  the 
given  circumstances.  Introduce  a  new  competitor  for  a  particular 
site  that  can  solve  the  problem  rather  more  closely,  and  the  old 
occupant  must  needs  give  way.^'  It  intimates  that  this  must  have 
been  so  all  along  geological  time,  and  under  all  changes  of  climate, 
land  and  sea.  It  pictures  the  great  hosts  of  plants  oscillating  be- 
tween the  poles  and  the  equator,  their  ranks  thinning  by  "  the 
friction  attendant  on  their  movement,"  which  has  extinguished 
perhaps  whole  battalions.  It  takes  a  general  survey  of  the  promi- 
nent characteristics  of  the  great  floras,  northern,  southern  and 
tropical,  and  of  their  principal  divisions.  It  brings  prominently 
forward  "  the  opinion  that  the  northern  hemisphere  has  always 
played  the  most  important  part  in  the  evolution  and  distribution 
of  new  vegetable  types ;  in  other  words,  that  a  greater  number  of 
plants  have  migrated  from  the  north  to  the  south  [meaning  across 
the  tropics]  than  in  a  reverse  direction."  That  proposition  (based 
on  the  temperate  floras)  is  well  sustained  by  obvious  facts,  and 
follows  almost  of  course  from  the  greater  amount  and  longitu- 
dinal contiguity  of  northern  lands,  as  Mr.  Darwin  has  "  suspected." 
But  this  may  probably  be  limited  to  the  extant  vegetation  and  its 
nearer  predecessors.  K  the  paleontological  botanists  are  at  all 
correct  in  their  ordinal  determinations,  the  revei-se  might  well 
have  been  the  case  at  earlier  periods,  when  Proteacese  and  Laurineae 
abounded  in  northern  temperate  regions.  It  must  needs  have  been 
so  if  there  was  for  any  long  period  a  preponderance  of  southern 
land  with  northward  extension. 

A  good  j)art  of  the  lecture — as  ricli  in  practical  value  as  the  re- 
mainder is  in  theoretical  interest — recounts  what  geographical  ex- 
plorers have  recently  been  doing  for  botany  by  collecting  mate- 
rials and  information,  indicates  how  very  much  is  yet  to  be  done 
in  this  way,  how  easy  it  is  to  collect  and  preserve  botanical  speci- 
mens, and  what  important  services  the  ''  roving  Englishman"  and 
still  more  the  desciplined  explorer,  may  render  to  the  botanical 
studies.  A.  G. 

2.  Conspectus  Florce  EuropceoBy  auctore  C.  F.  Nyman.  Orelso 
SueciaB,  1878.  I.  RanunculacecB — Pomacece,  pp.  240, 8 vo. — ^This 
systematic  catalogue  of  European  plants,  arranged  in  the  Candol- 
lean  order,  with  leading  references,  principal  synonyms,  and  local- 
ities, supplies  a  desideratum,  so  far  as  it  extends,  and  the  second 
part,  which  will  include  the  remaining  PolypetcUcB,  is  announced 
as  in  press.  It  is  evidently  a  work  of  critical  importance,  and  is 
well  arranged.  a.  g. 

3.  Botanical  Necrology  of  1878. — An  unusual  number  of  bot- 
anists have  deceased  in  the  course  of  the  past  year.  The  first  and 
the  last  names  on  the  list  are  venerable. 

Elias  Magnus  Fbibs,  of  XJpsal,  died  February  8,  1878,  in  the 
eighty-fourth  year  of  his  age,  a  month  after  the  hundredth  anni- 
versary of  the  death  of  Linneeus  at  that  ancient  University.    He 
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was  born,. as  was  LiunsBus,  in  the  south  of  Sweden,  was  educated 
at  Lund,  where  he  was  early  made  demonstrator  of  Botany,  and 
was  translated  to  TJpsal  more  than  forty  years  ago,  where  he 
occupied  the  chair,  not  of  Botany,  but  of  Practical  Economy, 
answering,  we  suppose,  to  Rural  Economy.  He  was,  nevertheless, 
the  greatest  Swedish  botanist  since  Linnaeus,  and  the  last  survivor 
of  those  whose  teachers  were  taught  by  Linnseus.  He  beean  to 
publish  on  Phsenogamous  Botany  in  the  year  1814,  in  which  de- 

Eartment  he  was  high  authority  to  the  last;  but  soon  took  up 
ichens  and  Fun^,  in  the  latter  of  which  his  knowledge  was  un- 
rivalled and  his  judgment  wonderfully  correct,  considering  that 
his  studies  were  unaided  by  the  compound  microscope.  His 
last  work  of  any  consequence  was  a  new  edition  of  his  Hymeno- 
mycetea  Europmi^  of  which  he  wrote  the  preface  on  his  81st  birth- 
day, August  15,  1874. 

LuDwiG  Ppeiffbr,  of  Cassel,  died  at  the  beginning  of  the 
year,  at  the  age  of  72.  He  wrote  on  Cacteoe^  and  published  a 
Synonymia  Botanica. 

Andebw  Murray,  a  writer  to  the  signet  at  Edinburgh,  where 
he  was  born,  died  January  10,  1 878,  at  the  age  of  66.  He  was  an 
entomologist  more  than  a  botanist ;  but  he  came  up  to  London  to 
become  tne  acting  Secretary  of  the  Horticultural  Society,  and 
became  learned  in  Coniferce^  publishing  a  volume  on  the  F^ines 
and  Firs  of  Japan  in  1863,  and,  later,  various  articles  upon  the 
ConifercB  of  our  Pacific  Coast. 

Andrew  Bloxam,  an  English  clergyman,  one  of  the  earliest  of 
the  critical  investigators  of  UttbuSy — a  genus  which  perplexes 
European  botanists, — died  February  2,  1877,  at  the  age  of  76. 

FRAN9018  Vincent  Raspatl,  whose  name  has  for  many  years 
past  been  associated  with  radical  politics,  was  in  earlier  years  a 
keen  but  eccentric  botanist.  His  memoir  on  the  Grasses,  with  a 
new  classification,  was  published  at  Paris  in  the  year  1825 ;  his 
new  system  of  Vegetable  Physiology  and  Botany  in  1 837.  He 
died  at  Arcueil,  near  Paris,  January  6,  1877,  a;t  the  age  of  87. 

SuLPiz  KuRz,  Curator  of  the  Calcutta  Herbarium,  and  an 
active  botanist,  died  at  Palo-Penang,  January  15,  1878.  Age 
and  birth  unknown  to  us ;  but  he  was  a  pupil  of  von  Martins  at 
Munich,  and  went  early  to  Java,  whence  he  was  transferred  to 
British  India,  and  was  a  valuable  explorer.  His  Forest  Flora  of 
British  Burma,  in  two  volumes,  was  published  at  Calcutta  last 
year,  about  the  time  of  the  author's  death. 

M.  DuRiEU  (de  Maisonneuve),  long  the  director  of  the  Botanic 
Garden  at  Bordeaux,  author  of  many  botanical  and  vinicultural 

Sapers,  and  of  the  first  (Cryptogamic)  part  of  a  Flora  of  Algeria, 
ied  at  Bordeaux,  Feb.  20,  1878,  at  the  age  of  82. 
Charles  Pickering,  M.D.,  who  died  in  Boston  on  the  17th  of 
March  last,  in  the  73d  year  of  his  age,  and  to  whose  memory  a 
tribute  has  already  been  paid  in  this  Journal,  must  be  counted 
among  the  botanists,  although  most  of  his  life  was  devoted  to 
zoology,    anthropology,  and   cognate    studies.      His    extensive 
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work  On  the  Geographical  Distribution  of  Plants  and  Animals  is 
a  collection  of  materials  for  the  study  of  the  subject ;  and  a  bulky 
volume  entitled  Man's  Record  of  his  own  Existence — the  printing 
of  which  was  in  progress  when  the  author  died,  and  which  is  not 
yet  published — is  largely  a  record  of  changes  in  the  habitat  of 
plants  effected  under  human  agency,  from  B.  C.  4491  down  to 
recent  times.     It  is  a  monument  of  wonderful  industry. 

MoBTTZ  Sbubbrt,  Professor  of  Botany  at  Carlsruhe,  author  of 
a  Flora  of  the  Azores  on  Hochstetter's  collections  and  notes,  and 
of  a  monograph  of  JEHatinecB,  also  of  several  monographs  in  the 
Flora  Brasiliensis,  died  April  6,  in  the  60th  year  of  his  age. 

Thomas  Thomson,  M.D.,  the  well-known  associate  of  Sir  Joseph 
Hooker  in  Himalayan  exploration,  and  in  the  Indian  Flora,  the 
explorer  of  Thibet,  sometime  Director  of  the  Calcutta  Botanic 
Grarden, — a  botanist  whose  career  of  high  promise,  was  sadly  cut 
short  by  ill  health — died  in  London  on  the  18th  of  April  last,  at 
the  age  of  60.  He  was  the  son  of  the  distinguished  chemist 
Thomas  Thomson,  of  Glasgow,  where  the  lamented  subject  of 
this  notice  was  bom  and  educated. 

Giovanni  Zanabdini,  Professor  of  Botany  at  Venice,  patriarch 
of  Italian  Phycologists,  died,  April  24,  at  the  age  of  74. 

RoBBBTO  DB  VisiANi,  Profcssor  of  Botany  in  Padua  for  many 
years,  author  of  a  Flora  Dalmatica,  and  of  many  interesting 
papers,  died  on  the  4th  of  May,  at  the  age  of  11, 

Babthblbmy  Chablbs  DuMobtier,  of  Tournai,  Belgium — 
long  eminent  as  a  statesman  as  well  as  botanist  (the  leader  of  the 
clerical  party  in  Belgium  politics),  and  greatly  esteemed  as  a 
man — died  July  9,  in  his  82d  year.  His  earliest  papers  bear  the 
date  of  1822;  he  published  on  HepcUicm  in  1831,  and  again  in 
1871.  He  published  on  Grasses  in  1823  and  again  in  1868.  He 
brought  out  a  new  and  elaborate  classification  of  fruits  in  1836. 

Elias  Bobszczow  (whose  name  we  could  not  presume  to  pro- 
nounce). Professor  of  Botany  and  Director  of  the  Botanic  Garden 
of  Kiew,  in  Southern  Russia, — who  in  1858  botanically  explored 
the  Aral-Caspian  desert,  and  published  a  monograph  of  the  plants 
yielding  galbanum  and  assa-foBtida,— died  on  the  12th  of  May. 

Jambs  McNab,  Curator  of  the  Edinburgh  Botanical  Gardens, 
as  was  his  father  before  him,  sometime  President  of  the  Edinburgh 
Botanical  Society,  the  most  accomplished  of  cultivators,  and  a 
well-informed  botanist,  died  on  the  20th  of  November,  in  his  69th 
year.  We  well  remember  his  visit  to  the  United  States  in  the 
year  1834. 

Stbphbn  T.  Olney,  of  Providence,  Rhode  Island,  died  July 
27,  1878,  at  the  age  of  66.  He  was  for  many  years  one  of  the 
most  active  local  botanists  of  this  country;  published  in  1845  a 
Catalogue  of  Rhode  Island  Plants,  with  continuations  and  emen- 
dations in  1846  and  1847;  a  List  of  Rhode  Island  Alg»  in  1871 ; 
in  the  latter  years  of  botanical  activity  studied  Carices  with  criti- 
cal care  and  minuteness,  published  several  fascicles  of  ExsiccatsB, 
admirably  prepared ;  and  formed  a  fine  and  rich  herbarium  and 
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library,  which  he  gave  to  Brown  University.  To  it  also,  or  at 
least  to  his  native  State,  he  made  handsome  legacies  for  botanical 
instruction,  as  well  as  other  benevolent  bequests.  These  bene- 
factions, and  his  many  good  offices,  should  preserve  a  pleasant 
memory  of  a  useful  life,  the  end  of  which  was  obscured  and 
afflicted  by  mental  trouble.  In  Botany  his  name  is  commemorated 
by  a  remarkable  Leguminous  tree  of  Arizona  ( Olneya)  and  by 
several  species  of  his  own  discovery.  Mr.  Olney  was  unmarried, 
and  was  for  most  of  his  life  engaged  in  business,  at  first  in 
Augusta,  Georgia,  and  afterward  in  his  native  town. 

Jambs  Watson  Bobbins,  M.D.,  died  at  Uxbridge,  Massachusetts 
(where  he  resided  and  was  an  esteemed  physician  for  the  greater 
part  of  a  long  life),  on  the  9th  day  of  January,  IS^O,  at  the  age  of 
77.  With  the  exception  of  Dr.  Bigelow  he  was  the  oldest  New 
England  botanist,  and  perhaps  the  oldest  in  the  United  States ; 
and,  within  his  range,  he  was  certainly  one  of  the  most  carefiil  and 
accurate.  He  was  a  colleague  of  William  Cakes,  who  had  the 
pleasure  of  naming  several  species  discovered  by  him  in  his  honor, 
and  he  had  an  extended  correspondence  with  all  our  botanists. 
He  collected  not  only  throughout  New  England,  but  in  Virginia 
and  Maryland,  where  he  resided  for  several  years  when  a  young 
man,  and  on  the  shore  of  Lake  Superior,  where  he  spent  four  years. 
Of  late,  he  devoted  his  attention  mainly  to  aquatic  phsBnogamous 
plants,  especially  to  the  difficult  genus  Potamogeton.  He  contri- 
buted the  monograph  of  this  genus  to  the  last  edition  of  Gray's 
Manual.  He  first  detected  that  simplest  and  smallest  of  flowering 
plants,  Wolffia^  in  this  country.  His  excellence  and  amiability 
secured  the  attachment  of  all  who  knew  him.  He  was  born  at 
Colebrook,  Conn.,  November  18,  1801,  graduated  at  Yale  College 
in  1822,  and  there  took  his  medical  degree  in  1828.  In  his  death 
we  have  lost  the  most  critical  student  of  the  botany  of  New  Eng- 
land and  the  Northern  Atlantic  States. 

Jacob  Biqblow,  the  most  venerable  of  botanists,  even  more  dis- 
tinguished as  a  physician,  a  cultivator  of  the  fine  and  useful  arts, 
and  a  scholar,  one  of  the  most  rounded  and  symmetrically  devel- 
oped men  of  his  time  and  place,  died  at  Boston,  on  the  10th  of 
January  ult.  The  notice  due  to  his  life  and  services  must  be 
deferred  to  the  next  number.  a.  g. 

IV.  Miscellaneous  Scientific  Intelligence. 

I.  Technologischea  Wdrterbuch ;  L  Deutsch-Englisch-Franzd- 
sisch ;  bearbeitet  von  E.  Althans,  L.  Bach,  u.  A.,  herausgegeben 
von  Carl  von  Albert,  mit  einem  Vorwort  von  Dr.  Karl  Earmarsch. 
Dritte  verbesserte  und  bedeutend  vermehrte  Auflage.  743  pp. 
8vo.  Wiesbaden,  1877.  (J.  F.  Bergmann;  B.  Westermann  &  Co. 
in  New  York.) — This  Technological  Dictionary  deserves  high  com- 
mendation both  for  its  completeness  and  its  accuracy.  The  sub- 
jects which  it  embraces  include  all  the  prominent  branches  as 
well  of  pure  as  of  applied  science,  so  that  the  work  is  alike  valu- 
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able  to  the  student  and  the  manufacturer,  the  technologist  and  the 
merchant.  This  volume  gives  the  English  and  French  equivalents 
of  the  German  technical  and  scientific  words  and  expressions ;  the 
other  two  volumes  of  the  series  are  arranged  for  English  and 
French  readers  respectively.  The  names  of  seventeen  specialists 
are  given,  who  have  assisted  in  the  preparation  of  this  the  third 
edition  of  the  first  volume,  and  they  alone  are  a  sufficient  proof  of 
the  excellence  of  the  work. 

2.  Chromometry. — Under  this  name  Professor  Eoenig  describes 
a  new  branch  of  quantitative  analysis  with  the  blowpipe.  The 
method  depends  upon  the  observations  of  the  color  produced  in 
the  borax  Dead  by  various  metallic  oxides,  with  the  "Chromom- 
eter*' ;  in  the  hands  of  the  describer  it  is  made  to  yield  very  accu- 
rate results. — Amer.  Soc.  Philadelphia^  Oct.  4,  1878. 

3.  Additional  characters  of  the  Sauropoda;  by  O.  C.  Massh. — 
Beside  the  characters  of  the  Sauropoda^  already  made  known  by 
the  writer,*  others  of  importance  have  been  since  brought  to  light. 

7^  sktflly  of  wh^ch  so  little  has  been  known  hitherto  in  the 
Dinosaurs,  presents  in  Moroeawrus  grandis  some  stronglv  lacei> 
tian  characters.  It  is  short,  high  and  narrow,  something  like  that 
of  the  Chameleon.  The  supra-occipital  is  very  large^  and  forms 
the  upper  part  of  the  foramen  magnum.  The  ex-occipitals  have 
lone  par-occipital  processes.  The  occipital  condyle  is  formed 
entirely  of  the  basi-occipitaL  The  long  basipterygoid  processes 
are  of  the  lacertian  type.  The  quadrate  is  elongated,  very  slender 
above,  and  has  a  small  articular  head.  Below,  it  is  fixed  by  the 
pterygoid,  which  unites  with  it  by  suture.  On  the  outer  side  of 
the  quadrate,  below  the  middle,  the  quadrato-jugal  joins  it  by 
suture.  Its  posterior  end  is  cup-shaped,  with  the  cavity  opening 
outward,  and  partially  closed  by  a  thumb-like  process.  This  bone 
divides  in  front,  one  branch  going  upward,  ana  the  other  forward, 
to  join  the  jugal  and  complete  the  lower  arch.  The  bones  of  the 
cranium  were  united  by  open  sutures,  and  there  are  large  paiietal 
fossae.  The  orbits  are  large,  and  there  is  a  vacuity  in  front  of  the 
lachrvmal.  The  upper  jaws  are  especially  short  and  deep,  and  each 
maxillary  contained  nme  teeth.  The  nasals  and  premaxillaries 
were  narrow.  The  lower  jaws  were  not  codssified  at  the  sym- 
physis, and  each  dentary  bore  twelve  teeth.  This  bone  was  very 
deep  in  front,  and  pointed  behind. 

Maternal  bone. — A  bone,  found  with  the  remains  of  ApcUo- 
aaurus  ajaxy  so  strongly  resembles  the  epistemal  element  in  lizards, 
that  it  must  be  regarded  as  an  epistemal  bone.  It  is  cruciform  in 
shape,  and  symmetrically  bilateraL  The  posterior  process  is  ab- 
ruptly truncated ;  the  anterior  is  short  and  obtuse,  and  the  lateral 
processes  are  the  longest.  The  lower  sui'face  of  this  bone  is 
slightly  convex  on  the  median  line,  and  more  strongly  convex 
transversely.  The  upper  surface  and  sides  indicate  that  it  was 
surrounded  mainly  by  cartilage.  By  this  interpretation  of  the 
bone,  the  posterior  truncated  process  abutted  against  the  sternum, 

*  This  Journal,  vol.  xvi,  p.  411,  and  voL  xvii,  p.  85. 
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the  posterior  reentrant  angles  were  met  by  the  coracoids,  or  the 
intervening  cartilage.  This  would  leave  the  anterior  concavities 
for  clavicles,  no  evidence  of  which  has  hitherto  been  found  in 
Dinosaurs.  Their  existence  in  ApatosauruSy  if  not  in  other  Sauro- 
poda^  seems  therefore  a  necessity.  The  large  rugose  facet  on  the 
anterior  projection  of  the  scapula  offers  the  natural  place  for  union 
with  that  bone.  No  clavicles  were  found  with  this  epistemal  bone, 
but  a  single  specimen  from  a  neighboring  locality  agrees  closely 
with  what  we  should  expect  the  corresponding  clavicle  to  be. 
These  interesting  remains  will  be  more  fully  described  by  the 
writer  in  another  communication. 

Yale  Oollege,  January  22,  1879. 

4.  Portrait  of  Uimiboldt. — An  excellent  portrait,  of  natural  size, 
painted  bv  Steuben,  belonffs  to  Madame  de  SchoBnfeld,  of  Paris, 
and  is  to  be  disposed  of.  It  should  be  in  some  of  the  Galleries  or 
Museums  of  this  country.  Information  respecting  it  may  be 
sought  of  the  distinguished  botanist,  R  Cosson,  7  Rue  Abbatucci, 
Pans. 
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Abt.  XXL — On  tiie  Variability  of  the  Ultimate  Molecule;  by 
Professor  W.  A.  Norton. 

I  PBOPOSE,  in  the  present  article,  to  adduce  numerous  facts 
which  seem  to  afford  decisive  evidence  that  the  ultimate  mole- 
cules of  bodies,  under  varying  conditions  of  pressure  and  other 
relations  to  surrounding  molecules,  are  subject  to  change  in  the 
intensities  of  the  forces  of  attraction  or  repulsion  they  are  capa- 
ble of  exerting,  at  a  given  distance,  on  such  contiguous  mole- 
cules; while  retaining  the  same  temperature  and  the  same 
chemical  constitution. 

The  first  evidence  I  shall  present  that  the  ultimate  molecule 
may,  under  certain  conditions,  experience  a  change  in  the  in- 
tensities of  its  active  forces,  is  derived  from  the  facts  and  phe- 
nomena of  the  set^  or  permanent  distortion  of  materials,  which  re- 
mains after  they  have  been  temporarily  subjected  to  a  force  of 
stress. 

Numerous  series  of  experiments  have  been  made  by  Fairbairn, 
Hodgkinson,  Ohevandier  and  Wertheim,  Morin,  and  other  ex- 
perimenters, the  writer  included,  with  the  view  of  determining 
the  amount  of  set  experienced  by  various  materials,  after  a 
certain  fraction  of  the  breaking  load  has  been  applied  and 
withdrawn ;  and  of  ascertaining  all  the  laws  of  the  set,  under 
varying  loads,  variations  in  the  duration  of  stress,  varving  con- 
ditions in  the  application  of  repeated  stresses,  etc.  The  follow- 
ing are  some  of  the  principal  facts  and  laws  that  have  been  ex- 
perimentally determined. 

(1.)  If  a  bar  of  any  material  (e.  g.  wood,  iron,  or  steel)  be 
subjected  to  varying  lorces  of  stress — whether  tensile,  compres- 
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eive,  or  transverse — increasing  progressively  from  a  small  frac- 
tion of  the  breaking  load,  on  the  removal  of  the  load  a  certain 
set  will  remain,  which  will  increase  steadily  with  the  amount 
of  the  load.  The  progressively  increasing  set  will  be  propor- 
tional to  a  power  of  the  load  which  varies,  more  or  less,  from 
one  material  to  another,  and  for  the  same  material  with  the 
ratio  of  the  load  to  the  breaking  weight  The  law  of  variation 
falls,  in  general,  between  the  first  and  fourth  power  of  the  load; 
but  when  the  stress  is  a  large  fraction  of  the  breaking  load,  the 
set  may  increase  according  to  a  much  more  rapid  law.  This  is 
strikingly  true  of  wrought  iron. 

(2.)  There  is,  strictly  speaking,  no  definite  limit  of  elasticity, 
that  is,  no  minimum  limit  of  the  load  below  which  no  set  results. 
This  fact  was  decisively  made  out  by  Hodgkinson  in  his  ex- 
periments on  the  behavior  of  wrought  iron  under  a  tensile 
stress,  by  Chevandier  and  Wertheim  in  their  extensive  course 
of  experiments  on  numerous  varieties  of  wood,  variously 
strained,  and  in  the  writer's  experiments  on  the  set,  or  residual 
deflection,  of  bars  of  wood,  iron  and  steel,  after  a  transverse 
stress.  In  the  last  mentioned  series  of  experimental  determi- 
nations, a  perceptible  set  was  obtained,  with  each  material, 
immediately  after  the  stress  was  removed,  however  small  its 
amount,  until  it  fell  below  the  lowest  possible  determination  of 
which  the  apparatus  was  capable  (viz:  79^,9  of  an  inch) ;  and 
on  increasing  the  delicacy  of  the  measuring  apparatus  it  was 
found  that  the  least  perceptible  immediate  set  was  still  limited 
only  by  the  capability  of  detecting,  with  the  apparatus,  minute 
displacements. 

We  may  say,  then,  that  every  load,  however  small,  gives 
rise  to  an  immediate  set  ;*  and  that  the  set  increases  progres- 
sively with  the  load,  however  small  the  increments  of  load 
may^  be,  up  to  the  point  of  rupture.  If  for  any  ordinary 
material,  there  is  a  limiting  load  below  which  no  immediate  set 
results,  such  limit  has  not  yet  been  determined. 

(8.)  The  set  augments  with  the  duration  of  the  stress,  up  to 
a  certain  interval  of  time.  When  moderate  strains  are  applied 
it  has  been  found  that  this  limiting  interval  may  vary,  with  the 
strain,  from  a  few  minutes  to  one  nour.  In  experiments  with 
white  pine  subjected  to  a  transverse  stress,  a  set  from  five  to 
nine  times  greater  was  obtained  by  prolonging  the  stress. 

(4.)  The  amount  of  the  set  does  not  remam  invariably  the 
same  for  an  indefinite  time  after  the  stress  is  withdrawn,  but  is 
subject  to  material  fluctuations.  If  very  small  it  may  pass 
oflP  entirely  in  a  few  minutes.  Otherwise,  after  decreasing 
for  a  short  interval  of  time  (from  5m.  to  20m.,  in  the  author's 

*  By  immediate  set  is  meant  that  which  obtains  immediately  after  the  stress  is 
withdrawn. 
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experiments)  it  increases  for  a  longer  interval.  This  increase 
of  set  is  eventually  succeeded  by  another  decrease ;  which  may 
again  be  followed  by  other  smaller  fluctuations  extending  over 
several  hours.  As  a  final  result  the  set  subsides  entirely,  or 
settles  into  a  permanent  value ;  according  to  the  amount  and 
duration  of  the  stress  applied. 

These  facts  lead  unmistakably  to   the  conclusion  that  the 
molecules  of  the  materials  experimented  on,  as  a  result  of  the 
temporary  application  of   the  force  of  stress,  experienced  an 
abiding  change  of  dimensions  or  mechanical  condition,  by 
reason  of    which  the  intensities  of    their   mutual  actions  no 
longer  remained  the  same  at  the  same  distance,  as  before  the 
stress  was  temporarily  applied,  and  hence  did  not  return  pre- 
cisely to  their  former  configuration  or  relative  positions ;  also 
that  this  molecular   change  increased    progressively  with  the 
amount  of  the  stress,  and,  to  a  certain  extent,  with  the  pro- 
longation of  the  stress ;  and  that  the  disturbed  molecules,  in 
acquiring  their  new  mechanical  condition,  fluctuated  more  or 
less  to  the  one  side  and  the  other  of  the  final  state  of  equilib- 
rium.    To  make  this  more  evident,  let  us  consider  somemiat  in 
detail  the  results  of  a  single  series  of  experiments;  for  example, 
those  made  hj  Captain  Rodman  (U.  S.  Army)  on  a  cylinder  of 
cast  iron,  86  inches  long  and  1'866  inches  in  diameter,  subjected 
to  a  tensile  stress.     The  smallest  set  observed  was  tttVvv  of 
the  length,  and  resulted  from  the  temporary  application  of  a 
tensile  stress  of  6,000  pounds  to  the  square  inch.     This  stress 
temporarily  applied,  had  then  the  eflTect  to  produce  an  abiding 
increase  of  ifTTTjir  in    the  distance  between  two  contiguous 
molecules  in  the  line  of  stress.     Loads  increasing  by  1,000 
pounds,  from  6,000  pounds  to  26,000  pounds  per  square  inch, 
were  successively  applied  at  considerable  intervals  of  time,  and 
the  resulting  sets,  or  permanent  elongations,  increased  progres- 
sively from  tttVitv  ^  tvVv  of  the  length  ;  and  accordingly  the 
distance  between  contiguous  molecules   in  the  line  of   stress 
were  augmented  by  the  same  fractional  amounts.     The  direct 
operation  of  these  loads,  before  being  withdrawn,  augmented 
the  molecular  distances  by  fractional   amounts  varying  from 
TTJf  *o  ji-g.     Now  this  bar  of  cast  iron  was  a  mass  of  mole- 
cules which,  whenever  no  external  stress  was  in  actual  opera- 
tion, must  have  been  in  equilibrium    under  the  operation  of 
antagonistic  forces  of  attraction  and  repulsion  exerted  by  the 
molecules,  and  yet  as  the  result  of  a  temporary  application  of  a 
series  of  increasing  loads,  twenty  in  number,  it  took  up  a  series 
of  as  many  different  configurations,  in  which  the  distance  be- 
tween contiguous  molecules  in  the  line  of   stress  augmented 
nrogressively  from  y^A^o  to  ^^ ;  and  this  although  the  actual 
displacements  produced  by  the  suspended  loads  were  only  from 
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ittW  to  iri^.  To  suppose  that  these  molecules,  during  all  these 
progressive  permanent  changes  of  mutual  distance,  continued 
to  exert  forces  of  mutual  action  varying  only  with  the  distance, 
is  to  suppose  that  they  were  capable  oi  taking,  under  the  ope- 
ration of  such  forces,  constant  at  the  same  distance,  an  indefi- 
nite series  of  positions  of  equilibrium  differing  from  each  other 
b}'  exceedingly  minute  fractions  of  the  distances  between  the 
molecules.  The  absurdity  of  this  supposition  is  still  more 
apparent  when  we  consider  that  we  must  also  admit  that  the 
molecules  were  capable  of  being  in  equilibrium,  in  relative 
positions  which  it  required  at  the  outset  certain  forces  of  stress 
to  bring  them  into,  although  the  inherent  molecular  forces  are 
not  supposed  to  have  changed.  Without  violating  fundamental 
principles  of  Statics,  we  cannot  escape  from  the  conclusion  that 
the  molecules  must  have  undergone  some  change,  under  the 
operation  of  the  temporary  strains  developed  within  the  bar  by 
the  external  stress,  by  reason  of  which  they  exerted  mutual 
actions  that  had  no  longer  the  same  intensity,  at  the  same  dis- 
tance, as  before  the  stress  was  applied.  To  suppose  that  the 
bar  was  not  homogeneous  throughout,  would  here  be  of  no 
avail,  for  whatever  its  inequalities  of  constitution  or  texture,  at 
all  points  of  its  mass  the  equilibrium  must  obtain  under  the 
operation  of  the  inherent  forces  of  the  molecules  there  present, 
whether  like  or  unlike.  Besides  the  fact  of  a  progressive  in- 
crease of  set,  by  minute  degrees,  while  the  stress  augments  by 
small  fractions  of  the  breaking  load,  is  found  to  hold  good 
whether  the  body  is  in  the  condition  of  oast  iron,  or  wrought 
iron,  or  wood  (a  material  that  has  resulted  from  a  natural 
growth).  This  statement  also  disposes  of  the  conjectural  ex- 
planation of  the  phenomena  of  set  which  has  sometimes  been 
given,  that  they  are  attributable  to  a  relief  of  the  particles  of 
the  body  from  internal  strains  subsisting  before  the  stress  is 
applied.  For,  if  it  were  possible  to  form  any  distinct  concep- 
tion of  such  internal  strains  that  could  ^ive  rise  to  such  phe- 
nomena, it  is  idle  to  suppose  that  all  varieties  of  material,  and 
all  the  diverse  specimens  of  the  same  material,  are  habitually 
in  similar  states  of  internal  strain.  On  the  other  hand,  if  we 
admit  that  the  molecules  may  be  susceptible  of  variation  in 
their  mechanical  condition,  under  the  influence  of  their  mutual, 
effective  attractions,  or  repulsions,  when  forced  out  of  their 
relative  positions  of  equilibrium,  and  that  a  fraction  of  this 
molecular  change  may  abide  after  the  external  stress  is  with- 
drawn, we  have  a  simple,  general  explanation  of  the  phenomena 
of  set,  and  a  satisfactory  basis  for  a  definite  theory  of  imperfect 
elasticity.  A  body  which  is  imperfectly  elastic  under  a  certain 
external  force  of  stress,  would  be  simply  one  whose  molecules 
experience  a  sensible  permanent  change  of  mechanical  condi- 
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tion  as  the  result  of  the  operation  of  this  force  of  stress.  When 
the  load  is  removed  the  body  should  then  have  a  certain  set 

We  may  add  here,  incidentally,  that  all  facts  and  phenomena 
in  which  imperfect  elasticity  plays  any  j>art  (e.  g.  the  prop- 
erties of  ductility,  malleability  and  plasticity),  are  so  many 
additional  evidences  of  variations  occurring  in  the  mechanical 
state  of  the  molecula 

A  second  general  evidence  that  the  ultimate  molecule  is 
liable  to  variation,  maybe  derived  from  the  observed  changes 
in  the  mechanical  properties  of  materials  produced  by  tension, 
pressure,  heat,  etc.  Thus  the  enacity  of  iron  may  be  greatly 
increased  by  wire-drawing,  also  by  hammering  and  rolling  when 
heated.  This  is  generally  explained  by  saying  that  the  parti- 
cles have  been  brought  into  new  relative  positions ;  though  the 
effect  in  the  latter  case  is  attributed  in  part  to  the  removal  of 
impuritie&  Such  an  explanation  is  little  better  than  a  state- 
ment of  the  fact  that  a  change  of  configuration  has  occurred, 
and  the  tenacity  has  in  consequence  increased.  It  neither 
states  what  the  change  of  configuration  is,  nor  why  it  is  possi- 
ble while  the  inherent  forces  of  the  molecules  are  supposed  to 
remain  the  same,  nor  why  it  should  be  attended  with  an  in- 
crease of  tenacity. 

The  tenacity  of  bar  iron  may  also  be  materially  increased  by 
the  process  of  thermo-tension.  This  consists  in  subjecting  the 
bar  to  a  large  tensile  stress,  while  heated  to  about  400°  F.,  and 
then  allowing  it  to  cool  after  being  relieved  of  strain.  The 
tenacity  of  good  bar  iron  may  be  increased  from  12  to  20  per 
cent  by  this  prixsess.  At  the  same  time  the  bar  has  become 
permanently  elongated  by  about  6  per  cent  The  precise 
amount  of  the  eflfect  varies  with  the  temperature  to  which  the 
bar  is  raised,  and  the  intensity  of  the  tensile  stress  applied. 
Shall  we  assume,  then,  that  the  molecules,  while  retaining  the 
same  forces,  have  taken  up  an  indefinite  series  of  positions  of 
equilibrium,  varying  progressively  with  the  number  of  degrees 
of  temperature  and  the  number  of  pounds  of  stress,  or  admit  at 
once  that  under  the  varying  conditions  of  temperature  an4 
stress,  permanent  variations  in  the  intensities  of  their  active 
forces  must  have  taken  place,  and  thus  new  configurations  have 
become  possible,  attended  with  augmentations  of  tenacity.  In 
all  such  cases  it  must  be  borne  in  mind  that  the  displacements 
of  the  molecules  are  but  small  fractions  of  the  distances  be- 
tween them. 

We  will  add  that  the  well-known  eflTects  of  temperinjg  and 
annealing,  also  give  intimations  of  permanent  changes  enected 
by  variations  of  temperature  in  the  mechanical  condition  of  the 
individual  molecules. 

Let  it  not  be  understood  that  in  what  precedes,  the  intention 
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has  been  to  convey  the  idea  that  the  molecular  displacements 
produced  by  wire-drawing  and  hammering,  and  the  permanent 
changes  of  mechanical  properties  that  may  result  from  the  ope- 
ration for  a  time  of  a  force  of  tension,  or  pressure,  or  a  change 
of  temperature,  must  be,  in  every  instance,  wholly  ascribed  to 
variations  of  molecular  condition;  but  that  such  variations 
must  play  an  important  part  in  the  mechanical  processes  of 
change,  and  constitute  one  mechanical  feature  of  the  substances 
thus  specially  affected. 

Another  evidence  that  the  ultimate  molecule  has  the  prop- 
erty of  variability,  is  furnished  by  the  great  change  of  mechan- 
ical properties  that  sometimes  results  from  the  presence  in  a 
body  of  minute  quantities  of  other  substances  (e.  g.,  the  great 
changes  in  the  tenacity  and  other  properties  of  steel,  attendant 
on  shght  variations  in  the  percentage  of  carbon  associated  with 
the  iron ;  and  in  the  tenacity  of  iron  or  steel  resulting  from 
slight  differences  in  the  percentage  of  manganese,  phosphorus, 
etc.)  According  to  the  results  of  the  experiments  of  Klirkaldy 
on  Fagersta  steel  (Sweden),  the  union  of  0*5  per  cent  (or  y^^r) 
of  carbon  with  the  iron  augmented  the  tenacity  of  the  ham- 
mered bars  from  y  to  |,  and  an  increase  in  the  quantity  of 
carbon  from  0*5  per  cent  to  1  per  cent  (from  a^  to  yfy)  aug- 
mented the  tenacity  from  j  to  j^.  The  presence  of  j^  by  weight 
of  carbon,  would  give  only  one  chemical  molecule  of  carbon  for 
every  forty- three  chemical  molecules  of  iron  ;  and  of  yivj  only 
one  molecule  of  carbon  to  every  twenty-one  molecules  of  iron. 
The  following  table,  extracted  from  the  Article  on  Steel,  in 
Johnson's  Cyclopedia,  by  Mr.  A.  L.  HoUey,  gives  the  compara- 
tive effects  on  the  mechanical  qualities  of  steel  of  several  differ- 
ent proportions  of  carbon. 


Fagenta  (Sweden). 

Nenbnrg  (AnttrU). 

QoMiilty  of 
Cftrbon. 

AT.BjJ5«a, 

Per  centftge  of 
Stretching. 

Quantity  of 
Carbon. 

^^•sa^*"* 

^SSJt^R?' 

lbs.  per  tq.  in. 

lbs.  per  sq.  In. 

1-00  p.  C 

1*26,  486  to 
146,  383 

2  to  6  p.  c. 

0-88  to  1-12 

126,  486  to 
149,  226 

6p.  c. 

0-70  p.  a 

100,  906  to 
130,  750 

4  10  6  p.  0. 

0-62  to  0-88 

103,  747  to 
126,  486 

5  to  10  p.  c 

0-46  p.  c. 

99,  404  to 
103,  747 

9  to  10  p.  c. 

0-38  to  0-62 

80,  298  to 
103,747 

10  to  20  p.  c. 

0-36  p.  c. 

68,  217  to 

69,  638 

12  p.  0. 

016  to  0-38 

68,217  to 
80,  298 

20  to  26  p.  0. 

0-30  p.  c 

69,  690  to 

nto22p.  c. 

005  to  015 

6'},  848  to 

25  to  30  p.  c. 

62,  533 

68,217        ' 

It  will  be  seen  that  with  the  Fagersta  steel  an  increase  in  the 
proportion  of  carbon  from  0*30  of  1  per  cent  to  1  per  cent  (or 
T??)  Dfiore  than  doubled  the  tenacity  ;  and  that  with  the  Neu- 
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burg  steel  an  increase  in  the  proportion  of  carbon  from  0'16 
per  cent  to  112  per  cent  (or  aoout  t^tt)  augmented  the  tena- 
city in  the  ratio  of  2}  to  1. 

It  has  been  shown  by  recent  experiments*  that  an  increase 
in  the  percentage  of  manganese  in  Bessemer  steel  from  0*6 
per  cent  to  1  per  cent,  while  the  percentage  of  carbon  and  phos- 
phorus remain  the  same,  may  augment  the  tenacity  of  the  steel, 
when  untempered,  by  one-fifth,  and  when  tempered  in  oil  bj 
one-quarter.  In  this  case  but  one  molecule  of  manganese  is 
addea  to  every  two  hundred  molecules  of  iron. 

The  magnitude  of  these  variations  of  tenacity  is  greatly  dis- 
proportionate to  the  quantity  of  carbon,  or  manganese,  associated 
witn  the  iron.  Nor  can  such  mechanical  effects,  increasing 
progressively  with  the  percenta^  of  the  ingredient,  be  reason- 
ably attributed  to  continued  vanations  in  the  number  of  atoms 
in  the  physical  molecules,  or  in  the  configurations  of  unvary- 
ing molecules.  It  would  seem  that  their  possibility,  on  physical 
grounds,  can  only  be  conceived  by  admitting  that  the  iron 
molecules,  which  combine  with  the  carbon  molecules,  suffer  in 
consequence  some  physical  change  by  reason  of  which  the  in- 
tensities of  their  attractive  actions  on  surrounding  molecules 
are  increased,  and  that  these  molecular  changes  extend,  by 
propagation  from  one  molecule  to  another,  throughout  the 
entire  mass. 

Additional  intimations  that  the  ultimate  molecule  has  the 
property  of  variability,  are  furnished  by  certain  facts  in  Chem- 
ical Physics, 

(1.)  In  solution,  solids  assume  the  mechanical  properties  of 
liquids.  The  entire  mass  of  the  solution  is  in  the  liquid  state, 
and,  to  all  appearance,  the  molecules  of  the  dissolved  solid  are 
as  truly  in  the  liquid  condition  as  those  of  the  solvent  The 
molecules  of  the  solid  have  not  suffered  any  change  of  chem- 
ical composition.  The  natural  inference  then  is,  that  they  have 
experienced  a  change  of  mechanical  condition.  The  alterna- 
tive supposition  is  that  the  physical  molecules  of  the  solid  are 
more  complex  than  the  chemical  molecules,  and  in  the  process 
of  solution  are  broken  up  into  others  less  complex,  which,  in 
their  association,  have  the  mechanical  properties  of  a  liquid. 

(2.)  Certain  elementary  substances  have  the  property  of 
Alloiropy^  that  is  of  assuming,  under  varying  circumstances, 
different  states  or  forms  in  which  they  exhibit  very  different 
physical  and  chemical  properties.  Sulphur,  phosphorus,  oxy- 
gen, and  carbon,  may  be  cited  as  conspicuous  examples. 
"Several  other  elements  are  known  to  be  capable  of  existing  in 

*  On  the  Effects  of  Phosphorus  and  Manganese  on  the  Mechanical  Properties 
of  Steel ;  by  M.  Eayerte  (Van  Nostrand's  Engineering  Magazine,  April,  1878,  p. 
363,  etc.). 
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two  or  more  allotropic  states.  Indeed,  instances  of  allotropy 
are  so  common  that  some  chemists  have  been  led  to  believe 
that  most,  if  not  all,  of  the  elements  may  exist  in  distinct  allo- 
tropic states.*'  In  some  cases  (a  s,,  sulphur,  phosphorus  and 
carbon)  the  substances  occur  in  different  states  of  solidifica- 
tion— crystalline,  vitreous,  or  amorphous — that  is,  their  mole- 
cules occupy  different  relative  positions  of  equilibrium.  Now 
the  capability  of  taking  up  these  different  positions  is  an  inti- 
mation of  a  probable  difference  in  the  mechanical  condition  of 
the  ultimate  molecule**.  **  Diversity  of  crystalline  structure,  or 
its  entire  absence,  is,  however,  evidently  only  one  of  the  many 
differences  of  properties  incidental  to  allotropism ;  in  many 
cases  it  must  be  regarded  as  a  consequence  of  the  latter,  by  no 
means  its  cause.  At  all  events  the  cases  of  allotropism  which 
occur  among  the  gases,  cannot  be  explained  by  this  theory  " 
(i.  e.,  by  a  mere  difference  of  molecular  arrangement)  T?he 
diverse  chemical  properties  generally  exhibited  in  the  different 
allotropic  states  of  a  substance  must  apparently  be  attributable 
to  diversities  in  the  condition  of  the  individual  molecules ;  and 
so  be  regarded  as  evidence  in  support  of  the  doctrine  of  the 
variability  of  molecules.  In  fact  JDcrzelius  suggested  the  term 
allotropism  as  expressive  of  the  idea  that  the  diversities  of 
property  observed  might  depend  on  some  absolute  difference  of 
quality  in  the  different  varieties  of  a  substance,  and  not  upon 
any  dissimilarity  in  the  arrangement  or  number  of  its  mole- 
cules ;  and  we  are  told  '^  that  this  idea  has  ever  since  steadily 
gained  favor,  although  directly  opposed  to  the  doctrine  of  the 
immutability  of  matter,  one  of  the  principal  tenets  on  which 
the  chemistry  of  the  first  half  of  the  century  was  based." 

While  in  allotropism  we  have  the  significant  fact  that  the 
same  element  can  exhibit  the  properties  of  two  different  sub- 
stances, we  have  in  isomerism  a  Kindred  fact, — that  the  same 
substances  combined  in  precisely  the  same  proportions  may 
form  two  or  more  compounds  differing  widely  from  each  other 
in  their  chemical  and  physical  properties.  Whatever  may  be 
the  supposed  differences  of  molecular  arrangement  in  these 
varying  compounds,  such  differences  must  apparently  find  their 
efficient  cause  in  varied  mechanical  and  physical  states  assumed 
by  the  individual  molecules  of  the  constituent  substances. 
Thai  varying  circumstances  of  combination  should  suffice  to 
determine  all  the  supposed  diversities  of  arrangement  of  mole- 
cules, while  the  combining  ^*  chemical  atoms"  retain  the  same 
intensity  of  mutual  action,  seems  in  the  highest  degree  improb- 
able. In  many,  if  not  all  the  cases  of  isomerism,  there  must 
apparently  be  a  true  allotropy,  or  change  of  state  of  the  ulti- 
mate molecule  of  the  different  elements  combined. 

In  corroboration  of  the  evidence  of  the  variability  of  mole- 
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cules  furnished  by  allotropism  and  isomerism,  we  may  mention 
that  "  many  well  known  sabstances  exhibit  differences  in  hard- 
ness, color,  specific  gravity,  solubility,  etc.,  according  to  the 
circumstances  in  which  they  are  produced." 

(8.)  Some  substances  in  the  nascent  state  exhibit  chemical 
properties,  which  they  do  not  possess,  or,  if  at  all,  only  in  an 
inferior  degree,  in  the  ordinary  free  stata  Thus  oxygen, 
hydrogen,  and  nitrogen,  are  much  more  active,  chemically,  in 
the  nascent  than  in  the  free  state.  We  must  then  suppose  that 
the  chemical  molecules  either  differ  in  these  two  stat^  in  the 
number  of  their  constituent  atoms,  or  in  the  physical  and 
mechanical  condition  on  which  their  chemical  activities  depend, 
without  any  difference  in  the  number  of  constituent  atoma 
The  former  supposition  involves  the  improbable  hypothesis 
that  the  same  atoms  regarded  as  endued  with  inherent  forces  of 
a  constant  intensity,  may  take  up  two  or  more  different  relative 
positions  of  equilibrium. 

The  citation  of  facts,  mechanical,  physical,  and  chemical, 
which  furnish  evidence  that  the  ultimate  "^molecule  is  liable  to 
variation,  might  be  extended  almost  indefinitely.  In  fact,  in 
every  change  of  state  which  a  body  may  experience,  and  in 
almost  every  change  of  physical  relation  to  other  substances, 
the  active  forces  exerted  by  the  molecules  on  one  another  are 
different  in  intensity — though  the  temperature  remain  the  same ; 
and,  in  general,  after  the  body  has  been  subjected  to  any  me- 
chanical process,  the  molecules  manifest  different  intensities  of 
mutual  action.  Many  physical  processes  are  attended  with 
similar  results.  Some  of  these  variations  of  molecular  con- 
dition have  been  conjecturally  explained  by  the  vague  hypothe- 
sis that  the  particles  are  differently  arranged— either  that  the 
existing  molecules,  regarded  as  groups  of  kindred  atoms,  take 
on  different  configurations,  or  become  broken  up  and  replaced 
by  othera  But  others  are  of  such  a  character  that  this  expla- 
nation is  wholly  inadmissible  (see  p.  185) ;  and,  in  general,  no 
definite  theory  is  offered  of  a  mechanical  process  by  which  such 
supposed  changes  in  the  constitution  of  the  molecules  may  be 
brought  about. 

If,  in  view  of  the  array  of  evidence  that  has  now  been  pre- 
sented, it  be  admitted  that  the  ultimate  molecule  has  the 
property  of  variability,  in  the  sense  that  has  been  defined,  under 
varying  mechanical  relations  to  other  molecules,  and  the  mole- 
cule be  regarded  merely  as  a  group  of  kindred  atoms,  then  we 
must  conclude  that  these  atoins  are  also  variable^  after  the  same 
manner  as  the  molecule  itself.  For  it  is  obvious  that  a  group 
of  kindred  atoms  cannot  exercise  an  external  action  varying  in 
intensity  at  a  given  distance,  and  increasing  progressively  with 
the  amount  of  change  experienced  in  its  mechanical  relations 
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to  surroundinff  molecules,  if  the  inherent  atomic  forces  suffer 
no  change,  fiut  to  suppose  that  the  inherent  atomic  forces 
vary  in  intensity  at  a  given  distance,  is  to  discard  the  ordinary 
conception  of  the  atom,  which  is  that  it  is  not  only  invariable 
in  its  mass  and  volume,  but  also  in  the  intensity  of  action, 
whether  attractive  or  repulsive,  it  is  capable  of  exerting  on 
another  atom  at  a  given  distance  from  it  We  are  accordingly 
constrained  to  r^ard  the  elementary  parts  of  molecules,  which 
have  received  the  designation  of  atoms  (^*  chemical  atoms '*) 
as  in  reality  liable  to  variation  in  their  capabilities  of  mechani- 
cal action.  But  we  are  not  therefore  under  the  necessity  of  re- 
;jectinff  the  fundamental  idea  of  invariable  atoms,  for  we  may 
instead  regard  the  "chemical  atom"  as  consisting  of  a  true 
atom  of  ordinary  matter  invested  with  an  ethereal  atmosphere, 
and  thus  as  being  an  organized  mechanical  system,  that  may  be 
capable  of  variation  in  its  dimensions  and  force  of  external 
action  at  the  unit  of  distance,  with  varying  external  relations — 
though  the  inherent  forces  of  all  the  atoms  in  the  system  re- 
main unchanged.  This  is  the  general  conception  of  the  *'  chem- 
ical atom  "  which  I  have  adopted  in  my  papers  on  Molecular 
Physics.*  Upon  this  view  the  chemical  atom,  and  the  mole- 
cule (chemical  or  physical)  have  the  same  general  constitution, 
and  differ  only  in  tne  precise  mechanical  state  of  the  ethereal 
atmosphere  that  invests  the  atom  proper.  To  this  last  element 
of  boaies,  incapable  of  change  in  its  mass  as  measured  by  its 
weight,  I  have  given  the  designation  of  the  uJiimate  molecule. 
The  mutual  actions  of  ultimate  molecules  constitute  the  mole- 
cular forces;  and  so  include,  taken  in  the  most  comprehensive 
sense,  the  mutual  actions  of  ultimate  molecules  in  the  differ- 
ent state  answering  to  the  "  chemical  atom,"  "  chemical  mole- 
cule," and  "  physical  molecule."  Upon  this  hypothesis,  with 
regard  to  the  constitution  of  the  chemical  atom  and  molecule, 
it  IS  the  investiture  of  the  atom  proper  with  an  ethereal  atmos- 
phere that  has  armed  it  with  the  power  of  operating  on  adja- 
cent atoms ;  and,  at  the  same  time,  imparted  to  it  its  properties 
with  respect  to  the  physical  agents  of  light,  heat  and  electri- 
city. Tne  definite  conception  I  have  formed  of  the  constitu- 
tion of  this  ethereal  atmosphere,  is  not  that  it  is  simply  a  mass 
of  luminiferous  ether  condensed  around  the  atom.  Such  an 
atmosphere,  perfectly  elastic,  would  be  incapable  of  permanent 
change  as  a  consequence  of  temporary  vanations  of  external 

{>re8sure.    Besides,  while  researches  in  Physical  Optics  have 
ed  to  the  conclusion  that  the  atoms  of  bodies  are  probably 
surrounded  by  such  atmospheres,  electric  phenomena  give  inti- 
mation of  the  presence  in  bodies,  and  in  intimate  association 
with  their  molecules,  of  a  subtile  fluid  termed  the  '*  electric 
*  This  Journal,  Jolj,  1864.  and  Maj,  1872. 
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fluid,"  or  etber.  It  has  been  shown  by  physicists  that  certain 
of  these  phenomena  do  not  absolutely  require  the  admission  of 
an  ether  distinct  from  the  luminiferous,  but  the  same  cannot  be 
said  of  electric  ph^iomena  in  general  Moreover,  all  the 
efforts  hitherto  made  to  explain  electric  phenomena  bv  hypo- 
thetical motions  of  the  atoms  of  bodies,  have  proved  futile. 
No  definite  physical  theory  of  electricity  has  been  framed  that 
does  not  involve  the  conception  of  a  subtile  electric  fluid,  the 
atoms  of  which  repel  each  other,  and  are  attracted  by  those  of 
ordinary  bodies ;  and  we  have  as  yet  no  sufficient  reason  for 
abandoning  the  original  hypothesis  that  this  fluid  is  distinct 
from  the  luminiferous  ether.  If,  then,  there  be  an  electric  ether 
distinct  from  the  luminiferous  and  presumably  less  subtile  (i.  e. 
made  up  of  larger  atoms)  the  ethereal  atmosphere  condensed 
around  an  atom  by  its  attractive  action,  should  consist  of  an 
atmosphere  of  luminiferous  ether  and  an  envelope  of  electric  ether 
immersed  within  this  for  a  certain  depth.  Such  is  the  definite 
conception  I  have  adopted  of  the  constitution  of  the  molecular 
atmosphere.  It  may  be  characterized  as  an  ethereo-electric 
atmosphera  From  this  combined  with  the  fundamental 
hypotnesis  that  recurring  impulses  are  incessantly  exerted  on 
one  another,  bv  all  the  atoms,  ethereal  and  non-ethereal,  that 
make  up  the  ultimate  molecule,  I  have  deduced  the  operation 
of  certam  molecular  forcea  The  two  ethers  condensed  around 
the  atoms,  and  pervading  the  interstices  between  them,  are 
constituted  as  media  capable  of  transmitting  wave  actions,  by 
the  permanent  statical  repulsion  exerted  between  their  atoms. 
The  recurring  impulses  just  mentioned  originate  such  wave 
actions  which  are  propagated  from  one  molecule  to  another. 
The  attractive  impulses  exerted  by  the  central  atom  of  a  mole- 
cule on  its  electric  envelope,  originate  in  it  waves  that  take 
effect  attractively  on  contiguous  molecules.  On  the  other 
hand,  the  repulsive  impulses  exerted  by  the  atoms  of  the  en- 
velope on  each  other,  originate  waves  that  take  effect  re- 
pulsively on  these  molecules.  In  considering  the  action  of  one 
molecule  on  another  contiguous  to  it,  the  virtual  center  of  the 
first  system  of  waves  will  be  somewhat  without  the  inner  sur- 
face of  the  envelope,  and  that  of  the  other  system  somewhat 
within  its  outer  surface — both  centers  being  on  the  line  of  the 
centers  of  the  two  molecules.  It  is  farther  to  be  observed, 
that  the  subsidences  of  the  envelope,  induced  by  the  attractive 
impulses  from  the  central  nucleus,  should  originate  waves  in 
the  dense  luminiferous  ether,  posited  below  the  envelope, 
which  would  be  propagated  indefinitely  outward  and  take 
effect  on  the  contiguous  molecule  as  repulsive  pulses.  But 
this  system  of  wave-actions  may  be  combined  witli  the  attrac- 
tive system   into  resultant  attractive  actions.     The  different 
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sets  of  waves,  emanating  from  diflFerent  virtual  centers,  will  be 
propagated  according  to  the  law  of  inverse  squares.  The 
effective  action  of  one  molecule  on  a  contiguous  one  will  be  the 
difference  between  the  resultant  attractive  action  just  men- 
tioned, and  the  opposing  action  of  the  system  of  repulsive 
waves  first  mentioned.  The  following  is  the  general  expression 
for  this ybrce  of  effective  molecular  action.* 

n{Sr'+2rx)      _  m 
•'""   (r+xy{2r+xy       aj"  ^^ 

in  which  x  denotes  the  distance  between  the  molecular  en- 
velopes, r  the  distance  between  the  center  of  the  system  of  re- 
pulsive waves  first  mentioned  and  that  of  the  system  of  attrac- 
tive waves,  n  the  coeflScient  of  attraction,  and  m  that  of  re- 
pulsion.   If  we  put  a?= ur,  —  =i,  and  -3=^,   this   expression 

becomes 

/      k{S+2u)  1\ 

^-\(l+u)«(2+u)«      u')^'  ^^ 

The  first  term  represents  the  attractive  action,  the  other  the  re- 
pulsive. I  propose,  in  a  subsequent  paper,  to  apply  to  this 
physical  formula  numerous  quantitative  and  qualitative  testaf 
From  the  point  of  view  taken  in  the  present  discussion 
the  important  question  here  arises,  whether  the  ultimate  mole- 
cule as  it  has  been  defined,  endued  with  the  forces  of  external 
action  just  specified,  is  susceptible  of  permanent  variation,  and 
if  so,  how?  It  is,  in  feet,  not  difficult  to  see  that  it  may  be 
subject  to  variation  in  its  dimensions,  and  in  the  coefficients 
(r/  and  m)  of  its  attractive  and  repulsive  wave  impulses,  under 
variations  of  pressui'e.  Suppose  that  the  external  pressure  is 
increased,  and  the  ultimate  molecules  are  thus  urged  nearer  to 
each  other,  the  molecular  envelopes  will  in  consequence  be 
compressed,  and  the  dimensions  of  the  molecules,  as  well  a« 
their  coefficients  of  attraction  and  repulsion  be  altered.  When 
the  compressing  force  is  withdrawn,  if  the  dense  luminiferous 
ether  posited  between  the  envelopes  and  the  central  atoms  of  the 
ultimate  molecules  has  been  merely  compressed  without  an^ 
diminution  of  its  quantity,  the  envelopes  should  return  to  their 
original  position,  and  the  coefficients  of  attractive  and  repul- 
sive wave  actions  to  their  original  value,  and  the  molecules 
would  return  to  their  original  relative  positions  ;  but  in  fact  a 
portion  of  this  dense  ether  will  be  urged  outward  between  the 
atoms  of  the  envelopes,  and  so  when  the  recoil  comes  on,  the 

♦  See  this  Journal,  July,  1864,  p.  68,  and  May,  1872,  p.  338. 

f  A  paper  embodying  the  principal  results  obtained  in  the  application  of  the 
tests  here  referred  to,  was  read  before  the  National  Academy  of  Sciences  at  the 
meeting  in  April  last 
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envelopes  may  fail  to  reach  their  original  distance  from  the 
central  atoma  The  dimensions  of  the  molecules,  as  a  whole, 
may  thus  be  permanently  diminished,  and,  in  consequence,  the 
distance  between  the  centers  of  contiguous  molecules  at  which 
the  opposing  molecular  actions  counterbalance  each  other  be 
permanently  less.  The  coefficients  n  and  m  (eq.  1)  should 
also  be  more  or  less  altered,  and  thus  the  neutral  distance  x 
between  the  contiguous  envelopes  at  which  the  eflFective  force 
/  becomes  zero,  should  vary.  From  the  combined  operation  of 
these  two  causes,  the  relative  positions  of  equilibrium  of  the 
molecules  should  be  more  or  less  altered.  If  a  force  of  tension 
be  applied  to  the  body,  a  permanent  change  of  an  opposite 
character  may  ensue. 

It  still  remains  to  be  seen  how  far  the  molecular  theory 
that  has  been  set  forth,  can  be  reconciled  with  chemical  facts. 
This  question  opens  too  wide  a  field  for  present  discussion  even 
in  the  most  cursory  manner,  but  a  word  or  two  ought  to  be 
said  to  obviate  the  objection  that  may  at  once  occur  to  the 
reader  as  fatal  to  the  theory,  viz:  that  the  absolute  invaria- 
bility of  atoms  is  established  by  chemical  facts.  Strictly  speak- 
ing, these  facts  only  show  the  weight  of  the  atoms  to  be  inva- 
riable, and  that  they  exhibit  the  same  chemical  properties 
whenever  the  relations  to  other  atoms  are  the  same,  and  also  in 
certain  cases  (e.  g.  solution)  over  a  certain  range  of  variation  in 
such  relations;  provided,  also,  the  operation  of  the  physical 
agents  on  them  is  the  same.  But  this  does  not  preclude  the 
supposition  that  large  variations  of  their  mechanical  state  may 
occur  while  the  atoms  are  under  different  mechanical  and  phys- 
ical relations.  It  may  be  added  that  the  received  molecular 
formulas  of  substances  would  still  remain  the  same,  but  would 
have  a  diflTerent  physical  interpretation.  The  hypothesis  of  the 
breaking  up  of  complex  molecules  and  the  formation  of  new 
ones,  woula  be  replaced  by  the  simple  conception  of  the  con- 
traction or  expansion  of  molecular  envelopes,  with  attendant 
variations  of  the  volume  of  the  mass,  and  in  the  physical  and 
chemical  properties  of  the  ultimate  molecules,  which  now  play 
the  part  of  "chemical  atoms."  In  gaseous  compounds  the 
number  of  atoms  specified  in  the  molecular  formula  of  the 
compound,  would  represent  the  proportionate  degree  of  con- 
densation of  the  gaseous  mixture.  Thus,  when  two  volumes 
of  hydrogen  are  mixed  with  one  volume  of  oxygen,  and  by 
the  electric  spark  are  made  to  combine,  the  mixed  gases  would 
be  condensea,  by  reason  of  a  condensation  of  all  the  molecular 
envelopes,  and  thus  a  diminution  in  the  size  of  the  effective 
molecules,  into  a  space  two-thirds  that  occupied  by  the  mixture 
before  the  combination.  The  elementary  volume  of  the 
mass  would  contain  two  ultimate  molecules  (** chemical  atoms'^ 
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of  hydrogen,  and  one  of  oxygen,  just  as  the  "  molecular  vol- 
ume," in  the  received  chemical  theory,  contains  these  atoms. 

If  we  contemplate  this  general  conception  of  chemical 
{phenomena,  deducible  from  our  general  molecular  theory, 
simply  in  the  light  of  a  representative  •  scheme,  it  must  be 
admitted  to  be  far  simpler  than  the  received  theory  ;  which  is, 
for  the  most  part,  only  a  scheme  of  hypothetical  transforma- 
tions supposed  to  be  m  some  inexplicable  way  eflFected  by 
a  force  of  "  affinity  "  or  **  chemism."  For  it  fegards  the  mole- 
cule and  "  chemical  atom  "  as  having  a  similar  physical  consti- 
tution, and  attributes  all  changes  of  chemical  properties  occur- 
ring in  such  molecules  to  contractions  or  expansions  of  their 
ethereal  envelopes,  and  attendant  variations  in  their  active 
forces,  under  the  operation  of  the  molecular  forces  and  physi- 
cal agenta  If  it  should  hereafter  be  made  apparent  that  the 
mechanical  relations  of  dissimilar  ultimate  molecules  may  in 
fact  be  such  that  changes  in  the  dimensions  and  effective  forces 
of  the  molecules  may  supervene,  and  that  a  special  force  of 
attraction  may  come  into  operation  when  two  such  molecules 
come  into  juxtaposition,  it  will  be  seen  that  a  rational  basis  is 
offered  for  a  physical  theory  of  chemical  phenomena. 

Yale  College,  Oot  25,  1878. 


Art.  XXII. — Mobius  on  Eozoon  Canadense  ;*  by  J.  W. 
Dawson,  LL.D.,  F.RS. 

Eozoon  Canadenae  has,  since  the  first  announcement  of  its 
discovery  by  Logan  in  1859,  attracted  much  attention,  and  has 
been  very  thoroughly  investigated  and  discussed,  and  at  present 
its  organic  character  is  generally  admitted.  Still  its  claims  are 
ever  and  anon  disputed,  and  as  fast  as  one  opponent  is  disposed 
of,  another  appeara  This  is  in  great  part  clue  to  the  fact  that 
80  few  scientific  men  are  in  a  position  fully  to  appreciate  the 
evidence  respecting  it  Geologists  and  mineralogists  look 
upon  it  with  suspicion,  partly  on  account  of  the  great  age  and 
crystalline  structure  of  the  rocks  in  which  it  occurs,  parSy  be- 
cause it  is  associated  with  the  protean  and  disputed  mineral 
Serpentine,  which  some  regard  as  eruptive,  some  as  metamor- 
phic,  some  as  pseudomorphic,  while  few  have  had  enough 
experience  to  enable  them  to  understand  the  difference  between 
those  serpentines  which  occur  in  limestones,  and  in  such  rela- 
tions as  to  prove  their  contemporaneous  deposition,  and  those 
which   may  have  resulted  from  the  hydration  of  olivine  or 

*  Der  Baa  dee  BoEOon  Canadenae,  von  Earl  M5biu8,  Professor  der  Zoologie  in 
EieL    PaliBontographica,  Band  xxy. 
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similar  chaDges.  Onl^  a  few  also  have  learned  that  Eozoon  is 
only  sometimes  associated  with  serpentine,  but  that  it  occurs 
also  mineralized  with  loganite,  pyroxene,  dolomite,  or  even 
earthy  limestone,  though  the  serpentinous  specimens  have 
attracted  the  most  attention,  owin^  to  their  beauty  and  abund- 
ance in  certain  localities.  The  biolo^sts  on  the  other  haad^ 
even  those  who  are  somewhat  familiar  wtth  foraminiferal  or- 
ganisms, are  little  acquainted  with  the  appearance  of  these 
when  mineralized  with  silicates,  traversed  with  minute  mineral 
veins,  faulted,  crushed  and  partly  defaced,  as  is  the  case  with 
most  specimens  of  Eozoon.  Nor  are  they  willing  to  admit  the  pos- 
sibility that  these  ancient  organisms  may  have  presented  a  much 
more  generalized  and  less  definite  structure  than  their  modern 
successors.  Worse,  perhaps,  than  all  these,  is  the  circumstance 
that  dealers  and  injudicious  amateurs  have  intervened,  and 
have  circulated  specimens  of  Eozoon^  in  which  the  structure  is 
too  imperfectly  preserved  to  admit  of  its  recognition,  or  even 
mere  fragments  of  serpentinous  limestone,  without  any  struc- 
ture whatever.  I  have  seen  in  the  collections  of  dealers  and 
even  in  public  museums,  specimens  labelled  ".Sbgoon  Cana- 
dense  *'  wnich  have  as  little  c^im  to  that  designation  as  a  chip 
of  limestone  has  to  be  called  a  coral  or  a  crinoid. 

The  memoir  of  Professor  Mobius  affords  illustrations  of  some 
of  these  difficulties  in  the  study  of  Eozoon.  Professor  Mobius 
is  a  zoolo^st,  a  good  microscopist,  fairly  acquainted  with  mod- 
em forammifera,  and  a  conscientious  observer ;  but  he  has  had 
no  means  of  knowing  the  geological  relations  and  mode  of 
occurrence  of  Eozoon^  and  he  has  had  access  merely  to  a  limi- 
ted number  of  specimens  mineralized  with  serpentine.  These 
he  has  elaborately  studied,  and  has  made  careful  drawings  of 
portions  of  their  structures,  and  has  described  these  with  some 
degree  of  accuracy  ;  and  his  memoir  has  been  profusely  illus- 
trated with  figures  on  a  large  scale.  This,  and  the  fact  of  the 
memoir  appearing  where  it  does,  convey  the  impression  of  an 
exhaustive  study  of  the  subject,  and  since  the  conclusion  is 
adverse  to  the  organic  character  of  Eozoon^  this  paper  may  be 
expected,  in  the  opinion  of  many  not  fully  acquainted  with 
the  evidence,  to  be  regarded  as  a  final  decision  against  its  ani- 
mal nature.  Yet,  however  commendable  the  researches  of 
Mobius  may  be,  when  viewed  as  the  studies  of  a  naturalist 
desirous  of  satisfying  himself  on  the  evidenceof  the  material 
he  may  have  at  command,  they  furnish  only  another  illustration 
of  partial  and  imperfect  investigation,  quite  unreliable  as  a 
verdict  on  the  questions  in  hand.  The  following  considerations 
will  serve  to  indicate  the  weak  points  of  the  memoir. 

1.  A  number  of  errors  and  omissions  arise  from  want  of 
study  of  the  fossil  in  situ^  and  from  want  of  acquaintance  with 
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its  various  states  of  preservation.  Trivial  errors  of  this  kind 
are  his  referring  to  my  photograph  in  Plate  III,  of  the  "  Dawn 
of  Life,"  as  if  it  were  natural  size,  and  his  stating  that  the 
larger  specimens  have  fifty  laminae,  whereas  thev  often  have 
more  than  an  hundred,  M!ore  important  is  his  failing  to  appre- 
ciate ariffht  the  occurrence  of  Hozoon  in  certain  layers  of  regu- 
larly beaded  limestones,  the  rounded  or  club-shaped  forms  of 
the  more  perfect  specimens,  the  manner  in  which  the  layers  be- 
come confluent  at  the  edges  of  the  forms,  as  described  by  Sir 
W.  E.  Logan  and  myself,  or  the  amount  of  crushing  and  frac- 
ture which  most  of  the  specimens  exhibit.  Thus  he  fails  to 
convey  any  adequate  idea  of  the  Stromatoporoid  forms  and 
mode  of  occurrence  of  the  organism,  or  indeed  of  its  general 
character  and  probable  mode  of  growth.  Farther  he  treats  it 
from  the  first  as  a  mere  laminated  aggregate  of  calcite  and 
serpentine,  without  reference  to  its  occurrence  in  any  other 
state,  and  also  without  reference  to  the  f ragmental  limestones  in 
pan  made  up  of  its  remaina  He  objects  strongly  to  the  want 
of  definiteness  of  form  and  distribution  in  the  chambers  and 
connecting  passages,  without  making  allowance  for  defects  of 
preservation,  or  mentioning  the  similar  want  of  defined  form  in 
some  tStromatoporoB,    He  admits,  however,  that  the  modem  Car- 

Snieria  and  its  allies  are  in  some  respects  equally  indefinite, 
e  farther  objects  to  the  impossibility  of  detecting  regular 
primary  chambers  like  those  in  modem  foraminifera,  but  seems 
not  to  be  aware  that,  as  I  have  recently  shown,  some  JSiromato- 
porcB  originate  in  a  vesicular,  irregular  mass  of  cells,  and  that 
in  J^Jiusia,  both  the  Eocene  L.  Persica^  and  the  Carboniferous 
L.  Columbmna^  the  primary  chamber  is  represented  by  a  merely 
cancellated  nucleus.* 

2.  With  reference  to  the  finely  tubulated  proper  wall  of 
Eozoon,  he  has  fallen  into  an  error  scarcely  excusable  in  an 
observer  of  his  experience,  except  on  the  plea  of  insuflicient 
access  to  specimens  He  confounds  the  proper  wall  with  the 
chrysotile  veins  traversing  many  of  the  specimens,  and  obvi- 
ously more  recent  than  the  bodies  whose  fissures  they  fill. 
That  he  does  so  is  apparent  from  his  stating  that  the  proper- 
wall  structure  sometimes  crosses  the  bands  of  serpentine  and  cal- 
cite, and  also  that  it  presents  a  series  of  parallel  four-sided 
prisms,  whereas,  when  at  all  perfectly  preserved,  it  shows  a 
series  of  cylindrical  threads  penetrating  a  calcite  wall.  That 
some  of  his  specimens  have  contained  the  proper  wall  fairly 
preserved  is  obvious  from  his  own  figures,  in  which  it  is  possi- 
ble to  recognize  both  this  structure  and  chrysotile  veins,  though 
confounded  by  him  under  the  same  designation.  He  objects, 
somewhat  naYvely,  that  many  of  the  chambers  fail  to  exhibit 
*  See  Journal  of  London  GeoL  Soc,  January,  18*78. 
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this  Dummuline  wall,  and  that  it  sometimes  presents  a  ragged 
appearance  or  is  altogether  opaoue.  In  point  of  fact  it  can 
appear  distinctly,  either  in  decalcified  specimens  or  in  slices, 
only  when  the  minute  tubes  are  filled  with  some  substance 
optically  distinguishable  from  calcite,  or  not  acted  on  by  dilute 
acid.  When  the  proper  wall  is  merely  calcareous  (and  I  have 
specimens  shov^ing  tnat  it  is  often  in  this  state,  and  without 
any  serpentine  in  its  pores),  its  structure  is  ordinarily  invisible, 
and  it  is  the  same  when  the  calcareous  skeleton  has  from  any 
cause  lost  its  transparency  or  has  been  replaced  by  some 
other  mineral  substance.  Even  in  thickish  slices,  the  tubes, 
though  filled  with  serpentine,  may  be  so  piled  on  one  another 
as  to  be  indistinct  All  this  may  be  seen  in  Tertiary  Nummu- 
liUs.  When  wholly  calcareous  their  tubulation  is  often  quite 
invisible,  and  when  imperfectly  injected  with  glauoonite  or 
other  silicates,  they  often  present  a  very  irregular  appearance. 
If  Professor  Mobius  will  study  the  Nummulites  injected  with 

flauconite  from  Kempten,*  Bavaria,  in  addition  to  the  casts  of 
hlystomella  from  the  Mgeem  to  which  he  refers,  he  will  be 
better  able  to  appreciate  these  points.  It  may  be  worth  re- 
peating here  that,  in  examining  the  original  specimens  of 
'  feozoon,  I  did  not  recognize  the  proper  walL  I  did  not  doubt 
that  it  must  have  existed  in  some  form,  since  I  could  easily 
detect  the  canals  in  the  supplemental  skeleton  ;  but  I  did  not 
wonder  at  its  non-appearance,  knowing  the  chances  against  its 
preservation  in  a  recognizable  form.  Its  discovery  was  due  to 
the  subsequent  investigations  of  Dr.  Carpenter.f 

3.  To  the  canal  system.  Professor  Mobius  does  more  justice, 
and  admits  its  great  resemblance  to  the  forms  of  this  structure 
in  modern  Foramini/era.  This  indeed  appears  from  his  own 
figures,  as  will  be  seen  from  the  fac-simile  tracings  reproduced 
here,  figs.  1,  2,  8  and  4,  which  well  show  how  wonderfully 
this  structure  has  been  preserved,  and  how  nearly  it  resembles 
the  similar  parts  of  modern  Foraminifera.  He  thmks,  however, 
that  these  round  and  regularly  branching  forms  are  rather  ex- 
ceptional, which  is  a  mistake ;  though  it  is  true  that  the  sec- 
tions of  the  larger  canals  are  often  somewhat  flattened,  and  that 
they  become  flat  where  they  branch.  They  are  also  sometimes 
altered  by  the  vicinity  of  veinlets  or  fractures,  or  by  minute 
mineral  segregations  in  the  surrounding  calcite,  accidents  to 
which   all  similar  structures  in   fossils  are  liable.     Another 

*I  am  indebted  to  Dr.  Otto  Hahn  for  specimens  of  these  most  interesting 
fossils. 

fit  may  deserve  mention  here  that  the  Carboniferous  JFlmJina  very  rarely 
shows  its  tubulated  waU,  and  that  Dr.  Carpenter  had  maintained  its  Nummuline 
affinities  before  he  obtained  specimens  showing  this  particular  structure.  Struc- 
tures so  delicate  as  these  are  indeed  only  preserved  exceptionally  in  fossil  speci- 


Am.  Joub.  801.— Thuu)  Sbbim,  Vol.  XYIL  No.  99.— Maboh,  1S79. 
14 


Digitized  by 


Google 


200  eT".  W,  Dawson — Mobius  on  Eozoon  Oanadense. 

objection,  not  original  with  him,  is  derived  from  their  uneqaal 
dimensions.  It  is  true  that  they  are  very  unequal  in  size,  out 
there  is  some  definiteness  about  this.  They  are  larger  in  the 
thicker  and  earlier  formed  layers,  smaller  or  even  wanting  in 
the  thinner  and  more  superficial.  In  some  slices  the  thicker 
trunks  only  are  i)reservea,  the  slender  branches  having  been 
filled  with  dolomite  or  calcite.  It  is  dif&cult,*  also,  to  obtain, 
in  any  slice  or  any  surface,  the  whole  of  a  group  of  canals.* 
Farther,  as  I  have  shown,  the  thick  canals  sometimes  give  off 
groups  of  very  minute  tubes  from  their  sides,  so  that  the  coarser 
and  nner  canals  appear  intermixed.  These  appearances  are  by 
no  means  at  variance  with  what  we  know  in  other  organic 
structures.  Another  objection  is  taken  to  the  direction  of  the 
canals,  as  not  being  transverse  to  the  laminae  but  oblique. 
This,  however,  may  be  dismissed,  since  Mobius  has  of  course 
to  admit  that  it  is  not  unusual  in  modern  Foramtni/era.  It  may 
be  added  that  some  of  the  appearances  which  puzzled  Mobius, 
and  which  are  represented  m  his  figures,  evidently  arise  from 
fractures  displacing  parts  of  groups  of  canals,  and  from  the 
apparently  sudden  truncation  of  these  at  points  where  the 
serpentine  filling  gives  place  to  calcite.  It  would  also  have 
been  well  if  he  had  studied  the  canal  systems  of  those  tStroma- 
toporce  which  have  a  secondary  or  supplemental  skeleton,  as 
Oxnostroma  and  Caunopora.  In  illustration  of  this  I  give  in 
tig.  5  a  group  of  these  canals  from  a  recent  paper  of  my 
own.f 

4.  A  fatal  defect  in  the  mode  of  treatment  pursued  by 
Mobius  is  that  he  regards  each  of  the  structures  separately, 
and  does  not  sufficiently  consider  their  cumulative  force  when 
taken  together.  In  this  aspect,  the  case  of  Eozoon  may  be  pre- 
sented thus :  (1.)  It  occurs  in  certain  layers  of  widely  dis- 
tributed limestones,  evidently  of  aqueous  origin,  and  on  other 
grounds  presumably  organic.  (2.)  Its  general  form,  lamina- 
tion and  chambers,  resemble  those  of  the  Silurian  Stromatopora 
and  its  allies,  and  of  such  modem  sessile  foraminifera  as  Carpen- 
teria  and  Polyirema.  (8.)  It  shows  under  the  microscope  a 
tubulated  proper  wall  similar  to  that  of  the  Nummuiites, 
though  of  even  finer  texture.  (4.)  It  shows  also  in  the  thicker 
layers  a  secondary  or  supplemental  skeleton  with  canals.  (6.) 
Tnese  forms  appear  more  or  less  perfectly  in  specimens  miner- 
alized with  veiy  different  substances.  (6.)  The  structures  of 
EoToon  are  of  such  generalized  character  as  might  be  expected 
in  a  very  early  Protozoan.  (7.)  It  has  been  found  in  various 
parts  of  the  world  under  very  similar  forms,  and  in  beds 
approximately  of  the  same  geological  horizon.    (8.)  It  may  be 

*  I  haye  succeeded  best  in  this  by  etching  the  surface  of  broken  specimens, 
f  Journal  of  London  Geological  Society,  January,  18*78. 
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Canals  of  Eotoon  (after  Mobiua).  liner  canals  of  Eomxm  (after  Mdbiua). 


Ganals  of  modem  CtiUearina 
(after  Mdbius). 


Ganals  and  Tubule  of  Tertiary 
Nummulina  (after  Mobius). 


Canals  of  Ckdnogiema — ^Upper  Silurian — (original). 
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added,  though  perhaps  not  as  an  argument,  that  the  discovery 
of  Eozoon  affords  a  rational  mode  of  explaining  the  immense 
development  of  limestones  in  the  Laurentian  age ;  and  on  the 
other  hand  that  the  various  attempts  which  have  been  made  to 
account  for  the  structures  of  Eo7x>on  on  other  hypotheses  than 
that  of  organic  origin  have  not  been  satisfactory  to  chemists  or 
mineralogists,  as  Dr.  Hunt  has  very  well  shown. 

Professor  Mobius,  in  summing  up  the  evidence,  hints  that 
Dr.  Carpenter  and  myself  have  leaned  to  a  subjective  treatment 
of  Eozoorij  representing  its  structure  in  a  somewhat  idealized 
manner.  In  answer  to  this  it  is  necessary  only  to  say  that  we 
have  given  photographs,  nature-prints  and  camera  tracings  of 
specimens  actually  in  our  possession.  We  have  not  thought  it 
desirable  to  figure  the  most  imperfect  or  badly  preserved  speci- 
mens,'though  we  have  taken  pains  to  explain  the  nature  and 
causes  of  such  defects.  Of  course,  when  attempts  at  restoration 
have  been  made,  these  must  be  taken  as  to  some  extent  conjec- 
tural ;  but  so  far  as  these  have  been  attempted  they  have  con- 
sisted merely  in  the  effort  to  eliminate  the  accidental  conditions 
of  fossilized  bodies,  and  to  present  the  organism  in  its  original 
perfection.  Such  restorations  are  not  to  be  taken  as  evidence, 
out  only  as  illustrations  to  enable  the  facts  to  be  more  easily 
understood.  It  is  to  be  observed,  however,  that  in  the  study 
of  such  fossils  as  Eozoon^  the  observer  must  expect  that  only  a 
small  proportion  of  his  specimens  will  show  the  structures  with 
any  approach  to  perfection,  and  that  comparison  of  many  speci- 
mens prepared  in  different  ways  may  be  necessary  in  order  to 
understand  any  particular  feature.  A  single  figure  or  a  short 
description  may  thus  represent  the  results  of  days  spent  in  the 
field  in  collecting,  of  careful  examination  and  selection  of  the 
specimens,  of  the  cutting  of  many  slices  in  different  directions, 
and  of  much  study  of  these  with  different  powers  and  modes  of 
illumination.  My  own  collection  contains  hundreds  of  pre- 
parations of  Eozoon^  each  of  which  represents  perhaps  hours 
of  labor  and  study,  and  each  of  which  throws  some  light  more 
or  less  important  on  some  feature  of  structure.  The  results  of 
labor  of  this  kind  are  unfortunately  very  liable  to  be  regarded 
as  subjective  rather  than  objective  by  those  who  arrive  at  con- 
clusions in  easier  ways. 

Taken  with  the  above  cautions  and  explanations,  the  memoir 
of  Professor  Mobius  may  be  regarded  as  an  interesting  and 
useful  illustration  of  the  structures  of  Eozoon,  though  from 
a  point  of  view  somewhat  too  limited  to  be  whmly  sat- 
isfactory. 
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Art.  XXUL—The  Magnetic  Storm  of  May  14,  1878,  observed  in 
North  America. 

[Communicated  by  Carlile  P.  Patterson,  Superintendent  United  States  Ck>a8t  and 

(Geodetic  Survey.] 

The  extensive  magnetic  disturbance  of  May  14,  1878,  of 
which  accounts  have  been  given  in  Nature,*  and  which  was 
observed  in  China,  Australia  and  England,  also  made  its 
record  in  North  America  at  our  magnetic  observatory,  estab- 
lished at  Madison,  Wisconsin,  in  the  winter  of  1876-1877. 
This  observatory  is  in  latitude  48**  04'  29'' '5,  and  in  longitude 
5*"  57™  86»*5  west  of  Greenwich ;  in  it  are  mounted  a  set  of 
Brooke's  Magnetographs,  and  daily  photographic  traces  *of  the 
changes  in  magnetic  declination  and  m  the  horizontal  and  ver- 
tical forces  have  been  produced  since  March,  1877,  and  are 
intended  to  be  kept  up  for  some  years.  The  declination  traces 
for  several  days  preceding  the  14th  were  normal,  but  about 
midnight  May  13-14,  a  series  of  disturbances  commenced  con* 
sisting  in  part  of  some  large  oscillations  to  the  eastward  and 
westward,  and  in  part  of  a  great  number  of  small  and  rapid 
oscillations.  The  characteristic  features  of  the  trace  may  be 
given  as  follows : 

MadUoD  Greenwich 

meui  time.  mesn  time. 

d.  h.  m.  d.  h.  m. 

The  disturbance  in  decUnaiion  commenced  about 14  0  00  a.  x.      14  6  68  ▲.  x. 

f  A  principal  westerljf  extreme  reached 106     •*  7  03    " 

A  principal  easterly  extreme  reached 2  36    "  8  34    " 

Eange  of  motion  16''5 ;  after  this  a  series  of  smaller  oscilla- 
tions continue  to  past  noon. 

d.  ta.  m.  d.     h.  in. 

A  maximum  westerly  position  is  reached  about 0  16  p.  x.  6  14  p.  x. 

And  an  easterly  extreme  at 0  53    **  6  61     *' 

Extreme  westerly  deflection  at 3  26     *  9  24    " 

)A  sharp  motion  to  the  eastward  commences  at. . .      6  40    **  11  38    " 

A  prindpal  easterly  extreme  reached  at 6  24    **  16    0  22  a.  x. 

Range  of  motion  of  principal  disturbance  81''7. 

There  is  also  a  westerly  extreme  about 7  10    '*  108    " 

And  an  easterly  extreme  about 9  16    '*  3  14    *' 

After  10  p.  M.  the  irregularities  gradually  subside. 

Last  extreme  easterly  position 16  1  10  a.  x.  7  08    ** 

It  will  be  noticed  that  at  the  Greenwich  observatory  the 
storm  commenced  on  May  14,  at  6*»  06"  A.  M.,  at  Stonyhurst 
observatory  at  6*»  04™,  at  Zi-ka-wei,  near  Changhai,  also  at  6^ 
04"  (Gr.  time),  and  at  Melbourne  supposed  at  6*>  20" ;  the  storm 
may  therefore  be  taken  as  simultaneous  at  these  places.     At 

*  VoL  xriii,  Nos.  467,  468,  469.         f  Referring  to  north  end  of  the  magnet 
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Gi^eenwich  the  north  end  of  the  needle  moved  eastward  between 
6  and  9  A.  K.,  but  at  Madison  the  general  motion  was  westerly  ; 
again  the  sharp  deflection  commencing  at  5^*  40™  Mad.  time  (IP 
88"  P.  M.  Gr.  time)  was  to  the  eastward  at  Madison,  and  to  the 
westward  after  1 1**  45™  at  Greenwich,  thus  deflecting  the  mag- 
nets in  opposite  directions. 

The  northern  component  of  the  horizojiial  force  was  sharply 
aflFected  at  Madison,  the  force  diminishing  at  14<*  0**  06™  A.  M., 
Madison  time,  W  6^  08™  A.  ic.,  Greenwich  time.  The  disturb- 
ance continued,  but  between  2^  and  7^  A.  M.,  the  trace  is  too 
indistinct  to  be  read ;  the  small  oscillations  continue  to  about 
11^  45™,  when  they  become  superseded  by  a  series  of  larger 
waves  cuhninating  in  a  maximum  extreme  at  2**  80™  P.  M.,  Mad- 
ison time,  8^  28™  P.  M.,  Greenwich  time,  and  a  minimum  at  8** 
68™  P.  M.,  Madison  time,  9**  66™  P.  M.,  Greenwich  time.  The 
large  disturbances  continue  till  about  10*  20™  P.  M.,  having 
reached  a  maximum  extreme  about  4**  60™  P.  M,,  Madison  time, 
10**  48™  P.  M.,  Greenwich  time,  and  a  minimum  extreme  at  9* 
08™  P.  M.,  Madison  time ;  15^  8**  01™  a.  ic.,  Greenwich  time. 
Range  between  maximum  at  2**  80™,  and  minimum  at  9**  08™, 
j^j  of  the  horizontal  force,  nearly.  In  the  Greenvrich  account 
it  is  stated  "'  the  first  start  in  the  trace  of  the  declination  mag- 
net at  18**  05™  (Astr.  Rec.)  is  most  distinct.''  Now  within  two 
minutes  of  this  time  occurs  the  first  and  sharpest  deflection  in 
our  horizontal  force  trace  at  Madison,  thus  marking  distinctly 
the  commencement  and  simultaneousness  of  the  storm. 

The  disturbance  in  the  vertical  force  commenced  about  May  14, 
1"*  10™  A.  M.  (7**  08™  Gr.  time),  and  terminated  about  8**  80™  A.M. ; 
between  this  time  and  6**  45™  p.  M.,  the  trace  was  smooth,  but 
between  6**  46™  and  6**  45™  a  sharp  deflection  took  place  in  the 
opposite  direction,  the  maximum  force  occurring  at  6**  11™  P.M. 
(May  16,  0**  09™  a.  m.  Gr.  time),  the  deflection  or  increase 
amounted  to  j^^  of  the  vertical  forca  The  vertical  force  trace 
did  not  exhibit  any  of  the  tremulous  motion  noticed  in  the 
other  two  curvea 

I  may  state  that  a  description  of  the  Madison  magnetic 
observatory,  together  with  the  discussion  of  the  first  year's 
observations  and  results,  is  nearly  ready  in  manuscript  for  pub- 
lication. Chas.  a.  Schott, 

Assistant  0.  and  G.  S.  in  charge  Obserratoij. 
Ooast  Survey  Office,  Washington,  D.  0.,  Jan.  6, 1879. 
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Art.  XXIV. — On  the  Flocculation  of  Particles^  and  its  Physical 
and  Technical  Bearings;  by  EuGENE  W.  HiLGARD,  of  the 
University  of  California. 

I  HAVE  heretofore  (this  Journal,  Oct  and  Nov.,  1878)  dis- 
cussed, casually  rather  than  directly,  the  tendency  of  small 
particles  to  form,  under  the  influence  of  a  moderate  agitation, 
granular  aggregates  or  compound  particles  of  larger  size,  op- 
posing to  mecnanical  disintegration  more  or  less  resistance, 
according  to  the  circumstances  of  temperature  and  moisture. 
Some  discussions  since  made,  and  more  especially  that  of  Pro- 
fessor S.  W.  Johnson,  on  the  Mechanical  Effects  of  Tillage,* 
appear  to  me  to  render  desirable  a  more  detailed  consideration 
of  the  various  bearings  of  this  phenomenon,  which,  despite  its 
simplicity,  and  obviousness  in  every-day  life,  seems  not  to 
have  received  all  the  attention  it  deserves.  This  is  strikingly 
exemplified  in  the  modes  of  experimentation  and  the  more  or 
less  contradictory  results  obtained  by  different  observers — Von 
Klenze,  Haberlandt,  Ad.  Mayer,  Nessler,  and  others  who  have 
studied  the  capillary  relations  of  soils  to  water.  In  comparing 
the  effects  of  "packing"  and  "loosening"  of  powders  and 
soils  upon  their  relations  to  water,  it  makes  a  material  differ- 
ence whether  the  material  used  was  dry,  damp  or  wet,  and 
whether  or  not  the  soil  had  been  previously  under  tillage  lor 
some  length  of  time.  Again,  Jonnson  seems  to  incline  to 
attribute  to  the  flocx^ulation  of  the  clay  in  soils,  by  various 
agencies,  effects  which,  I  think,  clearly  belong  to  all  small  par- 
ticles as  such. 

Perhaps  the  best  fundamental  experiment  (which  can  be 
neatly  projected  on  a  screen  by  the  beam  of  a  magic  lantern)  is 
the  one  described  in  my  previous  paper  (loa  cit,  p.  290).  A 
sediment  consisting  of  granules  of  the  uniform  hydraulic  value 
of  1™"*  per  second,  is  introduced  into  an  ordinary  conic-cylin- 
drical elutriating  tube,  placed  vertically,  in  which  the  current 
of  water  entering  at  the  small  orifice  below,  alone  performs  the 
stirring-up  needed  to  keep  the  sediment  from  settling  down. 
K  now  a  current  of  water  be  turned  on,  corresponding  to  a 
velocity  below  that  of  1"™  at  the  mouth  of  the  tuoe,  of  course 
none  of  the  sediment  can  pass  out  of  the  upper  end,  but  it  will 
be  kept  circulating  in  the  conical  portion,  by  a  current  going 
upward  in  the  axis  of  the  tube,  and  downward  on  the  sloping 
sides  of  the  cone.  If  this  be  kept  up  for  ten  or  fifteen  min- 
utes, and  then  the  velocity  gradually  increased,  it  will  be  found 
that  scarcely  any  of  the  sediment  will  pass  off,  either  at  the 

•  Rep.  Oonn.  Exp.  Station  lor  1877. 
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velocity  corresponding  to  its  true  hydraulic  value,  or  even  at 
one  four  or  five  times  higher;  the  cause  being  that  its  single 
grains  have  coalesced  or  ** flocculated"  into  compound  grams 
of  from  five  to  thirty  or  more  of  the  original  ones,  thus  forming 
in  effect  a  very  coarse  sediment  of  roundish  masses.  When 
these  are  allowed  to  settle,  it  will  be  seen  that  this  altered  sedi- 
ment occupies  a  very  much  larger  space  than  did  the  original 
single-grain  sediment,  in  consequence  of  the  large  vacant  spaces 
left  between  the  aggregate-grains;  the  relation  between  the 
two  being  somewhat  like  that  between  gunpowder  dust  and 
coarse  blasting  powder. 

If  now  the  coarse  sediment  be  violently  stirred  by  shaking 
up,  or  if  it  be  boiled  even  lightly,  the  heavv  masses  disappear, 
the  water  becomes  uniformly  turbid,  and  after  the  proper  time 
of  quiescence,  a  thin  horizontal  layer  of  single-grain  sediment 
is  formed  at  the  bottom  of  the  vessel. 

There  is  nothing  very  remarkable  or  new  in  this  experiment ; 
every  chemist  knows  the  phenomena  it  exhibits  from  every-day 
experience,  and  acts  upon  it  in  the  gentle  stirring  civen  to 
liquids  in  which  precipitates  just  forming  are  desired  to  floc- 
culate. Every  geologist  has  seen  the  flocculent  aggregate- 
granules  rolled  alon^  the  bottom  by  a  depositing  current,  and 
has  noticed  the  rapid  clearing  of  the  gjentle  stream  after  it  has 
been  rendered  turoid  by  stirring ;  while  quiescent  pools  in  the 
same  material  have  remained  turbid  for  some  length  of  time. 
The  experiment  with  the  elutriator-tube,  however,  is  well 
adapted  to  the  demonstration  of  the  following  laws  governing 
the  formation  of  aggregates  of  immersed  particles : 

1.  The  tendency  to  flocculation  is  roughly  in  inverse  ratio  to 
the  size  of  the  particles.  I  have  already  stated  (loc.  cit,  p. 
291)  that  with  quartz  grains  it  practically  ceases  when  their 
diameter  exceeds  about  0*2™  or  8™"*  hydraulic  value.  It  goes 
without  saying  that  the  number  of  particles  that  may  cohere 
into  one  mass,  follows  substantially  the  same  law.  Sediment 
of  0*25"™  hydraulic  value,  will  sometimes  form  large  masses, 
like  snow  flakes,  on  the  sides  of  the  elutriator-tube. 

2.  The  degree  of  agitation  which  will  resolve  the  aggregates 
into  single  grains,  is  (roughly)  inversely  as  the  size  of  the  par- 
ticles ;  or  more  properly,  perhaps,  inversely  as  their  hydraulic 
value. 

8.  The  tendency  to  flocculation  varies  inversely  as  the  tem- 
perature. In  water  near  the  boiling  point  it  is  very  slight;  so 
strikingly  less,  that  at  one  time  I  seriously  contemplated  the 
use  of  such  water  in  the  mechanical  analysis  of  soils,  in  lieu  of 
the  mechanical  stirring.  The  difficulties  of  construction  and 
manipulation  of  course  render  this  method  undesirable,  even  if 
it  were  altogether  efficient 
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4.  The  presence  of  alcohol,  ether,  and  of  catistic  or  carbona- 
ted alkalits,  materially  diminishes  the  tendency  to  floccalation  ; 
while  the  presence  of  acids  and  neutral  salts  seems  to  in- 
crease it 

5.  As  between  sediments  of  equal  hydraulic  value  but  differ- 
ent density,  the  tendency  to  flocculation  seems  to  be  greater 
with  the  less  dense  particles. 

My  object  beinff,  at  the  time,  not  so  much  the  determination 
of  a  question  of  abstract  physics,  but  the  finding  of  an  accurate 
and  practicable  method  of  mechanical  soil-analysis,  I  have  not 

Pursued  farther  the  interesting  points  suggested  by  4  and  5. 
'he  observations  made,  however,  rendered  a  uite  obvious  a  close 
relation  between  the  capillary  properties  of  liquids  and  the  floc- 
culative  tendency  of  seaiments  suspended  in  them.  Just  what 
this  relation  is,  must  be  determined  by  farther  experiment; 
nor  will  I  undertake  to  discuss  at  this  time  what  is  tne  precise 
nature  of  the  attraction  that  causes  the  formation  of  these 
flocculated  aggregates,  and  when  formed  holds  them  together. 
Bearding  the  single  particles  as  irregular  spheroids,  each  of 
which  can,  at  best,  come  in  contact  at  three  points  with  any 
other  particle,  it  cannot  be  mere  surface  adhesion  independent 
of  the  liquid ;  and  the  particles  being  submerged,  there  is  no 
meniscus  to  create  an  adhesive  tension.  Since  experiment 
shows  that  the  flocculative  tendency  is  measurably  governed 
by  the  cohesion-coefficient  of  the  liquid,  it  seems  necessary  to 
assume  that  capillary  films  of  the  latter  interposed  between  the 
surfaces  of  solids,  do  create  a  considerable  adhesive  tension 
even  in  the  absence  of  a  meniscus ;  an  assumption  that  would 
seem  to  be  rendered  necessary  also  by  the  enormous  increase  of 
adhesion  caused  by  the  interposition  of  a  solid  film  of  liquid 
between  plane  plates,  even  when  submerged,  as  compared  with 
that  of,  e.  g.,  two  watch  glasses  adhering  only  by  their  wetted 
edges,  with  two  concentric  circles  of  menisci.  A  priori^  it  is  to 
be  supposed  that  the  surface  tension  known  to  exist  between 
two  liquid  surfaces,  must  exist,  and  exert  a  corresponding  influ- 
ence between  the  surfaces  of  solids  and  liquids,  apart  from  any 
meniscal  action.  T  am  unable  to  find  that  any  exhaustive  in- 
vestigation of  this  particular  phase  of  the  subject  of  molecular 
attraction  has  as  yet  been  made. 

It  is  of  course  to  be  expected,  that  the  adhesion  of  the  parti- 
cles constituting  one  of  these  floccules  will  be  very  materially 
increased  whenever  the  formation  of  menisci  between  them  be- 
comes possible  by  the  removal  of  the  general  liquid  mass. 
Suppose  one  of  the  floccules  to  be  "stranded,"  it  will  in  the 
first  place  remain  immersed  in  a  sensibly  spherical  drop  of 
liquid.  As  this  liquid  evaporates,  the  spherical  surface  will  be- 
come pitted  ¥nth  menisci  forming  between  the  single  projecting 
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particles ;  and  as  these  menisci  diminish  their  radius  by  still 
farther  evaporation,  the  force  with  which  they  hold  the  parti- 
cles together  will  increase,  until  it  reaches  a  maximum,  the 
position  of  which  (expressed  in  the  liquid-percentage  of  the 
mass)  must  be  sensibly  a  function  of  the  size  of  the  constituent 
particles.  As  the  evaporation  progresses  beyond  this  point  of 
maximum,  the  adhesion  of  the  constituent  particles  must 
diminish  by  reason  of  the  disappearance  of  the  smaller  menisci ; 
and  when  finally  the  point  is  reached  when  liquid  water  ceases 
to  exist  between  the  surfaces,  the  slightest  touch,  or  sometimes 
even  the  weight  of  the  particles  themselves,  will  cause  a  com- 
plete dissolution  of  the  floccule,  which  then  flattens  down  into 
a  pile  of  single  grannies. 

All  this  can  readily  be  observed  by  any  one  in  the  progress 
of  a  mechanical  soil  analysis  ;  provided  only  that  the  complete 
separation  of  the  clay  from  the  siliceous  sediments  has  oeen 
previousVv  accomplished  in  the  manner  set  forth  in  my  former 
paper.  The  presence  of  flocculated  or  coagulated  clav  modi- 
fies the  phenomena,  in  so  far  as  it  tends  to  hold  the  fioccules 
together  under  circumstances  that  in  its  absence  would  have 
caused  a  complete  collapse. 

I  now  proceed  to  discuss  some  of  the  obvious  bearings  of  the 
phenomenon  of  flocculation  upon  natural  as  well  as  artificial 
processes. 

First,  as  regards  the  formation  of  aaueous  deposits,  it  is 
obvious  that  it  is  but  very  rarely  that  tney  can  be  deposited 
otherwise  than  in  a  flocculated  condition.  As  a  rule,  the  water 
cannot  assort  in  accordance  with  their  individual  hydraulic 
value,  any  sediments  below  that  of  8™™  per  second,  or  about 
Q^mm  diameter ;  and  the  complex  particles  thus  formed  are  de- 
posited along  with  single  ones  of  much  higher  hydraulic  value. 
The  deposition  of  such  an  intractable  substance  as  "  pure  clay" 
would  be,  as  well  as  that  of  any  one  sediment  of  very  limited 
range  as  to  size  or  hydraulic  viJue,  is  thus  practically  impossi- 
ble, save  under  very  exceptional  circumstances.  Were  this 
otherwise,  the  local  occurrence  of  soils  and  rocks  of  extreme 
character,  both  as  to  chemical  and  mechanical  composition, 
would  be  much  more  frequent  than  is  actually  the  case. 

The  fact  that,  as  a  consequence  of  known  processes  in  the 
formation  of  aqueous  deposits,  the  latter  must  oe  considered  as 
constituted  of  compound  spheroid  granules,  at  once  determines 
the  view  of  Tyndall  regarding  the  cause  of  slatv  cleavage  by 
compression,  to  be  the  true  one,  as  against  that  of  Sorby.  Yet 
Tyndall,  while  assuming  such  structure  to  exist,  fails  to  assign 
any  definite  cause,  outside  of  crystalline  masses.  It  would  be 
interesting  to  make  the  counter-test,  and  prove  that  when  (as 
can  readily  be  done)   the   flocculated  structure  is  destroyed 
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previous  to  the  application  of  pressure,  slaty  structure  does  not 
result  either  at  all,  or  in  as  marked  a  degree.  I  hope  to  make 
this  experiment  before  long. 

The  destruction  of  the  floccules  is  effected  by  what  is  known 
in  the  arts  as  the  tamping  or  *'  puddling  *'  of  earth  or  clay.  It 
is  the  result  of  violent  agitation  with  water,  or  of  kneading, 
boiling,  or  finally,  to  a  certain  extent,  of  freezing.  All  these 
agencies  are  employed  by  the  workers  in  clay  for  the  purpose 
01  increasing  plasticity,  which  depends  essentially  upon  the 
finest  possible  condition  of  the  material  to  be  worked :  for 
when  it  is  in  a  fiocculent  or  granular  condition,  it  assumes 
more  or  less  the  properties  of  sand. 

The  latter  fact  can  be  most  strikingly  shown  in  the  following 
manner:  Let  any  clay  or  clay  soil  be  worked  into  a  plastic 
paste  with  water  and  then  dried ;  the  result  will  be  a  mass  of 
almost  stony  hardness.  Add  to  the  same  paste  about  0*6  per 
cent  of  caustic  lime,  which  substance  (as  snown  by  Schloesing 
and  myself)  possesses  in  an  eminent  degree  the  property  of 
coagulating  clay  into  floccules.  The  diminution  of  plasticity 
will  be  obviou^at  once,  even  in  the  wet  condition  ;  and  upon 
dr3ring,  the  mass  will  &11  into  a  nile  of  crumbs  upon  a  mere 
touch,  or  dropping  it  on  the  noor — a  striking  lecture  ex- 
periment, as  well  as  a  convincing  illustration  of  the  effect  of 
liming  upon  clay  soils,  in  rendering  them  "  warmer  "  and  more 
readily  tilled.  I  found  that  bubbling  carbonic  acid  gas  through 
a  magma  of  the  limed  clay  for  twenty-four  hours,  when  all 
alkaline  reaction  had  disappeared,  had  failed  to  restore  the 
plasticity  even  when,  after  drying,  the  carbonate  solution  had 
been  destroyed.  This  agrees  with  the  experience  of  farmers 
that  the  "  lightening  "  effect  of  a  liming  continues  for  years  to 
be  very  manifest,  and  is  never  entirely  lost  It  is  well  known 
that  marling  produces  similar  but  weaker  effects;  and  the 
same  can  be  observed  wherever  one  and  the  same  clay  soil  is 
partially  subject  to  washings  from  limestone  hills,  or  to  the  ad- 
mixture of  underlying  calcareous  strata.  Schloesing's  experi- 
ments on  the  efficacy  of  lime  water  in  coagulating  clay  water, 
show  its  effect  to  exceed  greatly  that  of  any  other  calcium 
compounds;  and  so  far  as  my  experiments  go,  I  find  those  of 
no  other  element  approaching,  in  this  respect,  those  of  calcium. 
In  this  connection  JDr.  John  LeConte's  remarks  on  the  excep- 
tional transparency  of  calcareous  waters  in  Florida  (Proc  Am. 
Assoc  Adv.  Sci.,  1860,  p.  88)  should  be  called  to  mind. 

Were  any  farther  proof  needed  regarding  the  nature  of  the 
effects  of  tillage  upon  soils,  this  lime  experiment  would  supply 
it  It  18  Ae  loosely  flocculated  aggregation  of  the  soil  particles 
which  constitutes  good  tilth,  as  against  the  partially  '^  tamped  " 
condition  which  results  from  the  mechanical  action  of  rains 
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and  (in  silt  soils)  of  drying.  Tillage  acts  not  merely,  as  Pro- 
fessor Johnson  says  (On  some  Seasons  for  Tillage,  Rep.  SecV, 
Conn.  Board  of  Agr.,  1877-8) :  "  by  lifting  up  masses  of  soil, 
turning  them  and  letting  them  fall  so  that  tne  close  contact 
produced  by  rest  (?)  and  moving  water  is  broken,  and  the 
grains  of  sand  and  the  minute  aggregations  of  loam  are  brought 
into  new  positions  with  regard  to  each  other,  and  to  greater 
distances  from  each  other."  These  "  new  positions  "  and  "  great- 
er distances  "  are  brought  about  and  maintained  by  the  phe- 
nomenon of  flocculation,  by  the  formation  of  compound  crumbs 
("  ackerkrume  "\  which  can  be  readily  seen  and  compared 
with  the  partially  "  tamped  "  soil  on  the  land  side,  in  any  fur- 
row made  in  well-tilled  cultivated  soil ;  and  they  relate  to  each 
other,  both  as  to  bulk  and  permeability,  in  mass,  somewhat  as 
powdered  lead  would  to  bira-shot.  If  this  be  the  correct  view, 
mere  rest  cannot,  in  general,  produce  any  compacting  influence 
on  soils,  such  as  is  claimed  (loc.  cit.)by  Professor  Johnson ;  and  I 
think  the  proof  that  it  is  innocent  of  any  such  action  is  found 
in  the  case  of  any  virgin  soil  in  forests,  where  the  protecting 
covering  of  leaves  assures  the  most  absolute  rest  to  the  soil  for 
centuries,  and  where,  nevertheless,  it  is  always  in  such  tilth  as 
our  best-tilled  fields  might  envy. 

There  is  one  class  of  soils,  nevertheless,  in  which  "  rest "  may 
be  said  to  produce  compacting,  to  wit:  those  consisting  of  silice- 
ous silt  with  not  clay  enough  to  maintain  them  in  position  after 
drying ;  so  that  the  loose  arches  of  the  floccules  collapse  by 
their  own  weight,  or  by  the  least  shocks.  This  happens  not 
unfrequently  in  river-sediment  soils  ;  and  the  curious  result  is 
that  they  are  injured  by  plowing  when  very  c?ry,  in  the  same 
way  that  clayey  soils  are  when  plowed  too  wet  In  both  cases 
the  eflFect  is  to  destroy  the  floccules  and  produce  a  single-grain 
or  tamped  structure,  which  it  requires  several  seasons'  tillage 
to  rectify.  In  the  case  of  "beating"  rains,  the  hardening 
eflFect  upon  the  surface  is  of  course  due  to  the  mechanical  de- 
struction of  the  floccules,  followed  by  the  infiltration  with 
"  clay  water,"  which,  in  drying,  acts  as  a  hardening  cement. 

In  some  soils  the  point  of  maximum  cohesion  of  the  floc- 
cules, and  consequently  the  tendency  to  maximum  flocculation, 
lies  between  very  narrow  limits ;  as  the  farmer  says,  they  have 
to  be  plowed  when  **just  right,"  or  not  at  all,  on  pains  of  in- 
juring their  tilth  for  years.  I  find  among  these  not  only  the 
clay  soils  proper,  but  another  class  consisting  of  uniformly  fine 
silts  (chiefly  1™"  hydraulic  value,  and  below)  with  but  very 
little  clay ;  which,  when  wet,  are  said  to  "  work  like  putty," 
and  when  a  very  little  too  dry  remain  cloddy.  Those  in  which 
the  tillage  may  be  done  within  a  wide  range  of  condition  as  to 
moisture,  are  those  containing  a  great  variety  of  sediments  of 
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all  sizes;  colluvial  rather  than  allavial,  and  usually  called 
"loams.**  The  exact  conditions  of  maximum  flocculability, 
however,  and  the  influence  exerted  thereon  by  each  of  the 
several  sediments  and  their  combinations,  still  remain  to  be 
determined  ;  and  the  task  is  not  a  li^ht  one. 

It  is  known  that  the  longer  a  soil  has  been  maintained  in 
perfect  tilth,  the  more  difficult  it  is  to  "  puddle  "  it  by  wet 
plowing.  This  is  doubtless  owing  to  the  gradual  cementation 
of  the  floccules  by  the  soil  water ;  which  fixes  them,  as  it  were, 
more  or  less  permanently. 

As  to  the  action  of  frost  on  soils,  it  is  clear  that  as  the 
water-menisci  within  the  floccules  freeze,  the  soil  must  be  re- 
duced to  its  ultimate  mechanical  elements,  held  apart  by  the 
ice  crystals.  It  is  thus  readily  intelligible  why  plowing  too  wet, 
after  a  freeze,  is  so  much  more  injurious  to  tilth  than  when  done 
irfter  only  a  rain.  But  when  the  thawed  soil  is  allowed  first  to 
assume  its  proper  moisture  condition,  the  newly-formed  floc- 
cules are  of  course  looser  than  ever ;  and  in  clay  and  loam  soils 
the  most  perfect  tilth  is  the  result,  while  dayless  ones  are 
measurably  ^*  puddled'^  by  frost 

The  "ripening"  of  potter's  clay  by  freezing,  boiling,  alter- 
nate wetting  and  drying,  or  finally  by  thorough  working,  is 
obviously  based  on  the  same  process  of  "atomization."  Not 
only  do  these  processes  destroy  the  mechanically  formed  aggre- 
gates, but  boiling  at  least,  and  probably  all  the  rest,  serve  to 
reduce  the  kaolinite  ingredient  of  soils  and  clays  to  the  amor- 
phous, plastic,  diflPusible  modification.  As  to  boiling,  I  have 
succeeded  in  rendering  difi^usible  and  very  plastic,  the  seventy- 
five  per  cent  of  clayey  ingredient  in  a  white,  chalky  pipe  clay, 
resembling  kaolin,  and  which  naturally  is  but  very  slightly  plas- 
tic, by  boilinff  for  about  eighty-five  hours.  In  this  case  the  clay 
water  showed,  even  after  a  week's  subsidence,  a  distinctly  dot- 
ted structure  under  a  power  of  five  hundred  diameters,  instead 
of  the  non-resolvable  cloud  exhibited  by  the  water  from  natu- 
rally plastic  clays.  Since  lithological  evidence  proves  conclu- 
sively that  mere  soaking  in  water  does  not  produce  the  trans- 
formation, unless  accompanied  by  mechanical  agencies:  we 
can  hardly  escape  the  conclusion  that  the  difference  between 
the  plastic  and  non-plastic  kaolinite  is  merely  mechanical,  and 
not  properly  comparable  to  that  between  auartz  and  chalcedony. 

In  regard  to  the  action  of  alkaline  caroonates  in  preventing 
flocculation,  and  thus  rendering  tillage  difficult  or  impossible, 
many  of  the  "alkali  soils"  of  California  supply  striking 
examples.  The  name  is  popularly  applied,  almost  indiscrimi- 
nately, to  any  soil  containing  such  excess  of  soluble  salts  of  any 
kind,  as  to  become  apparent  by  efflorescence.  Among  these, 
however,  the  soils  impregnated  with  alkaline  carbonates  may 
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? generally  be  recognized  by  their  extreme  compactness,  and  re- 
ractoriness  under  tillage ;  and  by  the  fact  that  they  osaally  form 
"low  spots"  in  the  general  surface  of  non-alkaline  land,  where 
turbid  clay  water,  dark  with  dissolved  humus,  will  lie  for 
weeks  after  the  higher  land  appears  dry.  I  give  below  the  re- 
sults of  the  comparative  mechanical  analysis  of  two  samples  of 
soil,  taken  withm  twelve  feet  of  each  other,  on  an  alKaline 
tract  in  the  neighborhood  of  Stockton,  CaL  One  of  these 
represents  a  fertile  "  ridge  "  soil,  in  excellent  tilth,  Iving  (natu- 
rally) about  eighteen  inches  higher  than  the  soil  of  the  adjacent 
alkali  tract,  in  which  the  same  soils  alternate  on  hillocks  and  in 
depressions,  so  as  to  render  it  impossible  to  cultivate  one  with- 
out the  other.  The  alkali  soil  had  been  plowed,  cross-plowed, 
rolled  and  harrowed,  until  the  harrow  produced  no  further 
effect ;  and  the  result  was  a  seed-bed  of  soil  clods  ranging  from 
the  size  of  a  pea  to  that  of  a  billiard  ball,  but  no  tilth.  At  the 
same  time,  portions  of  the  "  ridge  "  soil  so  treated  were  reduced 
to  an  ashy  condition  of  tilth*  Inspection  seemed  to  show  that 
the  two  soils  differ  but  little  in  mechanical  composition ;  not 
nearly  enough  to  account  for  such  difference  of  tilling  qualitiea 
The  analyses  resulted  thus : 

Stockton  8on& 

Non-alkaline.    Alkaline. 

Clay, ---   20-8  24-6 

Sediment<0-25""  hydraulic  value 32 '0  26*1 

'•           0-25               "               "    8-3  8-3 

**           0-60               "               " 0-6  9-4 

«            1-0                 "               "    6-6  6-2 

"           20                 "               "    7-3  6-2 

*'           4-0                 "               «    7-6  6-4 

"           8-0                 "               •*    6-7  4-8 

"         160                 "               "    .  4-8  4-7 

"         32-0                  "                "    1-6  6-9 

"         64-0                 «               "    1-2  1-1 


96-4  97-7 

The  only  material  difference  in  the  mechanical  composition 
of  these  two  soils  is  in  the  relative  amounts  of  clay  and  finest 
sediment ;  and  this  is  perhaps  more  apparent  than  real,  inas- 
much as  the  disintegrating  action  of  the  alkali  has  doubtless 
been  instrumental  in  bringing  out  as  "  clay  "  in  the  alkaline 
soil,  a  portion  of  what  in  the  other  has  remained  behind  in  the 
finest  sediment  Still,  as  the  alkali  soil  lies  close  to,  and  lower 
than,  the  tillable  soil,  and  receives  its  washings,  it  should  con- 
tain somewhat  more  clay  than  the  latter.  Taking  the  results 
as  they  are,  however,  it  is  clear  that  the  mechanical  compo- 
sition of  the  alkali  soil  gives  no  clue  to  the  cause  of  its  oe- 
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bavior  under  tillage,  since  a  soil  containing  no  more  than  24*6 
per  cent  of  clay,  with  all  sediments  above  the  finest  so  evenly 
distributed,  should  be  classed  simply  as  a  "  clayey  loam." 

The  dark  brown  soil-extract,  leached  from  the  alkali  soil, 
amounted,  after  ignition  and  treatment  with  carbonic  acid,  to 
0*251  per  cent  Of  this  amount,  0*168  was  again  soluble,  0'098 
remaining  behind  as  earthy  salts,  etc  The  soluble  part  was 
constituted  thus : 

Carbonate  of  sodium 62*74 

Chlorid  of  sodium 8808 

Sulphate  of  sodium 13*26 

Tri-Bodic  phosphate 1*83 


100*91 


The  insoluble  part  of  the  aqueous  extract  gave ; 

Carbonate  of  calcium 14*02 

Tri-calcic  phosphate. 6*87 

Tri-magnesic  pnosphate 6*77 

Silica  (soluble  in  Na,CO,) 24*87 

Iron  oxides,  alumina, and  some  clay  (by  difference). 50*47 

100.00 

It  will  be  observed  that  notwithstanding  the  presence  of 
considerable  amounts  of  neutral  sodium  and  calcium  salts,  that 
of  about  0*08  per  cent  of  carbonate  of  sodium  was  sufficient  to 
render  the  soil  practically  un tillable.  In  this  case,  as  well  as 
in  that  of  a  very  large  amount  of  similar  "  alkali  land  "  in  the 
state,  the  application  of  a  sufficient  amount  of  gypsum  to  de- 
compose the  alkaline  carbonate,  produces  a  surprising  change ; 
which,  on  the  small  scale,  can  be  perceived  at  once,  but  in  the 
field,  naturally  requires  a  season's  tillage  to  become  effective  as 
to  tilth.  It  at  once  prevents,  of  course,  the  injury  to  seeds  and 
growing  plants  arising  from  the  corrosive  action  of  the  alkaline 
carbonate,  which  help  to  render  them  unprofitable  for  culture. 

My  su^estion  of  tne  use  of  gypsum  on  soils  of  this  character, 
not  containing  enough  of  soluble  salts  to  render  their  presence 
objectionable  when  neutral,  has  already  been  tested  in  practice 
with  the  most  satisfactory  results.  It  will  be  seen  that  among 
the  soluble  salts  is  a  comparatively  very  lai^e  amount  of  alkaline 
and  earthy  phosphates,  which  (in  accordance  with  Grandeau's  re- 
searches) follow  the  humus  acids  into  solution  even  when  the 
solvent  is  alkaline.  Were  the  soil  to  be  thorough-drained  (as 
has  sometimes  been  done  in  order  to  relieve  the  excess  of  salts) 
these  phosphates  would  be  carried  off  in  the  drain  water.  The 
use  of  cypsum  prevents  this  loss  by  rendering  the  phosphates 
insoluble   together  with  the  humus,  albeit  in  such  a  finely 
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divided  state  as  to  remain  perfectly  available  to  vegetation. 
The  doable  benefit  thus  gained  manifests  itself  in  the  exu- 
berant fertility  of  the  soils  so  treated.  I  shall  hereafter  de- 
scribe more  in  detail  the  very  singular  features  of  the  Califor- 
nia alkali  soils,  but  mention  the  present  as  a  conspicuous  ex- 
ample of  the  benefits  to  be  derived  from  an  intelligent,  direct 
investigation  of  soils. 

Among  the  many  other  cases  in  which  the  phenomenon  of 
flocculation  comes  into  play  in  technical  practice,  I  only  men- 
tion that  of  ore  extraction  by  means  of  solvents.  Were  the 
solvent  li<jaid  poured  on  the  finely  pulverized  dry  ore,  it  would 
permeate  it  with  extreme  slowness,  and  the  subsequent  wash- 
mg-out  of  the  solution  would  be  tedious  in  the  extreme.  It  is 
therefore  the  universal  practice  with  all  fine  ores  to  dampen 
them  first  with  an  amount  of  water  varying  according  to  the 
nature  and  fineness  of  the  ore,  and  then  by  stirring  or  working 
over,  to  flocculate  them,  or,  in  technical  language,  to  render  them 
"  woolly."  Care  is  then  taken  to  prevent  the  inflow  of  water 
from  "puddling"  the  charge  by  direct  impact,  and  all  stirring 
or  concussion  whereby  the  flocculated  arrangement  of  the  par- 
ticles might  be  broken  dowD,  is  carefully  avoided. 

Similarly,  of  course,  the  leaching-out  the  soluble  salts  from 
a  true  "alkali  soil"  by  the  ordinary  process  of  percolation, 
is  almost  impossible  in  consequence  of  the  entire  absence  of 
flocculation  ;  and  can  only  be  accomplished  by  a  long  series  of 
decantations  followed  by  evaporation  to  dryness,  extraction 
of  the  residue  by  quiet  upward  diflFusion,  and  syphoninc-oflF. 
Even  thus,  a  final  correction  for  clay  that  has  defied  both 
filtration  and  subsidence,  must  almost  always  be  mada 


Art.  XXV. — Remarks  on  the  Jura-Triaa  of  Western  North  Amer- 
ica; by  C.  A.  Whitb,  Paleontologist  to  the  U.  S.  Geological 
Survey. 

The  fact  is  generally  known  that  amonff  North  American 
rocks  neither  the  Jurassic  nor  Triassic  period  are  any  where  so 
well  represented  as  they  are  in  certain  parts  of  Europe.  In- 
deed, until  within  a  few  years  past  it  has  not  been  claimed  as 
demonstrated  by  the  presence  of  characteristic  types  of  fossils 
that  any  strata  of  the  western  territories  of  the  U  nited  States 
are  exactly  equivalent  with  any  Triassic  strata  of  Europe, 
although  a  certain  series,  distributed  over  a  lai^e  portion  of 
that  great  western  region  has  been  recognized  as  Jurassic ;  and 
also  a  certain  sandstone  formation,  usually  of  a  red  or  reddish 
color,  generally  present  beneath  that  Jurassic  series,  has  been 
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very  generally  referred  to  the  Trias.  It  is  my  present  purpose 
to  oflFer  some  remarks  upon  these  western  Mesozoic  formations, 
but  not  now  to  consider  those  strata  which  are  commonly  re- 
ferred to  the  Triassic  period  in  Connecticut  and  certain 
Atlantic  States  farther  south. 

Some  modification  of  the  views  concerning  these  western 
formations  that  have  been  just  indicated  was  produced,  but  the 
elucidation  of  the  question  of  actual  synchronism  of  these  two 
groups  with  European  strata  hardly  advanced  by  the  following 
circumstances.  The  sandstone  formation  before  referred  to, 
which,  from  its  prevalent  color  has  been  often  designated  as  the 
"Red  Beds,"  had  been  generally  regarded  as  unfossiliferous, 
except  that  some  imperfect  vertebrate  remains  and  an  abund- 
ance of  siligified  wood  have  been  found  in  its  strata ;  but  Dr. 
Hayden,  in  1869,  published*  the  statement  that  he  had  found 
onmistakable  Jurassic  fossils  near  the  base  of  this  ^roup  which 
until  then  had  been  referred  to  the  Trias  almost  without  ques- 
tion. Also,  in  1874,  Mr.  E.  E.  Howell,  then  in  chaiye  of  one 
of  Professor  Powell's  parties,  collected  in  southern  Utah,  from 
the  lower  portion  of  the  formation  in  question,  several  species 
of  inverteorate  fossils,  some  of  which,  at  least,  I  regard  as  spe- 
cifically identical  with  well-known  species  which,  until  then, 
had  been  found  only  in  the  unquestioned  Jurassic  strata  of  the 
western  territorieaf  As  far  as  this  paleontological  evidence 
extended,  it  seemed  to  indicate  that  all  the  Mesozoic  strata  of 
that  great  region  east  of  western  Nevada,  and  beneath  the 
Dakota  group  of  the  Cretaceons  series  belong  to  one  and  the 
same  epoch.  The  impression  however  still  prevailing  that  the 
Triassic  period,  at  least  in  part,  is  really  represented  by  the 
Bed  Beds,  the  term  Jura-Trias  began  to  be  used  to  designate 
collectively  that  formation  together  with  the  Jurassic  strata 
above  it.  This  collective  designation  seems  to  have  met  with 
general  approval  and,  although  our  knowledge  concerning 
these  strata  and  their  equivalents  is  increasing,  it  seems  advisa- 
ble to  continue  it  until  further  investigation  shall  enable  us  to 
fix  upon  some  definite  horizon  for  their  separation. 

None  of  the  foregoing  remarks  are  intended  to  apply  to  the 
great  development  of  Upper  Triassic  strata  which,  as  is  well 
known,  exist  near  the  western  border  of  the  continent  The 
existence  of  these  strata  was  first  made  known  in  1864,  by  the 
publication  of  volume  I,  Paleontology  of  California ;  and  they 
were  still  further  described  in  the  lately  published  volumes  of 
the  United  States  Geological  Exploration,  40th  Parallel.  In  both 

♦  See  page  11,  Qeol.  Rep.  Eipl.  Yellowstone  and  Missouri  Rivers.  By  F.  T. 
Hayden,  under  the  direction  of  Gapt  W.  F.  Raynolds,  Corps  of  Engineers  U.  S.  iL, 
Made  in  1860  and  published  in  1869.    8vo,  pamphlet. 

f  See  White's  paleontological  chapter  in  Powell's  Report  on  the  (Jeology  of  the 
Uinta  Mountains,  pages  80  and  87. 

Am.  Jons.  ScT.— Third  Series,  Vol.  XVII,  No.  09.— March,  1879. 
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of  these  works  the  contained  fossils  are  fully  illustrated  and  de- 
scribed, and  the  strata  are,  by  those  fossils,  referred  to  the 
horizon  of  the  St  Cassian,  Aussee,  and  Hallstadt  deposits  of 
Europe.  Professor  Whitney  says  in  the  first  work  just  cited : 
"This  great  Triassic  belt  of  the  Pacific  coast  has  been  most 
fully  explored  by  the  survey  in  the  latitude  of  40°,  and  over  a 
width  east  and  west  of  neany  four  degrees  of  longitude  (117*^ 
to  121°)  ....  But  sufficient  paleontological  evidence 
has  been  obtained  to  enable  us  to  state  that  this  formation  ex- 
tends from  Mexico  to  British  Columbia,  and  that  it  occupies  a 
vast  area,  although  much  broken  up,  interrupted  by  eruptive 
rocks,  and  covered  in  many  places  by  heavy  accumulations  of 
volcanic  materials." 

No  fossils,  however,  as  already  slated,  or  at  least  no  inver- 
tebrates, were  known  to  exist  in  any  North  American  strata 
east  of  that  region  which  could  be  confidently  referred  to  the 
Triassic  period,  until  the  autumn  of  1877,  when  a  collection 
was  brought  in  by  one  of  the  parties  of  the  United  States  Geo- 
logical Survey  of  the  Territories,  in  charge  of  Dr.  F.  V.  Hayden, 
which  was  found  to  contain  molluscan  types  that  are  plainly 
Triassic.  The  collection  referred  to  was  made  by  Dr.  Al.  C. 
Peale,  field  geologist,  from  two  or  three  localities  in  southeastern 
Idaho,  and  whicn,  with  the  other  collections  of  the  survey, 
came  into  my  hands  for  study.  They  have,  however,  only 
lately  received  investigation,  and  their  preliminary  publication 
will  soon  be  made  in  Part  I,  vol.  v.  Bull.  U.  S.  Geol.  Sur.  Terr. 

The  fossils  which  have  been  obtained  at  numerous  localities 
in  diflFerent  parts  of  the  western  territories  and  referred  with 
little  or  no  question  to  the  Jurassic  period  are  well  known; 
such,  for  example,  as  Pentacrinus  aateriscus  Meek  and  Hayden, 
Belemnites  densus  M.  &  H.,  Oamptonectes  helliatriatus  M.  k  H., 
Eumicrotis  curia  Hall,  Ostrea  strigihcula  White,  &c  Wherever 
in  that  region  a  collection  of  Jurassic  (or  as  they  have  come  to 
be  commonly  designated,  Jura-Trias)  fossils  has  been  made, 
some  one  or  more  of  these  species  has  generally  been  found 
among  them;  and  the  new  forms,  whenever  they  have  been 
discovered,  have  not  generally  been  in  excess  of  those  which 
were  previously  known,  thus  suggesting  the  discovery  of  no 
separate  horizons.  Almost  the  contrary,  however,  is  the  case 
with  the  collection  from  the  localities  here  referred  to  in  south- 
eastern Idaho,  because,  out  of  the  list  of  the  species  obtained 
there  and  presently  to  be  mentioned,  only  three  were  previ- 
ously known,  and  only  one  {Eumicrotis  curia)  has  ever  been 
found  associated  with  well-known  Jurassic  fossils. 

At  the  principal  one  of  these  localities,  which  is  about  sixty- 
five  miles  north  of  the  southern,  and  eighteen  miles  west  of  the 
eastern,  boundary  of  Idaho,  Dr.    Peale  found  the  Jura-Trias 
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strata  in  qaestion  to  be  about  8,000  feet  in  thickaess  of  alter- 
natiDg  limestODes,  sandy  shales  and  sandstones,  with  about 
1,800  feet  of  Carboniferous  strata  beneath  them,  and  with 
which  they  are  apparently  strictly  conformable.  He  found  in 
that  immediate  vicmity  no  exposures  of  the  Red  Beds,  which 
have  so  generally  been  referred  to  the  Trias,  but  he  recog- 
nized them  at  some  localities  only  a  few  miles  away ;  and  he  is 
confident  that  they  occupy  a  position  immediately  above  the 
uppermost  strata  of  the  series  exposed  at  the  focality  here 
especially  referred  to.  It  thus  appears  that  this  fossiliferous 
series,  containing  true  Triassic  types,  occupies  a  position  beneath 
the  comparatively  unfossiliferous  Red  Beiis  which  were  so  long 
supposed  to  be  the  only  representatives  of  the  Trias  in  that  great 
r^on  ;  and  that  they  separate  the  former  from  the  well-known 
Jurassic  series.  The  fossils  of  this  lower  series  were  found  at 
different  horizons  within  the  thickness  of  8,000  feet  exposed  at 
the  locality  mentioned,  the  following  being  a  list  of  them  : 

1.  Terebratula  semisimplex  White  ;  2.  71  attgtista  Hall  k  Whit- 
field?; 8.  Aviculopectenidahoensis  Meek;  4  A.  PealeiW.  ]  5.  A, 
aUtisW. ;  6.  Ehimicrotis carta  Kail;  7.  Meekoceras aplanatum  W. ; 
8.  Jf.  JUtishbachanus  W. ;  9.  M.  gracilitatm  W. ;  10.  Arcestesf 
eirraius  W. ;  11.  A.  f ? 

All  except  Nos.  2,  8  and  6  of  this  list  are  new  forms,  and 
they  have  hitherto  been  found  only  within  that  limited  area  in 
southeastern  Idaho.  No.  2,  which  is  referred  by  its  authors  to 
the  Jurassic  of  Nevada,  is  doubtfully  identified  as  above.  The 
type  specimens  of  No.  8  were  obtained  from  another  locality  in 
southeastern  Idaho  several  years  ago,  and  doubtless  from  "the 
same  horizon  as  that  of  the  foregoing  list  No.  6  is  a  common 
fossil  and  has  by  different  geologists  been  reported  from 
numerous  and  widely  separated  Jurassic  localities  in  the  west. 
Indeed  it  is  at  present,  by  this  species  alone,  that  the  collection 
of  the  foregoing  list  is  connected  with  the  well-recognized 
Jurassic  of  that  great  region. 

The  Brachiopods  and  Conchifers  of  this  collection  would  not 
have  attracted  particular  attention  under  the  circumstances,  but 
the  Cephalopods  present  types  which  had  never  been  found  in 
American  Jurassic  strata,  but  are  clearly  Triassic;  one  of 
which  was  a  new  generic  form.  Having  recognized  the  unique 
character  of  this  collection,  the  Triassic  type  of  the  Cephalo- 
pods, and  the  fact  that  although  closely  related  to  typical 
Ceratiiesj  one  group  especially  presented  some  important  generic 
modifications,  concerning  which  I  desired  the  opinion  of  Pro- 
fessor Alpheus  Hyatt,  whose  excellent  and  exhaustive  labors 
upon  this  class  of  fossils  are  so  well  known.  I  therefore  sent 
them  to  him  for  examination,  and  of  the  two,  or  perhaps  three, 
generic  forms  which  they  embrace  he  describes  one  as  new. 
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under  the  name  of  Meekoceras,  and  refers  the  others,  doubtfully, 
because  of  the  imperfection  of  the  specimens,  to  Arcestes  Suess. 

Now  comes  an  interesting  and,  in  view  of  the  recognized  St 
Cassian  age  of  the  Nevada  Trias  before  referred  to,  a  somewhat 
unexpectSi  fact  The  types  of  these  Cephalopods,  as  dis- 
tinctly stated  by  Professor  Hyatt,  have  close  affinities  with 
those  of  the  Muschelkalk  or  Middle  Trias  of  Europe,  and  not 
with  those  of  the  St.  Cassian,  Aussee,  and  Hallstadt  deposits  of 
the  European  Upper  Trias.  This  fact,  however,  need  not 
excite  especial  surprise  when  it  is  remembered  that  the  south- 
eastern Idaho  locality  is  about  four  hundred  miles  eastward 
from  that  of  the  Nevada  Trias;  and,  furthermore,  that  the 
positions  which  they  occupy  are  respectively  adjacent  to  east 
and  west  borders  of  an  extensive  area  which  was  above  the 
level  of  the  sea  during  the  whole  of  Mesozoic  time ;  and  which 
extended  from  the  southern  to  the  northern  portion  of  North 
America.  The  deposits  of  the  two  regions  were  therefore 
never  directly  continuous,  and  probably  no  physical  connection 
of  their  strata  respectively,  need  be  sought  for. 

With  this  discovery  of  a  true  Triassic  fauna  east  of  that  long 
continental  area  of  Mesozoic  time,  new  interest  is  given  to  the 
study  of  the  earlier  Mesozoic  rocks  of  the  western  territories. 
There  are  such  indications  of  an  intimate  faunal  relationship 
betViCen  these  Triassic  strata  of  southeastern  Idaho  and  the 
true  Jurassic  strata  of  that  great  western  region,  that  I  still 
prefer  to  hold  to  the  provisional  designation  of  Jura-Trias  for 
the  whole  of  them.  But  in  view  of  the  great  development  of 
the  first  mentioned  strata,  although  now  known  only  in  a  lim- 
ited area,  and  of  the  distinctively  Triassic  facies  of  its  types, 
especially  the  Cephalopods,  it  seems  not  improbable  that  we 
may  yet  find  a  physical  plane  for  their  separation  as  Jurassic 
and  Triassic  groups  respectively. 


Art.  XXVL — On  the  Illumination  of  Lines  of  Molecular  Pi*es' 
surCj  and  the  Trajectory  of  Molecules  ;  by  WiLLlAM  Crookes, 
F.RS.,  V.P.C.S.* 

Induction  Spark  through  Rarefied  Gases. — Dark  Space  round 
the  Negative  Pole. — The  author  has  examined  the  dark  space 
which  appears  round  the  negative  pole  of  an  ordinary  vacuum- 
tube  when  the  spark  from  an  induction-coil  is  passed  through 
it  He  describes  many  experiments  with  diflerent  kinds  of 
poles,  a  varying  intensity  of  spark,  and  diflFerent  gases,  and 
arrives  at  the  following  propositions : — 

*  Abetract  of  a  paper  read  before  the  Boyal  Sodefy,  Dec.  6, 1878.    (Phil.  Mag., 
Jan.,  1879.) 
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niuminatian  of  Lines  of  MoUcular  Pressure. — a.  Setting  up 
an  intense  molecular  vibration  in  a  disk  of  metal  by  electrical 
means  excites  a  molecular  disturbance  which  affects  the  surface 
of  the  disk  and  the  surrounding  gas.  With  a  dense  gas  the 
disturbance  extends  a  short  distance  only  from  the  metal ;  but 
as  rarefaction  continues,  the  layer  of  molecular  disturbance 
increases  in  thickness.  In  air  at  a  pressure  of  0*078  millim. 
this  molecular  disturbance  extends  for  at  least  8  millima  from 
the  surface  of  the  disk,  forming  an  oblate  spheroid  around  it. 

ft.  The  diameter  of  this  dark  space  varies  with  the  exhaus- 
tion, with  the  kind  of  gas  in  which  it  is  produced,  with  the 
temperature  of  the  n^ative  pole,  and,  in  a  slight  d^ee,  with 
the  intensity  of  the  spark.  For  equal  decrees  of  exhaustion 
it  is  greatest  in  hydrogen  and  least  in  carbonic  acid,  as  com- 
pared with  air. 

c.  The  shape  and  size  of  this  dark  space  do  not  vary  with 
the  distance  separating  the  poles,  nor  (or  only  very  slightly) 
with  alteration  of  battery-power,  nor  with  intensity  of  spark. 
When  the  power  is  great  the  brilliancy  of  the  unoccupied  parts 
of  the  tube  overpowers  the  dark  space,  rendering  it  diflicult  of 
observation;  but,  on  careful  scrutiny,  it  may  still  be  seen 
unchanged  in  size ;  nor  does  it  alter  even  when,  with  a  very 
faint  spark,  it  is  scarcely  visibla  On  still  further  reduction  of 
the  power  it  fades  entirely  away,  but  without  change  of  form. 

The  author  describes  numerous  experiments,  devised  to 
ascertain  if  this  visible  layer  of  molecular  disturbance  is  iden- 
tical with  the  invisible  layer  of  molecular  pressure  or  stress, 
the  investigation  of  which  has  occupied  him  for  some  years. 

The  Electrical  Radiomder. — One  of  these  experiments  is  as 
follows: — An  ordinary  radiometer  is  made,  with  aluminium 
disks  for  vanes,  each  disk  coated  with  a  film  of  mica.  The  fly 
is  supported  by  a  hard  steel  cup  instead  of  a  glass  cup ;  and 
the  needle-point  on  which  it  works  is  connected  by  means  of  a 
wire  with  a  platinum  terminal  sealed  into  the  glass ;  at  the  top 
of  the  radiometer-bulb  a  second  terminal  is  sealed  in.  The 
radiometer  can  therefore  be  connected  with  an  induction-coil, 
the  movable  fly  being  made  the  n^ative  pole. 

Passing  over  the  phenomena  observed  at  low  exhaustions, 
the  author  finds  that,  when  connected  with  the  coil,  a  halo  of 
a  velvety  violet  light  forms  on  the  metallic  side  of  the  vanes, 
the  mica  side  remaining  dark  throughout  these  experiments. 
As  the  pressure  diminishes  a  dark  space  is  seen  to  separate  the 
violet  halo  from  the  metal.  At  a  pressure  of  half  a  millim. 
this  dark  space  extends  to  the  glass,  and  positive  rotation  com- 
mences. 

On  continuing  the  exhaustion,  the  dark  space  further  widens 
out  and  appears  to  flatten  itself  against  the  glass,  and  the  rota- 
tion becomes  very  rapid. 
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When  aluminium  cups  are  used  for  the  vanes  instead  of 
disks  backed  with  mica,  similar  appearances  are  seen.  The 
velvety  violet  halo  forms  over  eacn  side  of  the  cup.  On 
increasing  the  exhaustion  the  dark  space  widens  out,  retaining 
almost  exactly  the  shape  of  the  cup.  The  bright  margin  of 
the  dark  space  becomes  concentratea  at  the  concave  side  of  the 
cup  to  a  luminous  focus,  and  widens  out  at  the  convex  side. 
On  further  exhaustion,  the  dark  space  on  the  convex  side 
touches  the  glass,  when  positive  rotation  commences,  becoming 
very  rapid  as  the  dark  space  further  increases  in  size  and  ulti- 
mately flattens  against  the  glass. 

Convergence  of  Molecular  Rays  to  a  Focus. — The  subject  next 
investigated  is  the  convergence  of  the  lines  of  force  to  a 
focus,  as  observed  with  the  aluminium  cup.  As  this  could  not 
be  accomplished  during  rapid  rotation,  an  instrument  was  made 
having  the  cup-shaped  negative  pole  fixed  instead  of  movable. 
On  exhaustion,  the  convergence  of  the  lines  of  force  to  a  focus 
at  the  concave  side  was  well  observed.  When  the  dark  space  id 
very  much  larger  than  the  cup,  it  forms  an  irregular  ellipsoid, 
drawn  in  toward  the  focal  point  Inside  the  luminous  ooun- 
dary  a  focus  of  dark  violet  light  can  be  seen  converging,  and, 
as  the  rays  diverge  on  the  other  side  of  the  focus,  spreading 
beyond  the  margin  of  the  dark  space — the  whole  appearance 
being  strikingly  similar  to  the  rays  of  the  sun  reflected  from 
a  concave  mirror  through  a  foggy  atmosphere. 

Oreen  Phosphorescent  Light  of  Molecular  Impact — At  very 
high  exhaustions  the  dark  space  becomes  so  large  that  it  fills 
the  tube.  Careful  scrutiny  still  shows  the  presence  of  the  dark 
violet  focus;  and  the  part  of  the  glass  on  which  fall  the  rays 
diverging  from  this  focus  shows  a  sharply  defined  spot  of 
greenish-yellow  light  On  still  further  exhaustion,  and  espe- 
cially if  the  cup  is  made  positive,  the  whole  bulb  becomes 
beautifully  illuminated  with  greenish-yellow  phosphorescent 
light 

This  greenish-vellow  phosphorescence,  characteristic  of  high 
exhaustions,  is  frequently  spoken  of  in  the  paper.  It  must 
be  remembered,  however,  that  the  particular  color  is  due  to 
the  special  kind  of  soft  German  glass  used.  Other  kinds  of 
glass  produce  a  different  color.  The  phosphorescence  takes 
place  only  under  the  influence  of  the  negative  pola  At  an 
exhaustion  of  4  M  *  no  light  other  than  this  is  seen  in  the 
apparatus  At  0*9  M  the  phosphorescence  is  about  at  its  max- 
imum. When  the  exhaustion  reaches  0*16  M,  the  spark  has 
a  difficulty  in  passing,  and  the  green  light  appears  occasionally 
in  flashes  only.  At  0*06  M  the  vacuum  is  almost  non-con- 
ductive; and  a  spark  can  be  forced  through  only  by  increasing 
*  M  signifies  the  millionths  of  an  atmosphere. 
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the  intensity  of  the  coil  and  well  insulating  the  tube  and 
wires  leading  to  it  Beyond  that  exhaustion  nothing  has  been 
observed. 

Focus  of  Molecular  Farce.— In  an  apparatus  specially  con- 
structed for  observing  the  position  of  the  focus  the  author 
found  that  the  focal  point  of  the  green  phosphorescent  light 
was  at  the  center  of  curvature,  showing  that  the  molecules  by 
which  it  is  produced  are  projected  in  a  direction  normal  to  the 
surface  of  the  pole.  Before  reaching  the  heat  exhaustion  for  the 
green  light,  another  focus  of  blue-violet  light  is  observed ;  this 
varies  in  position,  getting  further  from  the  pole  as  the  exhaus- 
tion increases.  In  the  apparatus  described,  at  an  exhaustion 
of  19'3  M,  these  two  foci  are  seen  simultaneously,  the  green 
being  at  the  center  of  the  curvature,  while  the  blue  focus  is 
at  nearly  twice  the  distance 

Nature  of  the  Chreen  Phosphorescent  Light. — The  author  ad- 
duces the  following  characteristics  of  the  green  phosphorescent 
light,  as  distinguishing  it  from  the  ordinary  lignt  observed  in 
vacuum-tubes  at  low  exhaustions : 

a.  The  green  focus  cannot  be  seen  in  the  space  of  the  tube, 
but  where  the  projected  beam  strikes  the  glass  only. 

b.  The  position  of  the  positive  pole  in  the  /tube  makes 
scarcely  any  diflFerence  in  the  direction  and  intensity  of  the 
lines  of  force  which  produce  the  green  light.  The  positive 
pole  may  be  placed  in  the  tube  either  at  the  extremity  opposite 
the  negative  pole,  or  below  it,  or  by  its  side. 

c.  The  spectrum  of  the  green  light  is  a  continuous  one,  most 
of  the  red  and  the  higher  blue  rays  being  absent;  while  the 
spectrum  of  the  light  observed  in  the  tube  at  lower  exhaus- 
tions is  characteristic  of  the  residual  gas.  No  difference  can 
be  detected  by  spectrum-examination  in  the  green  light,  whether 
the  residual  gas  be  nitrogen,  hydrogen,  or  carbonic  acid. 

d.  The  green  phosphorescence  commences  at  a  different 
exhaustion  in  different  gases. 

e.  The  viscosity  of  a  gas  is  almost  as  persistent  a  character- 
istic of  its  individuality  as  its  spectrum.  The  author  refers  to 
a  preliminary  note  and  a  diagram*  of  the  variation  of  viscosity 
of  air,  hydrogen,  and  other  gases  at  exhaustions  between  240  M 
and  0*1  M.  From  these  and  other  unpublished  results,  the 
author  finds  that  the  viscosity  of  a  gas  undergoes  very  little 
diminution  between  atmospheric  pressure  and  an  exhaustion  at 
which  the  green  phosphorescence  could  be  detected.  When, 
however,  the  spectral  and  other  characteristics  of  the  gas  begin 
to  disappear,  the  viscosity  also  commences  to  decline ;  and  at  an 
exhaustion  at  which  the  green  phosphorescence  is  most  brilliant 
the  viscosity  has  rapidly  sunk  to  an  insignificant  amount 

*  Proa  Roy.  Soa,  Nov.  16, 1876,  vol  xxv,  p.  306. 
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f.  The  rays  exciting  green  phosphorescence  will  not  turn  a 
corner  in  the  slightest  degree,  but  radiate  from  the  negative  pole 
in  straight  lines,  casting  strong  and  sharply  defined  shadows 
from  objects  which  happen  to  be  in  their  path.  On  the  other 
hand,  the  ordinary  luminescence  of  vacuum-tubes  will  travel 
hither  and  thither  along  any  number  of  curves  and  angles. 

Projection  of  Molecular  Shadows. — The  author  next  examines 
the  phenomena  of  shadows  cast  by  the  green  light.  The  best 
and  sharpest  shadows  are  cast  by  flat  diskrs  and  not  by  narrow- 
pointed  poles;  no  green  light  whatever  is  seen  in  the  shadow 
Itself,  no  matter  how  thin,  or  whatever  may  be  the  substance 
from  which  it  is  thrown. 

From  these  and  other  experiments,  fully  described  in  the 
paper,  he  ventures  to  advance  the  theory  that  the  induction- 
spark  actually  illuminates  the  lines  of  molecular  pressure 
caused  by  the  electrical  excitement  of  the  negative  pole.  The 
thickness  of  the  dark  space  is  the  measure  of  the  mean  length 
of  the  path  between  successive  collisions  of  the  molecules. 
The  extra  velocity  with  which  the  molecules  rebound  from  the 
excited  negative  pole  keep  back  the  more  slowly  moving  mole- 
cules which  are  advancing  towards  that  pole.  The  conflict 
occurs  at  the  boundary  of  the  dark  space,  where  the  luminous 
mwgin  bears  witness  to  the  energy  of  the  collisions. 

When  the  exhaustion  is  sufficiently  high  for  the  mean  length 
of  path  between  successive  collisions  to  be  greater  than  the  dis- 
tance between  the  fly  and  the  glass,  the  swiftly  moving  re- 
bounding molecules  spend  their  force,  in  part  or  in  whole,  on 
the  sides  of  the  vessel,  and  the  production  of  light  is  the  conse- 
quence of  this  sudden  arrest  of  velocity.  The  light  actually 
proceeds  from  the  glass,  and  is  caused  bj  fluorescence  or  phos- 
phorescence on  its  surface.  No  light  is  produced  by  a  mica 
or  quartz  screen ;  and  the  more  fluorescent  the  noiaterial  the 
better  the  luminosity.  Here  the  consideration  arises  that  the 
greenish-yellow  light  is  an  effect  of  the  direct  impact  of  the 
molecules  in  the  same  electrical  state  on  the  surtace  of  the 
glass.  The  shadows  are  not  optical,  but  are  molecular  shadows 
revealed  only  by  an  ordinary  illuminating  effect;  this  is  proved 
by  the  sharpness  of  the  shadows  when  projected  from  a  wide 
pole. 

Phosphorescence  of  Thin  Films. — An  experiment  is  next  de- 
scribed in  which  a  film  of  uranium  glass,  sufficiently  thin  to 
show  colors  of  thin  plates,  is  placed  in  front  of  a  thick  plate  of 
the  same  glass,  the  whole  being  closed  in  a  tube  with  terminals 
and  exhausted  to  a  few  millionths  of  an  atmosphere.  Of  this 
the  following  observations  are  recorded : — 

a.  The  uranium  film,  being  next  to  the  negative  pole,  casts 
a  strong  shadow  on  the  plate. 
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&  On  makiog  contact  with  the  coil,  the  thin  film  flashes  out 
suddenly  all  over  its  surface  with  a  yellowish  phosphorescence, 
which,  however,  instantly  disappears.  The  uncovered  part  of 
the  plate  does  not  become  phosphorescent  quite  suddenly,  but 
the  phosphorescence  is  permanent  as  long  as  the  coil  is  kept  at 
wort. 

CL  With  an  exceedingly  faint  spark  the  film  remains  more 
luminous  than  the  plate ;  but  on  intensifying  the  spark,  the 
luminosity  of  the  film  sinks,  and  that  of  the  uncovered  part  of 
the  plate  increasea 

d  If  a  single  intense  spark  be  suddenly  sent  though  the 
tube,  the  film  becomes  very  luminous,  while  the  plate  remains 
dark. 

These  experiments  are  conclusive  against  the  phosphores- 
cence being  an  effect  of  the  radiation  of  the  phosphorogenic 
ulUtt-violet  light  from  a  thin  layer  of  arrested  molecules  at  the 
surfiace  of  the  glass ;  for  were  this  the  case,  the  film  could 
under  no  circumstances  be  superior  to  the  plata 

The  momentary  phosphorescence  and  rapid  fading  of  the 
film  prove  more  than  this.  The  molecular  bombardment  is 
too  much  for  the  thin  film.  It  responds  thereto  at  first,  but 
immediately  cets  heated  by  the  impacts,  and  then  ceases  to  be 
luminous.  The  plate,  however,  being  thick,  bears  the  ham- 
mering without  growing  hot  enough  to  lose  its  power  of  phos- 
phorescing. 

Mechanical  Action  of  Projected  Molecules. — When  the  coil  was 
first  turned  on,  the  thin  film  was  driven  back  at  the  moment  of 
becoming  phosphorescent,  showing  that  an  actual  material  blow 
had  been  given  by  the  molecules.  Experiments  are  next 
described  in  which  this  mechanical  action  is  rendered  more 
evident  A  small  rotating  fly,  capable  of  being  moved  about 
in  any  part  of  an  exhausted  bulb,  is  used  as  an  indicator ;  and 
bv  appropriate  means  the  molecular  shadow  of  an  aluminium 
plate  is  projected  along  the  bulb.  Whether  entirely  in  or 
entirely  out  of  the  shadow,  the  indicator  scarcelv  moves ;  but 
when  immersed  so  that  one-half  is  exposed  to  molecular  impact 
the  fly  rotates  with  extreme  velocity. 

Magnetic  Deflection  of  Lines  of  Molecular  Force. — With  this 
apparatus  another  phenomenon  was  investigated.  It  is  found 
that  the  stream  of  molecules  whose  impact  on  the  glass  occa- 
sions evolution  of  light  is  very  sensitive  to  magnetic  influence; 
and  by  bringing  one  pole  of  an  electromagnet,  or  even  of  a 
small  permanent  magnet,  near,  the  shadow  can  be  twisted  to 
the  right  or  to  the  left 

When  the  little  indicator  was  placed  entirely  within  the 
molecular  shadow  no  movement  was  produced.  As  soon,  how- 
ever, as  an  adjacent  electromagnet  was  excited,  the  shadow  was 
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twisted  half  oflf  the  indicator,  which  immediately  rotated  with 
great  speed. 

The  Trajectory  of  Molecules. — The  amoant  of  deflection  of  the 
stream  of  molecules  forming  a  shadow  is  in  proportion  to  the 
magnetic  jjower  employed. 

The  trajectory  of  the  molecules  forming  the  shadow  is 
curved  when  under  the  magnetic  influence ;  the  action  of  the 
magnet  is  to  twist  the  trajectory  of  the  molecules  round  in  a 
direction  at  an  angle  to  the  free  path,  and  to  a  greater  extent 
as  they  are  nearer  the  magnet,  the  direction  of  twist  being  that 
of  the  electric  current  passing  around  the  electromagnet 

Laws  of  Magnetic  Deflection. — An  apparatus  was  constructed 
so  that  the  deflection  of  a  spot  of  light  was  used  instead  of 
that  of  a  shadow,  a  horseshoe  magnet  being  placed  underneath 
the  negative  pole  to  deflect  the  trajectory.  The  action  of  the 
north  pole  being  to  give  the  line  of  molecules  a  spiral  twist  one 
way,  and  that  of  the  south  pole  being  to  twist  in  the  other  way 
the  two  poles  side  by  side  compel  the  line  to  move  in  a  straight 
line  up  or  down,  along  a  plane  at  right  angles  to  the  plane  of 
the  magnet  and  a  line  joining  its  poles. 

The  ray  of  molecules  does  not  appear  to  obey  Ampere's  law, 
as  it  would  were  it  a  perfectly  flexible  conductor,  joining  the 
negative  and  the  positive  pole.  The  molecules  are  projected  from 
the  negative;  but  the  position  of  the  positive  pole — whether 
in  front,  at  the  side,  or  even  behind  the  negative  pole — has  no 
influence  on  their  subseauent  behavior,  either  in  producing 
phosphorescence,  or  mecoanical  effects,  or  in  their  magnetic 
deflection.  The  magnet  gives  their  line  of  path  a  spiral  twist, 
greater  or  less  according  to  its  power,  but  diminishing  as  the 
molecules  get  further  off 

Numerous  experiments  were  tried  in  this  apparatus  with  dif- 
ferent gases,  ana  with  the  magnet  in  and  out  of  position. 

Working  with  exhausted  air  it  was  found  that  the  spot  of 
green  phosphorescence  on  the  screen  is  visible  at  an  exhaustion 
of  102*6  millim.,  when  the  mean  free  path  of  the  molecules, 
measured  by  the  thickness  of  the  dark  space  round  the  nega- 
tive pole,  is  only  12  millima  Hence  it  follows  that  a  number 
of  molecules  sufficient  to  excite  green  phosphorescence  on  the 
screen  are  projected  the  whole  distance  from  the  pole  to  the 
screen,  or  102  millims.,  without  being  stopped  by  collisiona 

Alteration  of  Molecular  Velocity, — If  we  suppose  the  magnet 
to  be  permanently  in  position,  and  thus  to  exert  a  uniform 
downward  pull  on  the  molecules,  we  perceive  that  the  trajec- 
tory is  mucn  curved  at  low  exhaustions,  and  gets  flatter  as  the 
exhaustion  increases.  A  flatter  trajectory  corresponds  to  a 
higher  velocity.  This  may  arise  from  one  of  two  conditions: 
either  the  initial  impulse  given  by  the  n^ative  pole  is  stronger 
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or  the  resisting  medium  is  rarer.  The  latter  is  probably  the 
true  one.  The  molecules  which  produce  the  green  phospho- 
rescence must  be  looked  upon  as  in  a  state  difiFering  from  tnose 
arrested  by  frequent  collisions.  The  latter  impede  the  velocity 
of  the  free  molecules  and  allow  longer  time  for  magnetism  to 
act  on  them ;  for,  although  the  deflecting  force  of  magnetism 
might  be  expected  to  increase  with  the  velocity  of  the  mole- 
cules, Prof.  Stokes  has  pointed  out  that  it  would  have  to 
increase  as  the  square  of  the  velocity,  in  order  that  the  deflec- 
tion should  be  as  great  at  high  as  at  low  velocities. 

Comparing  the  free  molecules  to  cannon-balls,  the  ma^etic 
pull  to  the  earth's  gravitation,  and  the  electrical  excitation  of 
the  negative  pole  to  the  explosion  of  the  powder  in  the  gun, 
the  trajectory  will  be  flat  wnen  no  gravitation  acts,  and  curved 
when  under  the  influence  of  gravitation.  It  is  also  much 
curved  when  the  ball  passes  through  a  dense  resisting  medium  ; 
it  is  less  curved  when  the  resisting  medium  gets  rarer;  and,  as 
already  shown,  intensifying  the  induction  spark,  equivalent  fo 
increasing  the  charge  of  powder,  gives  greater  initial  velocity, 
and  therefore  flattens  the  trajectory.  The  parallelism  is  still 
closer  if  we  compare  the  evolution  of  light  seen  when  the  shot 
strikes  the  target,  with  the  phosphorescence  on  the  glass  screen 
from  molecular  impacts. 

Focus  of  Heat  of  Molecular  Lnpact — The  author  finally  de- 
scribes an  apparatus  in  which  he  shows  that  great  heat  is  evolved 
when  the  concentrated  focus  of  rays  from  a  nearly  hemispheri- 
cal aluminium  cup  is  deflected  sideways,  to  the  walls  of  the 
glass  tube,  by  a  magnet  By  using  a  somewhat  larger  hemi- 
sphere, fend  allowing  the  negative  focus  to  fall  on  a  strip  of 
platinum-foil,  the  heat  rises  to  the  melting-point  of  platinum. 

An  Ultra-gaseous  state  of  Matter, — The  paper  concludes  with 
some  theoretical  speculations  on  the  state  in  which  the  matter 
exists  in  these  highly-exhausted  vessela  The  modem  idea  of 
the  gaseous  state  is  based  upon  the  supposition  that  a  given 
space  contains  millions  and  millions  oi  molecules  in  rapid 
movement  in  all  directions,  each  having  millions  of  encounters 
in  a  second.  In  such  a  case,  the  length  of  the  mean  free  path 
of  the  molecules  is  exceedingly  small  as  compared  with  the 
dimensions  of  the  vessel,  and  the  properties  which  constitute 
the  ordinary  gaseous  state  of  matter,  which  depend  upon  con- 
stant collisions,  are  observed.  But  by  great  rarefaction  the 
free  path  is  made  so  long  that  the  hits  in  a  given  time  may  be 
disr^arded  in  comparison  with  the  misses,  in  which  case  the 
average  molecule  is  allowed  to  obey  its  own  motions  or  laws 
without  interference;  and  if  the  mean  free  path  is  comparable 
to  the  dimensions  of  the  vessel,  the  properties  which  constitute 
gaseity  are  reduced  to  a  minimum,  and  the  matter  becomes 
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exalted  to  an  ultra-gaseous  state,  in  which  the  ver^  decided  but 
hitherto  masked  properties  now  under  investigation  come  into 
play. 

Rays  of  Molecular  Light — In  speaking  of  a  ray  of  molecular 
light  the  author  has  been  guided  more  by  a  desire  for  concise- 
ness of  expression  than  by  a  wish  to  advance  a  novel  theory. 
But  he  believes  that  the  comparison,  under  these  special  cir- 
cumstances, is  strictly  correct,  and  that  he  is  as  well  entitled  to 
speak  of  a  ray  of  molecular  or  emissive  light  when  its  presence 
is  detected  only  by  the  light  evolved  when  it  falls  on  a  suitable 
screen,  as  he  is  to  speak  of  a  sunbeam  in  a  darkened  room  as  a 
ray  of  vibratory  or  ordinary  light  when  its  presence  is  to  be 
seen  only  by  interposing  an  opaque  body  in  its  path.  In  each 
case  the  invisible  line  of  force  is  spoken  of  as  a  ray  of  light ; 
and  if  custom  has  sanctioned  this  as  applied  to  the  undulatory 
theory,  it  cannot  be  wrong  to  apply  the  expression  to  the  emis- 
sive iiffht  The  term  emissive  light,  must,  however,  be  re- 
strictea  to  the  rays  between  tbe  negative  pole  and  the  luminous 
screen ;  the  light  by  which  the  eye  then  sees  the  screen  is,  of 
course,  undulatory. 

The  phenomena  in  these  exhausted  tubes  reveal  to  physical 
science  a  new  world — a  world  where  matter  exists  in  a  fourth 
state,  where  the  corpuscular  theory  of  li^ht  holds  good,  and 
where  light  does  not  always  move  in  a  straight  line — ^but  where 
we  can  never  enter,  and  in  which  we  must  be  content  to 
observe  and  experiment  from  the  outside. 


Art.  XXVIL — On  the  Chemical  Composition  of  Triphylite;  by 
Samuel  L.  Penfield,  Ph.B.,  Assistant  in  the  Sheffield  Lab- 
oratory.— Contributions  from  the  Sheffield  Labo7'atory  of  Yale 
allege,  No.  LIII. 

In  June,  1877,  I  published*  an  analysis  of  triphylite  from 
Grafton,  New  Hampshire,  and  showed  that  the  composition  of 
that  variety  of  the  species  conformed  to  the  general  formula 

n  I 

BjFjOg-f  K8P04.  I  am  now  able  to  add  analyses  of  the  same  min- 
eral from  Norwich,  Massachusetts,  and  from  Bodenmais,  Bavaria, 
and  also  of  the  allied  manganese-lithium  phosphate,  lithiophilite, 
from  Branchville,  Conn. ;  the  results  of  these  analyses  remove 
all  doubt  in  regard  to  the  true  formula  belonging  to  this  group. 
The  specimen  from  Norwich,  Massachusetts,  I  received  from 
Professor  Brush.  He  had  previously  identified  it  asf  forming 
the  nucleus  of  a  large  crystal  of  the  well  known  pseudomor- 
phous  black  phosphate  of  iron,  manganese  and  lithium,  which 

«  This  Journal,  m,  xiii,  426,  June,  1877.    f  ^^^t  ^  ^^^^i  ^^t  ^o^- 1^^^- 


Digitized  by 


Google 


&  L,  Penfield — Chemical  Composition  of  Triphyliie,      227 

occurs  at  that  locality  associated  with  spodumene.  This  un- 
altered triphylite  is  very  rare,  but  the  specimen,  a  portion  of 
which  was  used  for  analysis,  was  bright  and  lustrous,  with  the 
distinct  cleavages,  and  all  the  physical  characters  of  the  original 
mineral.  The  following  analyses  give  additional  proof  of  its 
being  Quite  free  from  alteration. 

(1.)  Triphy^lite  from  Norwich,  Masa;  color  greyish  green, 
specific  gravity  =3*534. 


I. 

n. 

Mean. 

Atomic  reUttoo. 

P.O. 

44-72 

44-80 

44-76 

P 

•630 

FeO 

26-40 

26-40 

26-40 

Fe 

•366^ 

MnO 
CaO 

17-87 
•16 

17-80 
•33 

17-84 
•24 

Mn 
Oa 

•261  _..„ 
.004     -633 

MgO 

•49 

-46 

•47 

Mg 

•012 

Li,0 
Nft,0 

9-37 
•32 

9-34 
-38 

9-36 
-36 

Li 

Na 

•622  I  -.632 
•010  s ""  ^ 

H,0 

•63 

•30 

-42 

99-86 

99-80 

99^84 

Na, 

•^^U— 316 
•006  C  -  ^^* 

The  analyses  of  the  Bavarian  triphylite  which  have  been 

Sublished  do  not  agree  very  satisfactorily,  and  have  left  some 
oubt  in  regard  to  the  true  composition  of  the  mineral.  With 
a  view  to  settling  this  point  I  have  also  analyzed  an  authentic 
specimen  from  Bodenmais,  Bavaria.  This  was  furnished  to  me 
by  Professor  Brash ;  he  had  received  it  from  Dr.  Hugo  Miiller, 
who  had  himself  collected  it  at  the  locality.  It  was  quite  pure, 
and  entirely  free  from  any  traces  of  alteration.  The  results  of 
the  analysis  are  given  below ;  it  will  be  seen  that  it  has  afforded 
an  exceptionally  large  percentage  of  lithia. 

(2.)  Triphylite  from  Bodenmais;  color  light  blue,  specific 
gravity  =8-&49. 

1.  n.  Mean.  Atomic  reUUoo. 

P,0fl                 4316  43-19  4318  P  ^608 

FeO                  36-23  3620  36*21  Fe  -5031 

MnO                   8^96  8-96  896  Mn  126  !_.«.« 

CaO                      08  -12  -10  Oa  002  f~***^'' 

MgO                     -84  -83  •SS  Mg  0211 

Li,0               .8-14  8-16  816  Li  '^4 )       --o 

Na,0                   -31  -22  26  Na  -008  C  -  °^^ 

H,0                     -92  -82  -87 

Gangue                -82  -84  83  Li,  272)      .„,-^ 

Na,  •004f=2^^ 

99-46  99-33  9939 

These  three  localities,  Bodenmais,  Norwich  and  Grafton  are, 
with  that  in  Finland,  the  only  ones  at  which  the  mineral  triphy- 
lite has  been  found.  In  connection  with  these  it  is  interesting 
to  note  the  mineral  lithiophilite  from  Branchville,  Connecticut, 
recently  described  by  Messrs.  Brush  and  Dana*  and  shown  by 
them  to  be  analogous  to  triphylite  in  composition.  This  min- 
eral was  first  analyzed  by  Mr.  H.  L.  Wells  of  the  Shefl5eld 

*Thi8  Journal,  III,  xyi,  119,  August,  1878. 
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Laboratory.  I  have  made  an  analysis  of  it,  but  of  another  and 
slightly  different  variety,  obtained  by  Messrs.  Brush  and  Dana 
since  the  publication  oi  their  paper  and  from  an  independent, 
though  closely  contiguous  deposit  The  material  was  particu- 
larly fresh  and  free  from  alteration. 

The  results  of  the  analysis  are  as  follows : 

(3.)  Lithiophilite  from  Branchville,  Conn.;  color  light  clove 
brown ;  specific  gravity  =3*482. 


I. 

II. 

Mean. 

Atomic  relttton. 

P,Oa 

45-22 

46-22 

4622 

P 

•636 

FeO 

13-10 

1292 

1301 

Fe 

:i^?(=«" 

MnO 

31-93 

32-12 

8202 

Mn 

Li.O 
Na,0 

9-26 
•28 

'"•30 

9-26 
-29 

Li 

Na 

:^lo*f=-«^« 

H,0 

•17 

.-.- 

•17 

Gangue 

•31 

•28 

•29 

Li, 

■^*"'  \  —314 
•005  f  -  ''** 

Na. 

100*26 

In  the  following  table  the  atomic  ratio  for 
P:  ^=F^  Mn,  Oa,  Mg):  R(=Li,  Na) 


is  given  for  each  of  the  three  above  analyses,  and  also  for  the 
Grafton  mineral  as  analyzed  by  me  (1.  c.)  and  for  the  lithiophi- 
lite analyzed  by  Mr.  H.  L.  Wells  (L  c). 

IT  T 

P  :  R  R 

Triphylite,  Bodenmaia,                    -608  :  -662  :  -652  =  1  :  1-07  :  0*91 

"         Norwich,  Mass.,             '630  :  633  :  -632  =  1  :  l-QO  :  100 

"         Grafton,  N.  H.,              -620  :  -651  :  598  =  1  :  105  :  097 

lithiophilite,  Branchville,  Penfield,  636  :  -631  :  -628  =  1  :  0*99  :  0*98 

"                 "            WeUs,        -628  :  -632  :  -680  =  1  :  100  :  0*93 

All  of  these  approach  very  closely  to  ratio  1:1:1,  required 
by  the  general  formula 

n  I  in 

B,P,Os   +  R,P04     or    RRPO4. 

The  Bavarian  mineral  deviates  most  widely  from  this,  and  a 
similar  though  less  pronounced  deviation  is  seen  in  that  found 
at  Grafton.     In  all  the  five  cases,  however,  it  will  be  observed 

n       I  • 

that  the  required  ratio  of  1:1*5  for  P:R+R2  is  very  nearly 
given,  as  is  seen  in  the  following  table : 


P 

II     I 
R+R, 

Triphylite,  Bodenmais, 

:     1-62 

•*        Norwi<:h, 

:     1-60 

'»        Grafton, 

:     1-63 

Lithic^hUlte,  Branchville,  Penfield. 

1-48 

WeUs, 

:     1-47 

In  order  to  brin^  out  the  relations  of  the  diflferent  varieties 
of  triphylite  to  each  other  in  respect  to  the  amounts  of  iron  and 
manganese  contained  in  them,  and  also  of  these  in  turn  to  the 
allied  species  lithiophilite,  the  five  analyses  from  which  the  above 
ratios  were  obtained  are  given  together  in  the  following  table: 
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TrinhyUte.  Lithiophilite. 

(4.)  BrancbYUle  (5.)  BranchTllle 

(1.)  Bodenmata.  (2.)  Korwicli.   (8.)  Grelton.  (Penfleld).  (Wella). 

P,04              4318              44-76  4403  46  22  4467 

FeO                36-21              26-40  26*23  13*01  402 

MnO                8*96              17*84  18  21  32*02  40*86 

CaO                   -10                 -24  94 

MgO                   -83                  -47  -69  

Li,0                8-15               9-36  879  926  863 

K  O  *32 

Na,0                '26                 -36  -12  -29  '"u 

H,0                   *87                  *42  1*47  *17  82 

Gangue              83               -29  *64 

99*39  99-84  100*70  100*20  99*78 

This  series  of  analyses  shows  in  a  very  striking  way  the  trans- 
itions from  triphylite,  the  phosphate  of  iron  and  lithium,  to  lithi- 
ophilite, the  pnosphate  of  manganese  and  lithium;  to  the  first 
belongs  the  formula  LiFeP04  and  to  the  second  LiMnPO^. 

In  closing  this  paper  I  wish  to  acknowledge  my  indebtedness 
to  Professor  George  J.  Brush,  who  has  most  liberally  furnished 
me  with  the  material  needed  for  my  examination. 

Sheffield  Laboratory,  Dec  16, 1878. 


Art.  XXVIIL — Notes  on  the  ifesozoic  Strata  of  Virginia  ;  by 
Wm.  M.  Fontaine, 

[Concluded  from  page  167.] 

Petersburg  Belt — This  exhibits  many  of  the  peculiar  features 
seen  in  the  Fredericksburg  Belt,  but  on  a  more  exaggerated 
scale.  We  do  not  however  recognize  more  than  one  series. 
The  strata  are  well  exposed  at  Richmond  in  the  lowest  points 
reached  by  the  erosion  of  the  streams.  They  occur  here  with 
the  Eocene  and  Miocene  in  place  above  them.  They  form  the 
lowest  visible  beds  in  the  river  bank  all  the  way  down  to 
Farrar's  Island,  and  a  short  distance  eastward  of  it  They  also 
occur  in  a  similar  position  in  the  banks  of  the  Appomatox  up 
to  Petersburg,  being  in  the  vicinity  of  the  rivers  covered  by 
only  the  lowest  of  the  Eocene  strata,  the  rest  of  the  Tertiary 
having  been  removed.  The  canal  cut  by  General  Butler 
in  the  late  war,  through  the  narrow  neck  of  Farrar's  Island  at 
Dutch  Gap,  in  order  to  avoid  the  bend  of  the  riv'er,  gives 
a  good  exposure.  The  description  I  shall  give  of  the  strata 
applies  more  particularly  to  the  beds  exposed  at  this  last 
named  locality,  though  it  is  applicable  with  some  modifica- 
tions throughout  the  belt  The  oeds  incline  gently  eastward, 
and  disappear  under  the  Tertiary.  It  is  not  known  how  far 
they  pass  in  this  direction,  but  from  their  great  comparative 
development  where  they  disappear,  they  no  doubt  penetrate 
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far  under  the  Tertiary.  The  lithology  and  stratigraphy  pre- 
sent many  remarkable  features,  only  a  few  of  which  can  be 
noticed.  The  thickness  of  the  strata  and  coarseness  of  the 
component  matters,  strange  to  say,  is  greatest  at  the  farthest 

g)int  to  the  east  at  which  they  show  themselves,  viz :  near 
utch  Gap,  although  the  source  of  the  material  is  to  the  west 
Not  more  than  fifty  or  sixty  feet  of  strata  appear  in  the  banks 
of  the  stream  here,  but  from  the  manner  in  which  the  blufis 
descend  beneath  the  water,  and  the  depth  of  the  latter,  the 
total  thickness  near  Dutch  Gap  cannot  be  less  than  one  hundred 
and  fifty  feet,  while  near  Richmond  it  is  not  more  than  fifty  or 
sixty  feet  The  variableness  of  the  material,  and  the  com- 
plexity of  the  rapidly  shifting  planes  of  false-bedding  are  so 
great,  that  no  two  sections  taken  a  few  feet  apart  will  be  similar ; 
indeed  the  entire  mass  has  the  character  of  a  "Kame." 

The  greater  portion  and  the  finer  matter  of  the  beds  is  a  sort 
of  incoherent  grit,  composed  of  grains  of  quartz,  particles  of 
feldspar  in  all  stages  of  decomposition,  and  scales  of  mica,  all 
mingled  together  without  sorting  and  devoid  of  lamination, 
forming  a  mass  without  bedding,  but  penetrated  by  numerous 
and  intricate  false-bedding  planes.  This  material  which  is 
plainly  derived  from  the  granitic  and  gneissic  rocks  to  the 
west,  IS  filled  with  small  stones  which  are  scattered  confusedly 
throughout  its  mass.  These  are  usually  composed  of  quartz. 
While  this  is  the  more  common  material,  we  often  find  that 
locally,  most  of  the  material  is  the  previously  mentioned  white, 
non-plastic  earth,  mingled  with  great  Quantities  of  small  Pots- 
dam stones,  the  whole  being  formed  oi  the  debris  of  Potsdam 
strata.  Throughout  the  series,  beds  and  pockets  of  large  stones 
occur  of  very  variable  extent  and  thickness.  These  are  much 
more  abundant  towards  the  top.  They  seem  to  be  formed  by 
the  local  removal  of  the  nonnal  grit,  and  the  filling  of  the 
excavations  with  the  stones.  Thus  we  find  that  a  mass  of  large 
stones,  composing  nearly  all  of  the  visible  bank  of  the  stream, 
will  pass  abruptly  into  the  ordinary  pebbly  grit,  or  even  fine 
sandy  matter.  Such  pockets  of  stones  are  composed  almost 
entirely  of  Potsdam  quartzite  and  sandstones,  well  rounded  and 
smoothed.  The  stones  are  more  commonly  under  eight  to  ten 
inches,  but  they  occur  a  foot  or  more  in  diameter.  They  are 
usually  packed  in  a  finer  material  composed  of  Potsdam  debris. 
While  these  masses  of  stones  are  especially  abundant  in  the 
highest  portions  of  the  series,  they  are  not  confined  to  this. 
Thus  the  lowest  stratum  that  I  saw  exposed,  was  composed  in 
one  locality  of  rounded  Potsdam  stones,  six,  eight,  ten  and 
even  twelve  inches  in  diameter,  packed  as  closely  as  possible 
together,  and  looking  much  like  a  section  of  the  cobble-paved 
streets  of  Richmond. 
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Toward  the  top  of  the  series,  we  find  very  commonly  short 
layers,  and  nests  of  clay  enveloped  in  the  grit,  but  so  sharply 
distinct  from  it  that  the  clay  seems  to  have  been  laid  down  on 
depressions  in  the  surface  of  the  grit  during  pauses  in  the 
deposition  of  this  material  The  distinctness  is  so  great  that  at 
the  line  of  junction  of  the  two,  the  grains  of  the  grit  may  be 
picked  out  separately  from  the  clay.  This  clay  sometimes, 
however,  is  interstratified  for  some  distance  with  the  sandy 
matter,  the  layers  of  sandv  grit  and  clay  alternating  but  not  pass- 
ing into  each  other.  The  clay  is  most  commonly  bluish  or  grayish 
in  color,  less  commonly,  pale  reddish  or  liver-colored.  It  is  very 
fine  grained,  highly  plastic  and  tenacious,  and  thus  contrasts 
strongly  with  the  matter  in  which  it  is  imbedded.  The  layers 
are  rarely  over  a  foot  thick,  and  sometimes  occur  at  short 
intervals  apart,  separated  by  the  pebbly  grit  They  then  often 
show  the  curious  features  of  inclining  at  various  angles 
toward  each  other,  and  of  being  cut  off  abruptly  by  the  coarse 
matter.  A  seam  of  clay  will  thus  sometimes  abut  against  a 
nest  of  stonea  In  one  place  I  saw  three  such  short  layers 
diverging  from  one  extremity  (where,  however,  they  were  not 
united^  like  the  fingers  of  a  hand,  and  ending  abruptly  in  the 
normal  pebbly  grit  They  do  not  usually  extend  horizontally 
more  than  twenty  or  thirty  feet 

With  these  clay  seams  we  often  find  rolled  masses  of  similar 
matter,  which  sometimes  have  the  diameter  of  four  or  five  feet 
These  balls  are  enveloped  in  the  grit,  and  commonly  are 
attended  with  large  Potsdam  stones.  The  balls  are  plainly 
produced  by  the  tearing  up  of  the  clay  immediately  after 
deposition.  Sometimes  a  portion  of  a  clay  bed  will  be  cut 
away  by  the  eroding  force,  and  rolled  some  distance  and  then 
covered  by  the  floods  of  sandy  matter  carried  forward  by  the 
agent  which  produced  the  erosion.  These  clays  must  have 
been  brought  from  a  very  difierent  source  from  that  which 
yielded  the  coarse  matter,  and  they  seem  to  have  been  laid  down 
on  the  irregular  and  shifting  surface  of  the  grit  in  pauses  of 
the  action  of  the  force  which  produced  this  latter,  nence  the 
insular  inclination  and  local  development  of  the  clays.  A 
renewal  of  the  action  of  the  powerful  force  which  was  involved 
in  the  transport  of  the  coarser  matters,  would  cut  away  and 
bury  the  clays.  I  do  not  find  in  place,  any  deposit  which  by 
its  erosion  could  have  yielded  these  clays.  Their  composition 
and  character  is  just  that  of  the  thoroughlj'  decomposed  and 
slowly  accumulated  matter  from  granite  and  gneiss.  I  am 
strongly  inclined  to  the  opinion  that  they  represent  marshes 
within  the  Azoic  area,  which  were  swept  away  in  the  general 
and  extensive  erosion  of  its  surface  which  took  place  at  this 
time.  This  clay  is  of  special  importance  as  it  contains  the 
Am.  Joub.  Sci.— Third  Series,  Vol.  XVIL— No.  99,  March,  1879. 
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plants  to  be  mentioned  farther  on.  Besides  well-preserved 
plants,  it  contains  much  lignite  and  comminuted  vegetable 
matter  which  gives  it  often  a  dark  color.  The  plants  are  all 
drifted  apparently  from  some  distance,  and  but  a  small  num- 
ber are  well  enough  preserved  to  be  determined.  The  texture 
of  the  claj  is  so  close  that  sometimes  the  entire  substance  of 
the  plant  is  preserved. 

The  summit  of  the  grit  is  sometimes  partly  laminated  and 
contains  occasionally  a  layer  of  clay,  as  if  a  pause  in  the  sedi- 
mentation had  taken  place  for  a  short  time.  On  this,  or  on  the 
summit  of  the  grit,  there  occurs  very  generally,  but  not  always, 
a  very  remarkable  bed  of  stones  packed  in  grit  like  that  of  the 
mass  on  which  it  rests.  This  latter  is  more  or  less  eroded  and 
trenched.  This  bed  of  stones  is,  I  think,  the  representative  of 
the  surface  stones  mentioned  above  as  occurring  in  the  Fred- 
ericksburg Belt.  It  represents  a  force  which  swept  over  the 
Azoic  on  the  west,  as  well  as  over  the  Mesozoic  here,  and  in  the 
Bichmond  Belt  Tt  seems  to  have  been  the  closing  deposit  of 
the  Mesozoic  series  in  these  border  belts  for  it  is  followed  by 
the  Eocene  strata. 

These  stones  form  a  most  heterogeneous  mass,  a  true  drift 
deposit  The  mass  is  of  varying  thickness,  usually  six  to  ten 
feet  Sometimes,  however,  it  thickens  up  to  fifteen  or  more 
feet  and  thins  down  to  three  or  four,  or  disappears.  The  ma- 
terial is  a  mixture  of  gravel,  large  rounded  stones,  and  more  or 
less  angular  and  large  masses.  The  rounded  stones  are  mostly 
Potsdam,  usually  four  to  six  inches  in  diameter  or  under,  but 
quite  often  one  and  two  feet  The  smaller  stones  are  well 
rounded,  the  larger  are  sub-angular  but  still  quite  smooth. 
They  often  show  Scolithus  markings.  Minglea  with  these, 
usually  occurring  at  the  top  of  the  b^,  we  find  the  large  blocks 
which  are  of  Azoic  rocks,  and  include  varieties  found  at  various 
points  to  the  west  as  far  as  the  Blue  Ridge.  It  is  noteworthy 
that  this  is  the  only  horizon  in  the  Mesozoic  here,  which  shows 
any  coarse  matter  but  quartz,  which  would  be  furnished  by  the 
Azoic  The  most  numerous  of  the  masses  and  the  largest,  are 
furnished  by  the  granites  and  gneisses  west  of  Richmond.  Blocks 
of  these,  three  to  four  feet  in  diameter  are  common,  but  sometimes 
they  are  ten  and  twelve  feet  These  are  usually  more  or  less 
abraded.  Gneiss  and  mica  schist  from  farther  west  occur  in 
large  slabs,  sometimes  showing  but  little  wear.  Some  vein 
quartz  from  the  Azoic,  and  fragments  of  the  sandstones  of  the 
Richmond  Coal  field  are  seen,  but  not  commonly.  Masses  of 
the  peculiar  chloritic  and  other  schists  of  the  Blue  Ridge 
far  to  the  west,  are  not  rare.  These  often  attain  the  dimen- 
sions of  three  or  four  feet,  and  are  commonly  but  little 
abraded.     None  of  these  stones  or  those  of  the  Fredericksburg 
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Belt,  show  glacial  stnse,  but  some  of  them  show  a  mode  of  wear 
and  polish  highly  suggestive  of  ice  action.  Indeed  it  is  not 
probable  that  these  fragments  would  show  striations  even  if  tbey 
tad  been  imbedded  in  ice  moving  over  the  land,  for  the  surface 
was  no  doubt  too  deeply  decayed,  and  in  too  incoherent  a  con- 
dition to  produce  scratches. 

Besides  the  Potsdam,  we  find  other  material  which  has  been 
brought  from  west  of  the  Blue  Ridge.  Slabs  of  the  character- 
istic fossiliferous  layers  of  the  Chemung  occur,  but  rarely  how- 
ever. They  contain  impressions  of  the  stems  of  Chemung 
Crinoida 

Fossil  Plants, — Though  the  clays  are  full  of  vegetable  matter, 
it  is  only  locally,  and  in  very  restricted  layers,  that  we  find 
determinable  plants.  These  are  very  interesting  and  sometimes 
beautifully  preserved.  They  consist  of  Conifers,  Ferns  and 
Cycads.  The  Conifers  sometimes  retain  their  cones.  They  be- 
long to  several  species,  among  which  we  may  mention  a  plant 
very  close  to,  if  not  identical  with,  WiddringUmites  Haidingeri 
Ettmg.,  a  Wealden  species.  Another  is  very  near  to  or  identical 
with,  Araucarites  curvffolius  Etting.,  also  a  Wealden  plant 
The  ferns  and  a  Jeanpaulia,  have  a  decided  Wealden  iacies. 
But  the  most  abundant  and  characteristic  plant  of  the  beds  is 
a  fossil  identical  with  that  fine  Cycad,  Pkrophyllum  {Dionites 
of  Schimper)  Buchianum  Etting.,  which  is  a  species  of  the 
Wealden  of  Germany.  This  exists  in  immense  numbers,  and 
shows  compound  leaves  two  feet  long.  I  observed,  imbedded 
in  the  grit  composing  the  bank  of  the  canal  at  Dutch  Gap,  a 
coniferous  tree  which  in  the  part  projecting  from  the  earth  is 
eighteen  inches  in  diameter.  Forty  feet  are  said  to  have  been  cut 
off  from  it  in  opening  and  widening  the  canal.  It  is  merely 
browned  and  does  not  yet  seem  to  have  reached  the  stage  of 
true  lignite.  The  wood  seems  to  be  like  that  of  Pinus  strcbtis^ 
and  shows  the  annual  rings  distinctly.  It  may  be  worked  with 
tools,  not  having  wholly  Tost  its  coherence.  The  grit  contains 
only  lignitic  ana  silicified  wood.  Taken  as  a  whole,  the  plants 
are  decidedly  Wealden.  I  did  not  see  a  single  species  similar 
to  those  of  the  Richmond  coal  field,  though  several  seem  iden- 
tical with  Fredericksburg  species. 

Surface  deposits  of  the  Azoic, — If  we  ascend  from  the  river  to 
the  top  of  the  hills  near  Dutch  Gap,  we  find  ourselves  on 
an  unaulating  plain,  composed  of  Tertiary  sands  and  clays,  and 
possibly  later  beds.  We  observe  no  drift  matter  on  this  sur&ce. 
If  however  we  proceed  westward,  we  find  the  Tertiary  accom- 
panying us  until  we  approach  the  Azoic  border,  and  still. with- 
out surface  drift  But  in  the  vicinity  of  the  Azoic,  where  the 
Mesozoic  crops  out  from  under  the  Tertiary,  we  find  the  Pots- 
dam stones,  Azoic  erratics,  fragments  of  Mesozoic  sandstones, 
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etc.,  quite  abundant,  lying  scattered  over  the  surface.  Passing 
still  farther  west,  we  find  the  same  material  with  the  fragments 
of  the  Richmond  coal  rocks  becoming  more  abundant,  and 
when  we  pass  west  of  this  field  these  coal  rocks  disappear,  but 
we  still  have  the  other  material.  The  Potsdam  stones  however 
do  not  pass  westward  over  the  whole  Azoic  area.  They  become 
confined  to  a  belt  along  the  James,  in  the  upper  course  of  that 
river.  I  do  not  know  what  is  their  disposition  on  the  Upper 
Appomatox,  as  I  have  not  examined  the  country  in  that  quarter. 
It  is  plain  that  this  coarse  drift  is  the  product  of  the  same  force 
which  formed  the  uppermost  bed  of  the  Mesozoic  at  Dutch  Gap. 

The  belt  of  Azoic,  with  the  included  Richmond  belt  of  the 
Mesozoic,  which  contains  on  its  surface  Potsdam  stones  mingled 
with  the  fragments  of  Azoic  rocks,  is  about  twenty-five  miles 
wide  south  of  the  James.  It  narrows  to  ten  or  twelve  miles 
near  the  northern  end  of  the  Petersburg  Belt,  on  the  North  Anna. 
West  of  this  the  Azoic  drift  masses  are  still  found  on  the  sur- 
£ace,  up  to  the  Catoctin  Mountains  but  no  Potsdam  stones.  It 
is  noteworthv  that  this  drift  is  usually  almost  entirelv  quartz, 
often  in  blocks  two  and  three  feet  thick,  representing  the  quartz 
of  the  veins  so  common  in  some  of  the  Azoic  strata.  The 
reason  why  we  do  not  find  more  of  the  crystalline  schists  is, 
because  the  deep  decay  which  had  affected  these  rocks  at  the 
time  of  their  erosion,  presented  to  the  eroding  agent  only  fria- 
ble grits  and  clays  with  the  quartz  veins  in  them  standing  in 
their  original  position. 

In  the  more  westerly  localities  where  the  Potsdam  is  no  lon- 
ger found  generally  over  the  surface,  I  noticed  that  the  bands 
of  these  Potsdam  stones  along  the  James  do  not  follow  the 
present  windings  of  the  stream  but  pass  directly  across  the 
bends.  They  occur  150  to  200  feet  above  the  river,  and  lie  on 
the  general  level  of  the  adjoining  country. 

The  drift  matter  in  the  vicinity  of  the  border  belts,  within 
the  limits  containing  the  Potsdam  stones,  covers  the  surface  of 
the  Azoic  with  a  pretty  continuous  layer.  But  portions  of  it 
aeem  to  be  thicker  than  the  general  mass,  corresponding  to 
belts  which  were  more  deeply  scored  by  the  eroding  agent 
These  have  a  direction  a  little  north  of  west  and  south  of  east, 
showing  the  direction  from  which  the  eroding  agent  came. 
Sometimes,  however,  modem  surface  or  stream  erosion  has  so 
arranged  these  drift  matters,  as  to  cause  them  to  appear  to  come 
from  some  other  quarter  than  the  west,  which  is  their  true 
source.  This  has  misled  Mr.  R  P.  Stevens,  who  visited  the 
Richmond  Coal-field  some  years  ago,  and  came  to  the  conclu- 
sion that  the  mode  of  transport  was  the  movement  of  a  glacier 
from  the  northward,  in  the  Glacial  Period.  He  states  his  views 
in  a  letter  published  in  this  Journal,  Nov.,  1878. 
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Professor  Wm.  B.  Rogers,  in  an  article  entitled  the  "  Gravel 
and  Cobblestone  Deposits  of  Virginia,  and  the  Middle  States,'' 
published  in  the  Proc.  Boston  Soc.  Nat  Hist,  1875,  gives  some 
accoant  of  the  drift  matter  seen  at  Richmond,  Alexandria, 
Washington,  etc.  Not  having  traced  this  material  away  from 
the  vicinity  of  the  James  and  Potomac,  and  finding  it  resting 
on  the  Tertiary,  he  was  disposed  to  attribute  its  transport  to 
the  work  of  these  streams  in  the  Glacial  Period,  aided  by  the 
action  of  ice.  While  I  think  that  most  of  this  matter  is  of 
older  date,  yet  I  am  convinced  that  considerable  additions  to 
that  lying  at  the  lower  levels  were  made  in  the  Glacial  Period. 
I  find  dnf  I  matter  on  the  Potomac,  the  James,  and  the  Roanoke, 
which  I  think  was  brought  during  the  Glacial  Period,  'but  this 
does  not  rise  more  than  about  sixty  feet  above  the  present  water 
level  There  is  a  great  deal  of  drift  along  all  these  streams  at 
that  height,  especially  on  the  Roanoke. 

The  last  of  the  surface  deposits  on  the  Azoic  which  are  of 
importance  are  certain  clays  which  are  the  most  widely  diffused 
of  all.  Thus  we  find  them  over  the  surface  of  the  Azoic 
everywhere,  to  the  west  of  the  Petersburg  Belt  as  far  as  the 
Catoctin  and  the  Blue  Ridge.  They  are  not  continuous  but 
rather  form  irregular  sheets.  I  cannot  assert  that  these  clays 
occur  to  the  west  of  the  northern  end  of  the  Fredericksburg 
belt,  or  that  the  Azoic  drift  in  that  quarter  extends  far  west- 
ward of  the  eastern  edge  of  the  Azoic,  as  I  have  not  made  any 
extended  examination  there,  but  so  far  as  I  have  examined,  the 
condition  of  the  surface  is  much  as  it  is  west  of  the  Petersburg 
Belt  These  clays  are  the  only  transported  matter  that  I  ob- 
served in  the  southern  part  of  the  State,  in  Pittsylvania  County. 
Here  they  occur  in  the  same  way  as  in  the  northern  district, 
now  being  described. 

These  clays  are  nearly  always  blood-red  in  color  and  rich  in 
lime.  They  form  a  highly  fertile  subsoil,  no  matter  on  what 
sort  of  rock  they  may  rest  They  lie  on  all  kinds  of  rocks,  and 
are  entirely  independent  of  them.  We  find  them  on  the  gray 
grits  of  the  Mesozoic;  on  the  granite,  with  its  surface  decom- 
posed to  a  white  kaolinic  grit,  which  shows  the  utmost  possible 
contrast  with  the  clays ;  or  on  mica-schists,  etc.  There  is  no 
rock  east  of  the  Blue  Ridge  rich  enough  in  lime  to  yield  these 
clays,  except  the  epidotic  schists,  and  homblendic  rocks  which 
abound  so  between  the  Blue  Ridge  and  the  Catoctin.  The  clays 
contain  decomposed  fragments  which  resemble  these  strata,  and 
when  we  can  follow  them,  as  we  do  up  to  these  schists,  we  may 
conclude  without  hesitation  that  such  is  their  origin.  Hence 
they  must  have  been  transported  in  many  cases,  fifty  or  sixty 
miles.  This  however  is  not  strange  when  we  see  that  the  Pots- 
dam and  other  rocks  from  west  of  the  Blue  Ridge,  must  have 
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often  traveled  100  miles  and  more  measured  in  an  airline,  and 
much  farther,  if  the  course  of  the  rivers  crossing  the  Blue  Bidge 
be  followed.  Professor  Rogers  in  the  old  survey  of  the  State, 
noticed  these  clays  and  expressed  the  belief  that  they  must 
have  been  transported  from  the  west 

They  lie  at  the  same  horizon  occupying  the  highest  levels, 
and  mark  the  plane  to  which  the  country  was  cut  down  at  the 
close  of  the  Jurassic.  We  accordingly  find  them  in  the  hill- 
tops and  over  the  intervals  between  the  rivers.  But  owing  to 
this  high  level,  they  are  often  removed  by  erosion.  These  clays 
are  usually  accompanied  by  the  coarse  drift     When  this  is 

S resent  they  either  lie  on  the  drift  or  contain  it  within  their 
eposits.  The  latter  position  of  the  drift  stones  however  is  rare. 
The  clays  pass  up  to  the  edge  of  the  Tertiary  but  not  over  on 
it  They  are  conspicuous  on  the  granite  near  Richmond,  which 
when  the  clay  covering  is  removed,  presents  rounded  and 
smoothed  surfaces.  These  red  clays  generally  are  covered  by 
a  greater  or  less  depth  of  gray  soil,  usually  not  over  a  few 
feet 

Gkneral  remarks  and  Conclusions. — It  is  a  noteworthy  fact 
that  the  belts  of  Mesozoic  which  yield  coal,  contain  it  mainly 
at  their  southern  or  higher  extremities.  This  is  true  of  the 
Richmond  Belt,  of  the  Prince  Edward  Belt,  and  of  the  Pittsjrl. 
vania  Belt,  which  terminates  in  the  Dan  River  coal  field  in 
North  Carolina.  This  was  perhaps  caused  by  the  fact  that  the 
southern  ends  of  the  Mesozoic  areas,  being  higher,  were  better 
fitted  for  the  formation  of  marshes. 

I  think  that  many  of  the  features  described  in  the  preceding 

Sages  can  best  be  explained  by  supposing  that,  in  Trtassic  and 
urassic  times,  the  Appalachian  Mountain  region  was  receiv- 
ing supplies  of  snow  too  great  to  be  removed  by  melting. 
Consequently  the  excess  must  have  been  discharged  by 
glaciers.  These  must  have  advanced  and  receded  more  than 
once  in  the  earlier  periods,  but  did  not  penetrate  to  the  sea. 
Toward  the  close  of  the  Jurassic  they  advanced  in  such  force 
that  they  reached  the  sea.  In  the  intervening  time,  while  the 
ice  was  gathering  force,  ice  rafts,  charged  with  stones  and  earth, 
floated  down  the  streams  which  issued  from  the  foot  of  the  ice. 
To  the  frequent  pushing  forward,  and  consequent  abrasion  of 
the  matter  accumulated  at  the  foot  of  the  ice,  and  in  the  upper 
course  of  the  rivers,  we  must  attribute  much  of  the  rounded  and 
polished  condition  of  the  Potsdam  stones  now  found  so  far  to 
the  east  of  their  original  position.  This  ice  may  have  made  its 
final  advance  over  the  whole  of  the  portion  of  the  Atlantic 
slope  in  which  the  features  above  described  are  found,  or  it 
may  have  issued  from  the  Blue  Ridge,  mainly  along  the  line 
of  the  Potomac  and  James,  and  then  in  its  farther  advance  to 
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the  east  have  spread  laterally,  so  as  near  the  border  of  the 
Azoic,  to  have  coalesced  into  one  sheet  The  facts  observed 
rather  favor  the  latter  method  of  advance.  From  this  suppo- 
sition it  would  follow  that  the  Mesozoic  areas  wei*e  fed  by  the 
cold  waters  issuing  from  the  ice  and  snow  on  the  mountaina 
This  may  account  for  the  paucity  of  animal  life,  especially 
Molluscan  life,  that  they  show.  The  only  marine  waters  with 
which  they  could  communicate  contained  forms  that  could  not 
live  in  the  cold  inland  waters. 

It  is  probable  that  the  courses  of  the  present  principal 
streams  were  marked  out  by  this  ice  action,  and  hence  come 
their  direct  course  and  independence  of  the  character  of  the 
rocks  over  which  they  flow.  There  is  no  difficulty  in  explain- 
ing the  growth  of  the  plants,  now  found  fossil,  at  a  time  when 
the  Appalachian  Mountain  belt  was  covered  with  snow.  All 
that  was  needed  was  a  raising  of  the  present  winter  tempera- 
ture in  the  lowlands,  for  we  shall  show  tnat  for  the  formation  of 
glaciers  on  the  heights  the  climate  need  not  have  been  colder 
than  at  present  Owing  to  the  non-existence  of  the  Bocky 
Mountains,  the  cold  western  and  northwestern  winter  winds  of 
the  present  time  would  not  by  reflection  from  that  chain  then 
reacn  the  eastern  slopes.  At  the  same  time  the  greater  exten- 
sion of  the  Gulf  waters  northward  would  cause  southerly  winds 
to  sweep  over  these  slopes.  These  winds  passing  over  the  cold 
waters  of  the  lakes  and  great  rivers  would  form  abundant  foga. 
Thus  a  mild,  equable,  and  moist  climate  would  be  produced  in 
the  lowlands,  even  if  the  earth  had  its  present  amount  of  cold, 
causing  the  growth  of  ferns,  cycads,  eta,  and  covering  the 
hills  with  the  immense  growth  of  coniferous  trees  which  we 
know  must  have  existed.  This  condition  of  things  would  also 
have  been  eminently  favorable  for  the  production  of  coal.  This 
was  only  brought  to  a  close  in  the  final  advance  of  the  ice  at 
the  end  of  the  Jurassic  Period,  when  all  the  abundant  forms  of 
plants  of  that  period  were  extinguished  to  appear  no  mora 
No  other  cause  seems  adequate  to  explain  the  total  extinction 
of  the  Jurassic  flora,  and  the  complete  change  which  we  find 
in  the  succeeding  Cretaceous  flora. 

But  while  the  plants  were  growing  in  the  lowland  and  around 
the  lakes,  a  very  different  condition  of  things  prevailed  in  the 
high  Appalachians.  The  stratigraphy  of  the  formations  com- 
posing this  belt,  and  the  amount  of  erosion  which,  as  we  know^ 
took  place,  maJ^e  it  clear  that  in  the  early  Mesozoic  timet; 
much  of  this  region  must  have  stood  above  the  snow  line,  and 
a  still  larger  portion  near  it  If  we  recall  the  physical  featurea 
of  the  North  American  continent  which  existed  at  that  time, 
we  shall  see  that  even  with  our  present  climate  then  prevailing, 
the  conditions  would  have  been  eminently  favorable  for  the 
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formation  of  glaciers.  Along  with  a  sufficient  degree  of 
cold  we  must  have  abundance  of  moisture  to  produce  glaciers. 
This  would  be  supplied  by  the  western  and  southwestern 
winds.  The  latter  would  sweep  unchecked  from  the  Pacific 
over  vast  bodies  of  warm  waters  in  the  interior,  and  meeting 
the  lofty  mountain  belt  of  the  Appalachians,  would  give 
unlimited  supplies  of  snow.  The  configuration  of  this  ele- 
vated district,  with  its  broad  slopes,  and  long  valleys  inclining 
In  one  direction,  would  be  eminently  favorable  for  the  collec- 
tion of  snow  and  its  discharge  in  the  form  of  glaciers.  Indeed 
this  region  must  at  that  time  have  formed  a  perpetual  storm 
center.  We  are  not  without  evidence,  however,  that  a  period 
of  cold  greater  than  that  now  existing,  prevailed  toward  the 
close  of  the  Jurassic,  and  in  this  we  find  the  explanation  of 
the  advance  of  the  ice  so  far  to  the  east  at  that  time. 

Mr.  Judd.  in  his  excellent  paper  on  the  Secondary  Eocks  of 
Scotland,  published  in  the  Quar.  Jour.  Geol.  Soc.,  vol.  xxix, 
gives  a  description  of  certain  very  remarkable  beds  of  stones, 
which  under  the  name  of  the  *'  Brecciated  Beds  of  Ord,"  form 
the  uppermost  beds  of  the  Upper  Oolite  of  the  east  coast  of 
Scotland.  These  beds  are  composed  of  huge  masses  of  stones 
brought  from  a  distance,  and  packed  in  fine  argillaceous  matter. 
The  conditions  are  such  that  it  is  impossible  for  water  alone 
to  have  transported  the  material.  Hence  some  of  the  English 
geologists  attribute  this  formation  to  ice  action.  The  beds  of 
atone  are  interstratified  with  shale  beds,  containing  a  beautiful 
Oolitic  flora.  Many  of  the  features  seen  here  resemble  those  of 
the  beds  at  Dutch  Gap.  The  question  suggests  itself  whether  at 
the  close  of  the  Jurassic  an  ice  sheet  did  not  cover  the  northern 
part  of  Scotland,  extending  east  and  west  If  so,  we  may  have 
in  the  melting  of  this  ice,  the  source  of  supply  of  those  waters 
which  formed  the  fresh  water  Wealden  deposits  of  England 
and  northwestern  Germanv.  It  is  well  known  that  it  is  a  puz- 
zle to  determine  whence  the  great  rivers  which  fed  these  lakes 
could  have  derived  their  abundant  waters. 

Another  question  may  be  asked.  Is  it  not  possible  that 
some  of  the  drift  of  our  northern  States,  which  is  attributed 
entirely  to  the  action  of  forces  in  the  Glacial  Period,  may  be 
much  older?  It  is  well  known  that  none  of  the  Mesozoic  areas 
of  the  Atlantic  slope  seem  to  have  had  perfect  communication 
with  the  sea.  May  not  this  be  due,  at  least  in  the  latest 
formed  of  them,  to  the  great  quantity  of  drift  matter  accumu- 
lated seaward,  and  not  in  all  cases  to  an  elevation  of  the  coast? 

The  question  whether  drift  deposits,  similar  to  those  of  Vir- 
ginia, may  or  may  not  be  found  in  the  States  lying  around  the 
southern  prolongation  of  the  Appalachian  belt,  is  worthy  of 
the  attention  of  geologists.  Sir  Charles  Lyell,  in  his  account 
of  his  second  journey  to  the  United  States,  mentions  some 
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significant  features,  which  in  Oeorgia  and  Alabama,  attracted 
his  attention  on  the  line  of  meeting  of  the  Tertiary  and  Azoic. 
He  mentions  seeing  erratic  masses  of  various  sizes  and  charac- 
ter, which  rest  on  the  Azoic,  pass  up  to  the  Tertiary,  but  do  not 
pass  over  on  the  latter.  He  noticed  this  drift  as  resembling 
the  northern  Glacial  Drift  K  this  is  of  Upper  Jurassic  a^e, 
then  it  ought  not  to  pass  over  the  Tertiary  but  under  it.  Again, 
he  mentions  seeing  m  Alabama,  at  the  base  of  the  Cretaceous, 
"dense  masses  of  shingle  perfectly  loose  and  unconsolidated, 
derived  from  the  waste  of  Paleozoic  strata,  a  mass  in  no  way 
except  by  its  position,  distinguishable  from  ordinary  alluvium." 
Tuomey  mentions  at  Aiken,  in  South  Carolina,  beds  of 
gravel  and  sand,  without  fossils,  and  Iving  at  or  under  the  base 
of  the  Cretaceous.  Lieutenant  Vogdes  thinks  that  these  may 
be  Wealden. 

Morgftntown,  West  Virginia,  Nor.  4,  1878. 


Art.  XXIX. — Notice  of  recent  Additions  to  the  Marine  Fauna  of 
the  eastern  coast  of  North  America^  No,  8;  by  A.  E.  Verrill. 
Brief  Contributions  to  Zoology  from  tlie  Museum  of  Yale  College. 
No.  XL.* 

Among  the  many  interesting  additions  recently  made  to  the 
American  marine  fauna,  are  two  handsome  undescribed  species 
of  **  sea-feathers"  (Pennatulaceae)  and  three  fine  new  species 
of  hydroids,  belonging  to  the  family  Piumularidse,  of  which 
only  three  species  have  previously  been  known  to  inhabit  our 
northern  coast  Those  now  added  appear  to  belong  to  the 
genus  C7adocarpvSj  recently  established  oy  AUman,  for  several 
deep-water  forms,  from  the  coasts  of  Europe  and  the  Gulf  of 
Mexico.  Two  very  interesting  Cephalopods  have  also  been 
recently  added  to  our  fauna. 

Anthozoa. 
VirgulaiHa  grafidijhra,  sp.  nov. 

A  large,  stout  species,  with  very  large  polyps,  which  are  only 
slightly  united,  close  to  their  bases.  Racnis  stout,  ventral 
side  convex,  and  with  a  wide  naked  space ;  below  the  polyp- 
iferous  portion  there  is  a  marked  fusiform  swelling,  with  longi- 
tudinal wrinklps;  the  end  is  bulbous  and  perforated;  at  the 
distal  end  the  naked  rachis  extends  about  8°^  beyond  the  last 
polyp-cells,  and  tapers  to  a  blunt  tip.  Axis  rather  stout, 
rounded,  yellowish  white.  The  polyp-cells  are  large,  and 
arranged  in  very  oblique,  rather  irregular  rows,  seldom  con- 
taining more  than  six  or  eight,  and  separate  so  nearly  to  the 

*  Nob.  XXXVn  and  XXXVIII  were,  by  an  error,  doubly  employed  in  this 
Beriee.    This  is,  in  reality,  the  forty-second  article. 
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base  that  they  form  only  very  rudimentaiy  alas,  while  in  some 
states  of  contraction  they  appear  entirely  disunited.  The  rows 
are  rather  distant  on  the  same  side,  and  on  opposite  sides  alter- 
nate irr^ularly,  and  the  dorsal  members  of  adjacent  rows 
intermingle  or  overlap,  while  the  polyps  in  the  middle  region 
usually  stand  alternately  farther  lorward  and  farther  back  in 
the  same  row,  while  the  most  ventral  one  is  usually  placed 
farther  toward  the  ventral  side  in  each  alternate  row;  the 
polyp-cells  are  stout,  cylindrical,  soft,  slightly  eight-ribbed, 
considerably  contractile.  Tentacles,  very  long,  tapering  to  a 
long  slender  tip,  with  very  numerous,  slender  lateral  lobes. 
Most  of  the  polyps  are  well  expanded ;  a  very  few  have  the  ten- 
tacles nearly  retracted.  Zooias  are  numerous,  small,  but  very 
distinct,  covering  the  lateral  intervals  between  the  rows  of 
polyps  and  usually  extending  into  the  intervals  between  their 
bases,  while  along  the  ventral  side  the  lateral  patches  are 
usually  connected  by  a  belt  of  zodids  running  outside  of  the 
most  ventral  polyp-cells,  but  those  of  the  latter  that  stand  out 
more  than  usual,  usually  interrupt  these  belts.  No  calcareous 
spicula  were  found  in  the  polyp  or  coenenchyma.  Color  of  the 
rachis  and  polyp-cells  brownish  yellow,  in  alcohol ;  tentacles 
dark  brownish  red. 

Length,  350°^;  of  naked  peduncle,  60™*;  diameter  of  bulb 
of  latter,  10™*;  of  narrow  portion,  5"""*;  of  rachis,  5  to  8™*; 
of  axis,  1-5™™;  diameter  of  largest  polyp-cells,  3°"*;  their 
length,  5™* ;  length  of  tentacles,  6  to  7™°  or  more. 

Taken  on  a  trawl  line,  in  220  to  260  fathoms,  lat  42''  46' ; 
long.  63*^  45',  by  the  crew  of  the  schooner  *' Laura  Nelson,"  Capt 
R  N.  Morrison.  This  is  a  very  handsome  and  remarkable 
species,  of  which  only  a  single  specimen  has  been  obtained.  It 
differs  widely  from  the  previously  described  species  of  Virgula- 
rioy  and  approaches  KolIiker*s  genus  BalipteriSj  in  appearance, 
but  differs  in  the  character  of  the  polyp-cells  and  in  the  absence 
of  spicula. 

t\iniculina  armata^  sp.  nov. 

A  long,  slender  species,  with  large,  rigid,  urceolate,  spicu- 
lose  polyp-cells,  armed  at  the  aperture  with  eight,  sharp,  diver- 
gent spiculose  points.  Axis  and  rachis  quadrangular,  slender, 
the  sides  of  the  axis  concave.  The  polyp-cells  are  entirely 
separate  and  arranged  in  numerous  irregular  transverse  clusters 
of  two  to  four,  smaller  and  larger  intermingled :  they  are  so 
stiffened  by  spicula  as  to  be  scarcely  flexible,  and  retain  well 
their  form :  they  are  elongated,  swelling  out  gradually  from 
near  the  base  and  tapering  again,  above  the  middle,  to  near  the 
summit,  which  sudaenly  expands  to  the  edge,  from  whence 
eight,  long,  acute,  rigid,  white  points  diverge;  tentacles  spicu- 
lose, but  wholly  retractile  within  the  cells.     Among  the  ori- 
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dary  cells  are  small  clusters  of  much  smaller  zooids,  which  are 
white,  prominent,  larger  at  summit  than  at  base,  and  possess 
eight  rudimentary  tentaclea  The  polyp-cells  are  filled  with 
long,  slender,  smooth,  triquetral,  or  three-winged,  prismatic 
spicula,  arranged  in  longitudinal  bands  and  irregular  transverse 
clusters,  while  a  convergent  cluster  forms  each  of  the  eight 
points  at  the  summit;  similar,  but  smaller,  spicula  occur  in 
the  main  stem  of  the  tentaclea  The  ova  are  large  and  situa- 
ted both  in  the  polyp-cells  and  in  the  cavity  below  their  bases, 
where  a  considerable  cluster  can  be  seen  when,  as  often  hap- 
pens, the  cells  are  broken  off.  Sachis  yellowish  white  below, 
light  orange-brown  above;  polyp-cells  darker  brown,  with 
white  spicula ;  tentacles  dark  brownish  red. 

Height,  600°^ ;  diameter  of  rachis  near  base,  I'S"*™ ;  in  mid- 
dle, about  l"^to  1-5"*";  length  of  larger  polyp-cells,  about 
6™;  diameter,  1-5  to  I'ld"^. 

Taken  on  a  trawl-line  in  800  to  400  fathoms,  about  forty 
miles  southwest  from  the  N.W.  Light  of  Sable  Island,  N.  S., 
by  George  K.  Allen,  schooner  "  M.  H.  Perkins." 

PtUeUa    borealis  Gray  =  P^nno^t^  borealis    Sats:=z  Pennatula 
grandie  Ehr.  (non  Fallas)  znPiilella  grandie  Kor.  &  Dan. 

Several  additional  specimens  of  this  species  have  been  re- 
ceived from  off*  Nova  Scotia. 

In  the  Fauna  Litt  Norvegiae,  vol.  iii,  p.  82, 1877,  Koren  and 
Danielssen  have  given  an  elaborate  description  of  this  species, 
with  figures.  They  have  shown  good  reasons,  apparently,  for 
adopting  Gray's  genus,  Ptilelia^  for  this  form,  but  inasmuch  as 
Ehren berg's  name  (P.  grandia)  had  been  preoccupied,  it  ought 
not  to  be  used  for  this  species. 

Cephalopoda. 
Histioteuthis  Collinsii^  sp.  nov. 

A  very  large  and  handsome  species,  with  a  broad  thin  web, 
extending  between  and  nearly  to  the  ends  of  the  six  upper 
arms.  Tentacular  arms  about  two  feet  long  and  slender,  ex- 
panding near  the  end  into  a  broad,  long-oval,  sucker-bearing 
portion  *'  or  club,"  which  is  bordered  by  a  membrane,  widest  on 
the  outer  edge ;  it  ends  in  a  tapering  tip,  on  the  back  of  which 
there  is  a  thin  crest-like  membrane  or  keel,  enlarging  backward 
to  the  end,  where  it  fornis  a  roundtd  lobe.  The  most  expanded 
portion  of  the  **club"  bears  five  rows  of  suckers,  with  finely 
serrate  rings  ;  two  rows  contain  much  the  largest  suckers,  four 
or  five  in  each,  the  more  central  of  the  two  rows  containing 
four  suckers  larger  than  the  rest;  outside  of  these  are  two 
rows  of  medium-sized  suckers,  and  along  the  inner  edge  of 
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the  club  there  is  one  partial  row  of  similar  ones,  while  along 
the  inner  edge  of  the  proximal  portion  of  the  club  there  is  a 
row  of  smooth-edged  suckers,  alternating  with  tubercles  that 
fit  into  corresponding  suckers  on  the  other  arm  ;  a  row  of 
similar  but  smaller  suckers  extends  for  about  six  inches  along 
the  inner  median  line  of  the  arm,  alternating,  two  by  two,  or 
singly,  with  tubercles,  and  gradually  becoming  more  distant 
The  tip  of  the  arm,  beyond  the  expanded  club,  bears  minute 
serrate  suckers,  at  first  in  six  rows,  decreasing  to  two  at  the 
end.  Sessile  anns  stout,  three-cornered,  tapering  to  slender 
tips,  each  bearing  two  rows  of  globular  suckers,  having  a  small, 
obliaue  opening  and  few  blunt  teeth. 

All  the  arms  on  the  left  side  are  an  inch  or  more  longer 
than  the  corresponding  right  ones.  The  dorsal  and  ventral 
arms,  of  the  same  side,  are  about  equal,  and  decidedly  shorter 
than  the  two  lateral  pairs,  which  differ  but  little  in  length.  A 
broad,  thin  web,  about  two-thirds  as  broad  as  the  length  of  the 
arms,  unites  the  upper  three  pairs  together,  and  as  a  narrowing 
border  extends  along  their  sides,  nearly  to  the  tips.  The  lower 
lateral  arms  have  a  thin,  crest-like  membrane  on  their  outer, 
median  surface,  commencing  at  the  basal  fourth  and  extending 
nearly  to  the  tips.  The  ventral  arms  are  united  together,  near 
the  base,  by  a  web,  which  also  unites  to  the  main  web,  in  the 
median  plane.  A  narrow  web,  arising  from  the  outer  angles 
of  the  arms,  also  unites  all  the  arms  together  for  a  short  distance 
above  their  bases.  Eyes  mutilated,  their  lids  form  a  large, 
simple,  rounded  opening.  Beak  with  very  sharp  black  tips;  a 
broad  membrane,  rising  into  six  prominent  angles,  surrounds 
the  mouth.  The  outer  surface  of  the  head  and  arms  is  covered 
with  large,  very  slightly  raised  warts  or  tubercles,  which  are 
dark  blue  with  a  whitish  center ;  a  circle  of  them  surrounds 
the  eye  lids.  Color,  between  the  warts,  purplish  brown,  with 
dark  brown  spots,  and  reddish  specks ;  web  and  inner  surface 
of  arms  uniform  dark  reddish  brown;  suckers  yellowish  white; 
tentacular  arms  light  orange-brown. 

Tentacular  arms  24  and  25  inches  long;  diameter  at  base, 
•6 ;  breadth  of  club,  '70,  without  membrane ;  its  length,  2*75  ; 
length  of  the  slender  tip,  1*25  ;  of  dorsal  crest,  1*5;  length  of 
dorsal  arm,  of  left  side,  14  inches  ;  1st  lateral,  17  ;  2d  lateral, 
17*25 ;  of  dorsal,  14*25 ;  breadth  of  lateral  arms,  at  base,  "9 ; 
thickness,  '75 ;  diameter  of  eye-opening,  '9  ;  diameter  of  head, 
at  base  of  arms,  8*5. 

Taken  from  the  stomach  of  Alepidosaurus^  lat  42*^  49',  long. 
62**  57',  off  Nova  Scotia,  by  the  crew  of  the  schooner  "  Marion," 
Capt.  J.  W.  Collins. 

All  parts  back  of  the  eyes  are  absent,  the  eyes  are  mutilated, 
but  the  specimen  is  otherwise  in  excellent  pi'eservation,  even 
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the  thin  web  and  the  colors  being  uninjured.  With  it  was  the 
terminal  portion  of  an  arm  of  a  gigantic  squid  (ArchiteutliVi\ 
too  much  injured  for  specific  determination.  I  have  named 
the  species  in  honor  of  Capt  Collins,  to  whom  and  the  crew  of 
his  vessel,  we  are  indebted  for  so  many  interesting  and  novel 
specimens. 

TaonixM  hyperhoreus  Steenst.  (?) 

A  large  and  handsome  species  of  this  genus  has  just  been  re- 
ceived, which  may  be  this  species,  though  in  its  proportions 
differing  from  Steenstrup's  measurements.  The  eyes  are  very 
large  and  globular,  in  contact,  beneath  the  head.  The  arms  are 
very  short,  and  part  of  them  have  lost  their  tips  and  afterwards 
healed.  The  tail  is  long,  lanceolate,  tapering  to  a  very  long, 
slender,  acute  tip.  Color  brownish  red,  with  rather  large 
rounded,  dark  brown  spots.  Length  of  head  and  body,  13*5 
inches;  edge  of  mantle  to  tip  of  tail,  12;  tail,  5;  its  breadth, 
1*8;  diameter  of  boay,  2  25;  of  eye,  1;  length  of  ventral 
arms,  1*9 ;  of  lower  lateral  arms,  2*25. 

Taken  at  the  surface,  in  the  northern  edge  of  the  Gulf 
Stream,  W.  long.  55°,  by  Mr.  Thomas  Lee,  schooner  "  Wm.  H. 
Oaks,"  Jan.,  1879. 


Art.  XXX. — Note  on  i/ie  Age  of  the  Laramie  Group  or  Rocky 
Mountain  Lignitic  Formation  ;  by  H.  M.  Bannister. 

In  his  recently  issued  report  on  Systematic  Geology,  vol.  i, 
U.  S.  Geological  Exploration  of  the  40th  Parallel,  Mr.  Clarence 
King  discusses  at  length  the  disputed  q^uestion  of  the  age  of  the 
Rocky  Mountain  lignite  series,  to  which,  by  agreement  with 
Dr.  Hayden,  he  gives  the  name  of  the  Laramie  group.  In  his 
argument  for  the  exclusively  Cretaceous  age  of  these  beds,  it 
appears  to  me  that  he  has  generalized  too  freely,  and  I  propose 
to  notice  a  few  omissions  and  points  where  he  seems  to  me  to 
be  in  error. 

We  may  leave  aside  all  the  paleontological  evidence  of  the 
age  of  these  beds,  the  general  Eocene  aspect  of  their  invertebrate 
fauna,  which,  I  believe,  no  one  has  disputed,  the  Tertiary  ^acie^ 
of  the  flora,  which,  I  believe,  is  an  issue  between  Professors 
Lesquereux  and  Newberry,  and  the  Cretaceous  Saurians  found 
high  up  in  the  series,  as  all  compatible  with  the  theory  of  its 
transition  character,  and  the  question  of  its  conformability  re- 
mains. Mr.  King  asserts  that  it  is  absolutely  unconformable 
with  the  overlying  Vermilion  Creek  group,  and  that  nowhere, 
save  in  one  locality,  is  there  any  appearance  of  conformability 
between  the  two.     I  should  hesitate  to  disagree  with  him,  were 
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it  not  that  when  examining  this  formation  with  the  late  Mr.  F. 
B.  Meek,  in  the  year  1872,  we  both  thought  we  found  evidences 
of  conformability  between  these  strata  and  the  overlying  Ter- 
tiary in  other  localities  than  Black  Buttes,  the  one  admitted  by 
Mr.  King.  Then,  in  examining  the  reports  of  other  geolo- 
gists who  have  visited  the  region,  1  find  that  their  observations 
in  these  localities,  as  far  as  stated,  agreed  with  ours.  Among 
these  I  may  perhaps  include  Mr.  King  himself.  He  says 
(p.  884),  "Good  exposures  of  the  Laramie  group  beds  may  be 
seen  along  the  railroad,  just  east  of  Separation  station,  where 
they  show  the  peculiar  ashen  gray  sandstones,  containing  a 
considerable  development  of  argillaceous  beds,  and  a  great 
number  of  coal  seams,  and  contain  plentiful  plant  remains, 
generally  as  leaf-impressions,  and  frequently  also  as  indistinct 
and  partially  carbonized  stems  in  the  impure  sandstones.  In 
the  ridge  south  of  this  station,  they  dip  at  an  angle  of  10** 
north,  but  flatten  out  to  the  north,  so  t/iat  the  line  between  them 
and  the  overlying  Tertiaries  is  even  more  difficult  to  determine  than 
the  exact  division  between  them  and  the  underlyinff  Fox  Hills 
group."  (Italics  mine.)  Now,  at  this  locality,  Mr.  Meek  and  I 
examined  a  thickness  (estimated)  of  eighteen  hundred  feet  or 
more  of  conformable  beds,  and  in  the  upper  portion  found 
abundance  of  purely  fresh-water  shells,  and  a  fragment  of 
bdne,  apparently  of  a  turtle.  At  the  base  of  this  series  was  a 
heavily  bedded  sandstone,  exactly  similar  to  that  which  forms 
the  only  constant  horizon  at  Black  Buttes,  and  the  overlying 
strata  were  not  dissimilar  to  those  at  the  latter  locality. 

In  the  report  on  Descriptive  Geology  of  the  same  survey, 
Mr.  Emmons,  Mr.  King^s  assistant,  when  speaking  of  this  same 
region,  uses  the  following  words  (p.  207,  vol.  ii,  U.  S.  Geol.  Expl. 
40th  Parallel) :  "  To  the  west  of  Rawling's  Peak,  as  we  have 
seen,  the  Cretaceous  strata  fall  off  with  an  ever  decreasing  angle 
of  dip,  assuming  to  the  north  of  the  railroad,  between  Separation 
and  Washakie,  an  almost  horizontal  position,  and  are  gradually 
succeeded  by  the  overlying,  and,  in  this  region,  conformable 
beds  of  the  Vermilion  Creek  Tertiary."  This  passage  suffi- 
ciently indicates  that  tha  conformability  of  the  strata  is  not 
merely  local ;  and  that  it  is  also  not  local  at  Black  Buttes,  is 
proven  by  the  testimony  of  Professor  Cope,  who  found  it  to 
exist  for  miles  south  of  the  station,  while  our  observations  were 
made  to  the  north.  Thus  we  have  a  conformability,  as  far  as 
observed,  on  both  sides  of  the  Washakie  Tertiary  basin,  accord- 
ing to  the  testimony  of  Mr.  King's  own  survey. 

Passing  to  the  westward,  we  find  Mr.  King  speaking  as  fol- 
lows in  regard  to  the  Evanston  coal-bearing  strata  which,  by 
Mr.  Meek  and  myself,  had  been  regarded  as  of  uncertain  but 
probably  of  Tertiary  age.     **  At  Evanston  the  highest  portions 
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of  the  Laramie  Cretaceous  are  not  exf>osed,  but  the  sandstones 
near  the  summit  of  the  group  contain  the  enormous  workable 
coal-beds  of  the  Eocky  Mountains  and  Wyoming  Coal  Compa- 
nies. These  coal-bearing  Laramie  beds  dip  at  angles  from  16° 
to  26°,  whereas  the  Vermilion  Creek  Tertiaries  are  nearly 
horizontal  over  them,  and  carry  remains  of  the  genera  Cory- 
phodon  and  Eohippus  and  fishes."  Mr.  Emmons  says,  speaking 
of  the  same  beds,  that  there  is  no  doubt  but  that  they  belong 
to  the  Cretaceous  and  probably  to  the  Laramie  group,  though, 
from  the  lack  of  paleontological  evidence,  this  reference  is 
simply  conjectural  Now,  so  far  as  I  can  learn,  not  a  single 
salt-  or  brackish-water  fossil  has  been  found  at  this  locality, 
though  land  and  fresh-water  shells  are  abundant  in  strata 
immediately  above  the  coal,  the  flora  is  said  to  be  Tertiary,  and 
in  these  same  dipping  beds — not  in  the  nearly  horizontal  ones 
mentioned  by  Mr.  King — Professor  Cope  found  an  Eocene  ver- 
tebrate feuna,  identifiable  with  that  of  the  lower  Green  Eiver 
epoch  (Vermilion  Creek  Tertiary.)  Moreover,  if  the  coal  is 
near  the  top  of  the  Laramie  series,  which  here,  according  to 
Mr.  King,  aipsunconformably  under  the  Tertiary,  what  are  we 
to  do  with  over  twenty-four  hundred  feet  of  strata  overlying  it 
conformably  and  of  which  a  section  was  taken  by  Mr.  Meek 
and  myself?  As  a  detailed  section  it  is  of  no  special  value, 
the  strata  vary  sometimes  within  a  very  short  distance,  but  its 
vertical  extent  is  of  interest  in  this  connection.  It  is  highly 
probable  that  it  includes  the  horizon  of  the  limestone  bed  with 
vertebrate  remains  discovered  by  Professor  Cope,  which  was 
possibly  only  local ;  such  beds  sometimes  run  out  in  a  few  rods 
or  yards.  A  comparison  of  the  lower  part  of  the  section  made 
at  Almy,  by  Mr.  Meek  and  myself  (p.  540,  Hayden's  Annual 
Eeport  for  1872)  and  one  including  the  same  horizons  also  made 
at  Almy,  which  is  given  by  Professor  Lesquereux,  on  page  888 
of  the  same  volume,  will  sufficiently  illustrate  this  fact  The 
sandstones,  indeed,  often  suggested  beach  deposits  rather  than 
regularly  deposited  strata. 

That  these  Laramie  beds  and  the  overlying  Tertiaries  are 
often  unconformable  may  be  readily  admitted  without  invali- 
dating the  hypothesis  of  their  transition  character.  They 
are  sometimes  unconformable  in  themselves;  an  apparent  non- 
conformity was  noted  just  below  the  horizon  of  Black  Buttes, 
and  another,  many  hundred  feet  lower  down,  has  been  made  the 
dividing  line  between  the  Tertiary  and  Cretaceous  by  Major 
Powell  and  Dr.  White.  The  evidence  appears  to  me  to  indicate 
that  the  Laramie  epoch  was  throughout  one  of  stratigraphic  dis- 
turbance rather  than  that  there  was  only  one  great  orographic 
change  at  its  close,  and  that  the  reasonableness  of  the  opinion 
of  its  transition  character  is  not  yet  altogether  disproved. 
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I.  Chemistry  and  Physics. 

1.  On  &el(Uinou»  Silica  and  (m  an  Inorganic  membrane  formed 
of  it. — Ullik  has  experimented  on  gelatinous  silica  and  has  pre- 
pared it  in  such  form  as  to  be  used  in  dialysis.  The  transparent 
jelly  which  is  obtained  when  a  dilute  solution  of  water  glass  is 
poured  into  hydrochloric  acid,  is  well  known.  The  author  has 
succeeded  in  washing  it  absolutely  free  from  sodium  chloride  and 
the  excess  of  acid,  and  in  producing  pure  silicic  acid  as  a  perfectly 
transparent  jelly.  In  the  air  it  dnes  to  a  transparent  mass,  about 
one-fifth  in  volume,  breaking  into  fragments  resembling  hyalite, 
and  pretty  hard.  Four  decigrams  of  the  dry  mass  gave  when 
evaporated  with  hydrogen  fluoride,  a  residue  of  only  0*0016  gram. 
It  corresponds  nearly  to  the  formula  H,SiO,.  Suddenly  ignited,  it 
gives  a  brilliant  sand ;  but  heated  with  care,  the  temperature  rising 
very  gradually,  up  to  full  ignition,  it  retains  its  form  and  glassy 
transparent  masses  are  obtained.  The  dried  has  a  sp.  gr.  of  1*84 
to  1-907,  resembling  opal;  the  ignited,  of  2*322  to  2  324,  which  is 
that  of  tridymite.  The  facility  with  which  the  gelatinous  silica 
was  washed  led  the  author  to  conclude  that  difrasion  had  taken 
place  through  it  and  hence  that  it  possessed  the  properties  of  a 
membrane.  To  prove  this  definitely,  the  bottom  was  cracked  out 
of  a  precipitating  glass,  the  edges  pressed  down  upon  a  piece  of 
rubber  covered  with  filter  paper,  and  the  mixture  poured  in.  After 
solidification  of  the  silicic  acid,  the  whole  was  immersed  in  water, 
the  filter  paper  removed,  and  the  gelatinous  mass  washed  by  re- 
peated renewal  of  the  water.  In  this  way  a  dialyser  was  made 
whose  mouth  was  closed  completely  by  a  membrane  of  silicic  acid 
three  millimeters  thick.  A  second  one  had  a  membrane  half  a  mil- 
limeter thick,  supported  by  paper.  Experiment  proved  that  no  fil- 
tration took  place  through  tnese  membranes,  but  that  they  allowed 
diffusion  to  go  on  readily.  For  example,  60  cm.  of  a  20  per  cent 
sugar  solution  being  placed  in  the  dialyser,  it  being  immersed  in 
water  until  the  level  was  the  same  within  and  without,  there  was 
produced  in  three  days  a  difference  of  level  of  12  mm.  with  the 
thicker,  and  20  mm.  with  the  thinner  membrane;  and  there  had 
passed  out  into  the  water  14  per  cent  of  the  sugar  in  the  former 
case  and  49*5  per  cent  in  the  latter.  A  membrane  made  in  a  fun- 
nel tube,  and  this  filled  with  copper  sulphate  solution  and  placed 
in  water,  showed  after  twenty-four  hours  a  difference  of  level  of 
13  cm.  and  the  water  without  was  distinctly  blue. — Ber.  BerL 
Chem.  Oea.^  xi,  2124,  Dec.  1878.  g.  p.  r 

2.  On  the  Action  of  Hypo-chlorous  oxide  on  Ethylene. — Mul- 
der and  Bbbmbb  have  studied  the  action  of  hypochlorous  oxide 
upon  ethylene.  A  flask  filled  with  fragments  of  pyrolusite  was 
heated  on  the  water-bath,  and  strong  hydrochloric  acid  dropped 
upon  it  through  a  syphon.    The  chfonne  thus  evolved  was  con- 
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ducted  through  three  wide  fflass  tubes  each  of  one-half  a  liter  capa- 
city, containing  equal  weightH  of  pounded  glass  and  of  mercuric 
oxide,  and  heated  in  a  sandbath  to  about  340^.  The  hypochlo- 
rous  oxide  thus  produced  was  mixed  with  dry  ethylene  gas  in  ex- 
cess and  passed  upward  through  a  vertical  tube  cooled  by  water 
and  protected  from  the  light.  A  liquid  condensed  in  the  tube 
which  afforded  on  fractioning  a  small  quantity  of  ethylene  chloride 
boiling  below  100°,  but  consisted  chiefly  of  a  product  boiling  at 
180*-210°,  and  having  a  vapor  density  of  73'8.  Analysis  gave  its 
empirical  composition  as  C^H,C1,0,.  Fractionated  in  vacuo,  a 
purer  product  was  obtained.  Heated  with  silver  oxide,  the  fil- 
trate afforded  a  salt  which  proved  to  be  silver  monochloracetate 
Cfl  CI — COOAg.  Heated  with  water  (in  which  it  is  not  soluble) 
with  an  upward  condenser,  monochloracetic  acid  was  again  ob- 
tained. After  neutralizing  the  liquid  with  potassium  carbonate, 
ether  extracted  from  the  liquid  raonochlorhydrin  CH,C1 — OH,OH, 
boiling  at  130®.     Hence  the  action  described  affords  a  body  having 

CO— O— CH, 

the  structural  formula  i  i  .The  reaction   by   which 

CHjCl      CHjCl 
this  monochlorethyl  monochloracetate  is  produced  is 
CHCH,        CI)  CH— O— CH, 

^rU.  "^  Clf  ^  =  (bH.01  iH,Cl  "^  *'^  '"'  ^*^«^'  "^"^ 
CH— O— CH.        CI)        CO— O— CH, 

L  I  +      VOi=i  I     '     +(HC1),  as  the  second. 

CH.Cl       CH,C1    CU        CH^Cl      CH,Cr^       ^" 
No  products  resulting  from  the  action  of  one  molecule  of  hypo- 
chlorous  oxide  upon  one  of  ethylene  appear  to  be  formed. — Ber. 
JBerL  Chem.  Ges.,  xi,  1958,  Nov.  1878.  g.  p.  b. 

3.  On  the  Hydrogenation  of  Benzene. — The  tendency  in  some 
quarters  to  consider  benzene  as  a  final  hydrocarbon,  in  consequence 
of  its  being  the  nucleus  of  the  aromatic  seiies,  has  led  Berth elot 
to  investigate  the  action  described  several  years  ago  by  him,  by 
which  any  unsaturated  hydrocarbon  may  be  converted  into  a  sat- 
urated one.  The  method  consists  simply  in  treating  the  hydro- 
carbon with  a  saturated  solution  of  hydriodic  acid  at  a  tempera- 
ture of  275®  to  280®  for  some  time.  In  the  new  experiments,  several 
tubes,  each  containing  20  c.c.  of  saturated  hydriodic  acid  and  0-6  c.c. 
of  benzene,  were  sealed  and  heated  to  270®  for  twenty  hours.  The 
unaltered  benzene  was  removed  by  fuming  nitric  acid,  and  the  re- 
maining hydrocarbon,  about  two  thirds  of  the  whole,  rectified  and 
analyzed.  It  was  a  mixture  of  C,H„  and  C,H  .  A  second  treat- 
ment with  hydriodic  acid  gave  nearly  pure  C.H^^  A  third  gave 
a  mixture  of  C,H„  and  C.H^^.  And  finally  a  fourth  treatment 
^ve  C.H,^  boiling  between  68*5®  and  70®.  This  is  the  final  term 
identical  from  both  the  aromatic  and  the  fatty  series,  the  only 
completely  saturated  hydrocarbon  containing  six  atoms  of  hydro- 
gen.— Ann,  Chim.  Phys.^  V,  xv,  150,  Oct  1878.  o.  f.  b. 

4.  On  the  Action  of  Ilypohromous  acid  on  Ethylene  dlhromide, 
— ^Demole  has  been  led  by  theoretical  views  to  study  the  action 

Aic  JouB.  8ci.~Thibd  Sbriibs,  Vol.  XVIL  No.  99.— Mabch,  1879. 
17 
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of  hypobromons  acid  on  ethylene  dibromide.  This  latter  body 
treated  with  a  strong  solution  of  the  acid  in  excess  and  agitated 
for  an  hour,  gave  an  oily  liquid  and  a  supernatant  liquid  colored 
by  bromine.  The  latter  on  examination  afforded  bromacetic  acid. 
Tiie  oil  heated  in  a  watch  glass  for  four  or  five  hours,  crystallized 
on  cooling,  the  mass  being  purified  by  crystallization  from  boiling 
alcohol.  It  then  gave  the  formula  C^H^BrjO,  and  this  by  its  reac- 
tions was  proved  to  be  an  acetone,  having  its  oxygen  joined  to  the 
carbon  by  two  bonds.  On  reduction  with  sodium  amalgam,  ethyl- 
methyl-acetone  C^HgO  was  obtained,  which  gave  a  crystalline  com- 
Eound  with  hydrosodium  sulphite.  Hence  the  first  body  was  hexa- 
rom-ethyl-methjl-acetone.  Oxidized  with  fuming  nitric  acid, 
it  yielded  malonic  acid,  easily  determined  from  its  properties  and 
those  of  its  barium  salt.  This  shows  the  structure  of  the  hexa- 
brom-ethyl-methyl-acetone  to  be  CBr, — CO — CH, — CBr„  the  ter- 
minal carbon  atoms  having  all  the  bromine.—^^^.  iSoc  Oh.y  II, 
XXX,  482,  Dec.  1878.  g.  p.  a 

5.  Relative  Affinities  of  Oxygen  and  the  Haloid  dements. — In 
the  October  number  of  the  Annales  de  Chimie  et  de  Physique, 
Berthelot  has  a  very  interesting  article  on  the  Relative  Affinities 
and  Power  of  Replacement  of  Oxygen  and  the  Haloid  Elements, 
and  shows  that  the  order  of  affinity  and  replacement  can  be  pre- 
dicted from  the  amount  of  heat  evolved  in  the  production  of  the 
various  binary  compounds,  of  which  the  metals  and  the  metalloids 
form  with  oxygen  on  the  one  part,  and  with  chlorine,  bromine  or 
iodine  on  the  other.  In  the  case  of  the  metals  the  heat  evolved 
by  union  with  oxygen  is  with  a  few  exceptions  less  than  that 
resulting  from  the  union  of  the  same  metal  with  either  of  the  three 
haloid  elements  mentioned,  and  it  is  shown  that  in  the  same 
measure  oxygen  may  be  replaced  by  the  direct  action  of  these 
elementary  substances  on  ttie  oxides;  and  further  that,  in  the 
exceptional  cases  presented  by  certain  compounds  of  iodine,  where 
the  thermal  relations  are  reversed,  the  order  of  affinities — as 
shown  by  the  replacing  power — ^is  reversed  as  well.  Moreover  a 
few  other  apparent  exceptions  to  the  general  rale  are  shown  to 
result  from  the  formation  of  intermediate  products. 

While,  however,  the  heat  evolved  by  the  combination  of  the 
metals  with  oxygen  is  less  than  that  resulting  from  the  formation 
of  the  corresponding  haloid  salts,  these  conditions  are,  as  a  rale, 
reversed  in  the  case  of  the  compounds  of  the  metalloids  with  the 
same  elements,  and  so  the  order  of  replacement  is  reversed  as  well. 
This  is  shown  to  be  true  in  regard  to  the  compounds  of  phos- 
phorus, arsenic,  silicon  and  boron,  and  moreover  it  is  made 
evident  that  certain  anomalies,  depending  on  the  production  of 
oxichlorides,  are  really  confirmations  of  this  law  of  thermo-chem- 
istry,  which  Berthelot  has  done  so  much  to  establish.  The  paper 
is  one  of  great  interest,  and  contains  besides  the  illustration  of  the 
important  general  pnnciple  we  have  stated,  the  experimental 
evidence  of  a  large  number  of  new  thermo-chemical  data.  Espe- 
cially worthy  of  notice  is  a  new  general  method  of  therm o-chem- 
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istry  applied  to  the  determination  of  the  heat  of  combination  of 
bromide  of  aluminum,  that  of  chloride  of  aluminum  being  known. 
Thus  A1,C1,  is  dissolved  in  water  containing  CKBr,  and  on  the 
other  hand  Al,Br  is  dissolved  in  the  same  amount  of  water  con- 
taining 6KCL  The  difference  between  the  quantities  of  heat 
evolved  in  the  two  cases  gives  the  only  element  wanting  for 
calculating  exactly  the  difference  between  the  amounts  of  heat 
evolved  in  the  formation  of  the  two  anhydrous  compounds.  Thus 
We  know  from  previous  investigations  that  3(K,+iir, 

(gas)+water)=6KBr+ Aq.  yield +285*0  units. 

We  find  by  experiment  at  this  time  that  A1,C1,  dis- 
solved in  the  previous  solution  yield +  76*0     " 

Representing  the  heat  resulting  from  the  union  of  | 

A1.+C1.=A1.C1.  by  r 

We  have  for  Al,Cl,+6KBr+ Aq g-fSei-O     " 

So  also  we  know  that  3(K,+C1,+ water) sseKCl-f- 

Aq.  yield +302-4     " 

And  we  find  as  before  that  Al,Br,  dissolved  in  this 

product  yields +  86*9     " 

Representing  the  heat-form  Al,+Br,^Al,Br,  by. ..y 

We  have  for  Al,Br,+6KCl+Aq y -I- 389.3     *"*" 

Since  the  final  states  of  the  two  resulting  solutions  seem  abso- 
lutely the  same,  it  must  be  that 

aj+361-0=y+389-3 
or  a— y=389-3— 361  •0=28-3  units. 
If  then  we  adopt  for  x  (when  A1,+CK=A1,C1,)+ 160-9 
We  have  for  y  (when  Al,+Br,=Al,Br,)  +^32-6 

J.  p.  a 
6.  Hie  Part  of  Acids  in  Etherijication, — ^The  effect  of  the  pres- 
ence, merely,  of  an  inorganic  acid  in  determining  the  etherification 
of  alcohols  by  the  organic  acid  has  Ions  been  known,  and  the 
theories  advanced  to  explain  this  so-called  "  catalytic "  action 
have  been  numerous.  In  a  paper  following  the  last,  Berthelot 
seeks  to  show  that  these  processes  also  conform  to  the  general 
"  law  of  maximum  works,  that  is,  are  the  natural  result  of  a 
tendency  to  a  condition,  in  which  the  maximum  amount  of  heat 
is  evolved.  To  this  end  both  the  chemical,  and  the  thermal  con- 
ditions, involved  in  both  the  separate  and  also  the  mutual  action 
of  hydrochloric  and  acetic  acids  on  alcohol  are  fully  discussed, 
and  it  is  shown  that  in  the  last  case  the  formation  of  acetic  ether 
is  attended  with  a  much  greater  evolution  of  heat  than  would  be 
that  of  hvdrochloric  ether.  Hence  when  the  two  acids  are  pres- 
ent, the  former  and  not  the  latter  of  these  two  ethers  is  the  chief 
product  of  the  reaction,  and  it  is  shown  that  the  one  condition 
which  chiefly  determines  the  result  is  the  great  amount  of  heat 
evolved  by  the  solution  of  HCl  gas  in  an  excess  of  alcohol.  It  is 
also  shown  that  this  thermal  theory  gives  a  satisfactory  account 
of  the  well  known  conditions  limiting  these  reactions,  and  that  in 
the  action  of  a  mixture  of  strong  nitric  and  sulphuric  acids  on 
hydrocarbon  compounds,  similar  thermal  relations  determine  the 
production  of  nitro-  instead  of  sulpho-derivatives.  j.  p.  c. 
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7.  Preliminary  Note  on  the  Substances  which  produce  the  Chro- 
mospheric  Lines;*  by  J.  Norman  Locktbr,  F.R.S. — Hitherto, 
when  observations  have  been  made  of  the  lines  visible  in  the  sun's 
chromosphere,  by  means  of  the  method  introduced  by  Janssen  and 
myself  in  1868,  the  idea  has  been  that  we  witness  in  solar  storms 
the  ejection  of  vapors  of  metallic  elements  with  which  we  are 
familiar  from  the  pnotosphere. 

A  preliminary  discussion  of  the  vast  store  of  observations 
recorded  by  the  Italian  astronomers  (chief  among  them  Profl 
Tacchini),  Frof.  Young,  and  myself,  has  shown  me  that  this  view 
k  in  all  probability  unsound.  The  lines  observed  are  in  almost 
all  cases  what  I  have  elsewhere  termed  and  described  as  basic 
lines  ;  of  these  I  only  need  for  the  present  refer  to  the  following : 

ht  ascribed  by  Angstrdm  and  KirchhofE  to  iron  and  nickel. 
&4        "        "  Angstrdm  to  magpiesium  and  iron. 

5268  \)j  Angstrdm  to  oobalt  and  iron. 

5269  ^  '*    calcium  and  iron. 
5235      "               *'    oobalt  and  iron. 
6017      **                "    nickel. 

4215      "  "    calcium,  but  to  strontium  by  mysell 

5416  an  unnamed  line. 

Hence,  following  out  the  reasoning  employed  in  my  previous 

Saper,  the  bright  fines  in  the  solar  chromosphere  are  chiefly  lines 
ue  to  the  not  yet  isolated  bases  of  the  so-called  elements,  and  the 
solar  phenomena  in  their  totality  are  in  all  probability  due  to  dis- 
sociation at  the  photospheric  level,  and  association  at  higher 
levels.  In  this  way  the  vertical  currents  in  the  solar  atmosphere, 
both  ascending  and  descending,  intense  absorption  in  sun-spots, 
their  association  with  the  facul®,  and  the  apparently  continuous 
spectrum  of  the  corona  and  its  structure,  find  an  easy  solution. 

We  are  yet  as  far  as  ever  from  a  demonstration  of  the  cause  of 
the  variation  in  the  temperature  of  the  sun ;  but  the  excess  of  so- 
called  calcium  with  minimum  sun-spots,  and  excess  of  so-called 
hydrogen  with  maximum  sun-spots  follow  naturally  from  the 
hypothesis,  and  afford  indications  that  the  temperature  of  the 
hottest  reffion  in  tlie  sun  closely  approximates  to  that  of  the  revers- 
ing layer  in  stars  of  the  type  of  Sirius  and  a  Lyrse. 

If  it  be  conceded  that  the  existence  of  these  lines  in  the  chro- 
mosphere indicates  the  existence  of  basic  molecules  in  the  sun,  it 
follows  that  as  these  lines  are  also  seen  generally  in  the  spectra  of 
two  different  metals  in  the  electric  arc,  we  must  be  dealing  with 
the  bases  in  the  arc  also. 

8.  Upon  the  Nature  of  Spectra  of  Mixed  Qases  — Prof.  E. 
Wiedemann  discusses  at  length  the  theories  of  the  action  of 
molecular  forces  in  producing  various  spectra.  Certain  writere, 
among  whom  arc  Stefan  and  Van  de  Waals  have  supposed  the 
existence  of  an  attracting  force  between  the  molecules,  and  also  a 
repulsive  one  arising  from  an  ether  envelope  which  surrounds  the 
molecule.    The  rotation  and  oscillation  of  the  atoms  in  the  mole- 

*  Paper  read  at  the  Royal  Society,  London. 
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oule,  which  increase  to  the  point  of  breaking  up  the  molecule 
into  its  atoms  and  which  action  increases  with  the  temperature, 
may  produce  periodic  vibrations  in  the  surrounding  light  ether. 
Line  spectra,  on  this  theory,  are  produced  when,  under  the  infla- 
ence  of  heat,  the  molecules  are  divided  into  atoms  and  an  oscilla- 
tory vibration  is  set  up.  F.  Lippich  and  Pfaundler  have  shown 
from  a  theoretical  point  of  view  that  the  broadening  of  line 
spectra  may  result  from  the  influence  of  high  temperature  in  pro- 
ducing a  motion  of  the  molecules  of  a  gas  partly  toward  and 
partly  away  from  the  observer.  Wiedemann  examines  the  views 
in  regard  to  band  spectra  and  concludes  that  they  cannot  be 
attributed  to  rotation  of  the  molecules ;  and  that  the  difference 
between  band  and  line  spectra  is  not  explained  on  the  hypothesis 
of  a  change  of  pressure  of  the  gas  under  consideration.  Wiede- 
mann believes,  after  consideration  of  the  facts,  that  the  difference 
between  emission  and  absorption  spectra  is  to  be  sought  in  the 
change  of  vibration  peculiar  to  each  chemical  combination,  which 
vibration  is  modified  by  surrounding  circumstances ;  and  that  two 
different  substances  can  give  identical  spectra  only  when  the 
forces  acting  between  the  atoms  in  the  molecules  are  identical. 
Prof.  Wiedemann  states  his  intention  to  test  his  theoretical  con- 
clusions by  experiment  and  give  the  results  of  his  preliminary 
investigation  upon  the  spectra  of  mixed  gases.  A  Geissler  tube 
containing  a  small  portion  of  mercury  was  filled  with  hydrogen 
and  the  tube  was  heated  in  an  air  bath  while  the  current  from  an 
induction  apparatus  passed  through  it.  At  ordinary  temperatures 
the  hydrogen  spectrum  was  seen ;  with  an  increase  of  temperature 
appeared  that  of  quicksilver.  With  increasing  temperature  the 
spectrum  of  the  latter  grew  brighter  and  brighter,  while  that  of 
hydrogen  disappeared  in  all  parts  of  the  tube.  In  another  trial, 
sodium  was  enclosed  in  hydrogen  or  nitrogen  vapor.  Here,  also, 
the  spectra  of  the  gases  disappeared  and  at  a  high  temperature 
only  the  lines  of  sodium  appeared.  The  author  believes  that  the 
disappearance  was  not  due  to  any  new  chemical  combination  into 
which  the  substances  had  entered,  and  (liscusses  at  some  length 
the  theory  that  the  passage  of  electricity  from  molecule  to  mole- 
cule is  to  a  certain  degree  selective  and  that  it  can  call  forth  cer- 
tain oscillations  or  vibrations  in  certain  molecules  of  one  sub- 
stance while  it  cannot  do  so  in  a  neighboring  substance  which 
forms  a  mixture  with  the  first. — Ann.  der  Fhya.  tend  Chem.^  No. 
12,  1878,  p.  500.  J.  T. 

9.  The  Law  of  the  Telephone, — M.  Hermann,  in  Archiv  fttr 
Physiologic,  vol,  xvi,  pp.  264  and  314,  has  adduced  certain  experi- 
ments to  show  that  M.  Dubois  Reymond^s  theory  that  the  action 
of  the  telephone  can  be  explained  from  the  ffeneral  law  of  induc- 
tion in  which  the  bending  of  the  iron  plate  is  taken  into  account 
and  the  induction  of  the  current  path  upon  itself  is  neglected, 
does  not  explain  the  facts  observed.  Prof  H.  F.  Weber  commu- 
nicated to  the  Ztiricher  Naturforschenden  Gesellschatl,  a  paper 
in  which  he  showed  that  Hermann's  experiments  agreed  entirely 
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with  the  theoretical  laws  of  induction,  and  that  M.  dn  Bois  Rey- 
mond  was  wrong  in  neglecting  the  induction  of  the  current  path 
upon  itself,  which  last  was  really  the  principal  ftgent  in  producing 
the  agreement  hetween  theory  and  practice.  Ten  days  later  M. 
Helmholtz  presented  a  paper  to  the  6erlin  Akademie  der  Wissen- 
schaften  which  covered  the  same  ground  as  Prof.  Weber's  paper. 
The  general  results  of  these  papers  are  as  follows :  (1.)  *'  In  the 
telephonic  circuit  the  tone  is  m  general  altered."  (2.)  "The 
phase-displacement  that  occurs  during  the  telphonic  transit  is  not 
a  constant  quantity,  its  amount  changes  with  the  constitution  of 
the  path  of  the  current,  and  depends  on  the  number  of  vibrations." 
(3.)  "In  certain  cases,  however,  the  amplitude  of  the  induced  cur- 
rent becomes  independent  of  the  vibration  number  n  and  thus  the 
tone  of  the  exciting  sound  is  unchanged."  j.  t. 

II.  Geology  and  Natural  Histoby. 

1.  Reports  upon  the  Specimens  obtained  from  borings  made  in 
1874,  between  the  Mississippi  River  and  Lake  Borgne^  at  the  site 
proposed  for  an  outlet  for  Flood  Wafers;  by  Prof.  Eugene  W. 
HiLGABD  and  Dr.  F.  V.  Hopkins.  With  a  letter  of  transmittal 
from  Bvt.  Maj.  General  G.  K.  Warren,  Major  of  Engineers, 
President  of  the  Commission.  Washington,  1878. — This  memoir, 
of  great  interest  geolo^cally,  is  from  the  Supplement  to  the 
Report  of  the  Commissioner  of  Engineers  of  .January  16,  1875, 
on  the  Reclamation  of  the  Alluvial  Basin  of  the  Mississippi. 

Prof.  Hilgard  published,  several  years  since  (Rep.  Chief  of 
Engineers,  U.  S.  A.,  1870),  an  account  of  a  section  146  feet  deep, 
made  in  boring  a  well  at  New  Orleans  in  1866.  In  it,  the  part 
below  a  depth  of  41  feet  (numbered  in  the  present  j^amphlet  1  to 
4)  was  found  to  contain  marine  shells,  and  to  consist,  oelow  the 
112  feet  level,  of  a  drab  or  bluish  clay  (numbered  1),  and  (Nos. 
2  to  4)  marine  sandy  beds,  excepting  3  feet  of  clay  (No.  3) ;  then, 
from  21  to  41  feet  in  depth,  a  blue  fluvio-marine  clay,  here  num- 
bered 8;  and,  at  top,  21  feet  of  fresh-water  bluish  tough  clay, 
here  numbered  11. 

In  the  borings  of  1874  referred  to  in  the  above  title,  the  same 
beds  were  met  with.  No.  1  was  reached  in  four  of  them  at  the 
depth  of  91  to  97  feet,  and  No.  4, below  67  to  72  feet;  both  were 
found  to  contain  numerous  marine  shells,  while  the  thin  clay  bed 
No.  3,  appeared  to  be  a  fluviatile  stratum.  No.  4  has  aflorded 
the  shells  Ralanus  ebumeus^  Nassa  aciUa,  Anachis  avara^  Oliva 
mutica^  Utriculus  (Tomatina)  biplicatus  (BuUina  canalictilata 
of  Rep.  of  1870),  Phokts  costata^  Pandora  trilineata,  Corbula 
euneatay  Mactra  IfitercUis^  Tellina  altemata^  T,  tenera^  T.  tenta^ 
Macoma  fujsca^  Chione  canceUata^  Ch,  cribraria^  Dosinia  diacus^ 
Ludna  muUUineata^  L.  costata^  Area  transversa,  Pecten  dislo- 
coitus^  and  other  species. 

No.  8  was  met  with  in  four  borings  near  Lake  Borgne  between 
the  upper  levels  26  to  26  feet,  and  the  lower  62  to  66  feet,  in 
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three  others,  between  the  levels  22  to  38  and  64  to  73  feet;  and 
yarying  much  in  depth  in  others.  This  bed  is  a  blue  delta  clay^ 
the  deposit  of  a  tide-water  marsh,  containing  no  lar^e  marine 
shells,  bat  an  intermingling  of  marine  and  fresh-water  nucroscopio 
forms,  the  latter  increasing  in  number  landward.  The  evidence 
shows  that  it  was  ti*aversed  by  streams. 

Above  No.  8,  the  next  marked  beds  are  Nos.  1 1  and  1 2,  of 
which  No.  11  is  a  cypress-swamp  deposit,  and  12,  a  searmarsh 
clay,  both  still  in  progress.  Dr.  Hopkins  gives  a  list  of  the 
microscopic  organisms  of  strata  Nos.  8  and  12  with  notes  and 
figures,  and  points  out  the  fact  that  there  is  a  marked  difference 
between  them.  Among  the  species  in  No.  8  there  are  Gram' 
mostomum  Americanumy  Lenticulum  discus^  Rosalina  Beccariiy 
JVavicula  Ghindleriy  Pinnularia  viridis,  Eunotia  gibbertda^  Cos- 
cinodiscus  radicUuSy  Leptocietinenia  Kinahuni  ;  and  in  No.  4,  Ro- 
talia  paehypUura^  Planulina  ekgane^  Ndvicula  Jhilva^  N.  viridUy 
species  of  JihizosoleniOy  NUzecheay  Qlobigerina^  etc.  The  two 
have  in  common  Orhulina  universal  Meloeira  distanSy  Cocconema 
lanceolattwiy  Synedra  acuta.    Prof.  Hilgard  remarks : 

^  Stratum  8  may  be  a  true  delta  deposit  of  the  present  Missis- 
sippi, such  as  it  has  been  since  the  re-elevation  of  the  continent 
which  determined  the  erosion  of  the  present  trough  of  the  river. 
The  fact  that  an  apparently  fluviatile  stratum  (No.  3)  occurs 
lower  down,  may  be  taken  as  an  indication  that  both  Nos.  2  and 
4  fall  within  the  modem  period  of  delta  formation.  Tet  it  is  not 
to  be  supposed  that  during  the  period  of  depression  some  definite 
channel^  such  as  that  inmcated  by  strata  Nos.  2  and  7,  did  not 
exbt  here  as  well  as  in  the  region  above,  at  Port  Hudson  (Smith- 
sonian Contr.  No.  248,  p.  5),  and  elsewhere.  But  in  a  'drowned' 
delta  in  course  of  depression,  such  channels  would,  on  the  whole, 
be  smaller,  shallower,  and  more  shifting  than  during  the  period 
of  elevation,  or  the  quiescent  one  that  now  prevails." 

''On  the  other  hand,  stratum  No.  8  might  be  regarded  as  the 
denuded  remnant  of  a  much  thicker  stratum  deposited  during  the 
period  of  depression,  and  therefore  sensibly  contemporaneous 
with  the  'Port  Hudson  clay.'  If,  as  seems  probable,  it  extends  to 
seaward  beneath  the  water  of  Lake  Borgne,  it  is  difficult  to  con- 
ceive it  otherwise  than  as  the  continuation  of  the  '  blue-clay 
bottom'  of  Mississippi  Sound,  about  whose  antiquity,  and  con- 
nection with  the  Port  Hudson  beds  proper,  there  can  scarcely  be 
a  question.  Bat  until  actual  examination  shall  have  deter- 
mined these  points,  and  especially  the  microscopic  similarity  of 
the  '  blue-clay  bottom '  to  stratum  8,  speculation  as  to  how  the 
latter  came  to  occupy  its  present  position  can  hardly  lead  to  any 
useful  conclusions." 

"  It  was  not,  of  course,  to  be  expected  that  borings  reaching 
only  to  a  depth  not  greater  than  that  sometimes  attained  by  the 
Mississippi  Hiver  itself,  should  throw  any  direct  light  on  the 
question  of  the  depth  of  the  delta  deposits  in  the  upper  delta 
plain.     Tet,  in  so  far  as  the  results  of  the  present  investigation 
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corroborate  the  steady  and  rapid  increase  of  the  marine  character 
as  we  descend,  as  well  as  an  appreciable  difference  of  the  fauna  from 
that  now  ordinarily  thrown  ashore  on  the  delta  beaches,  they  tend 
to  corroborate  also  my  previous  conclusion  that  the  delta  deposits 
proper,  at  least  at  and  above  New  Orleans,  have  a  comparatively 
inconsiderable  thickness;  and  that  this  anomalous  structure  of 
the  delta  of  the  great  river  is  in  direct  causal  connection  with  the 
equally  anomalous  phenomenon  of  the  mud-lumps." 

The  memoir  contains,  besides  a  map  and  sections,  three  plates 
of  fossils;  two  by  Dr.  Hopkins,  representing  the  microscopic 
organisms  obtained  from  the  various  beds,  the  upper  as  well  as  the 
lower,  and  one  of  larger  fossils  by  Hilgard.  Among  the  latter 
Prof.  Hilgard  names,  as  probably  new  species,  Serpula  fenestrcUa^ 
TurbonilM  widecim-sulcata^  Dentaliwn  keve^  I),  sexangularej 
Cardiwn  csquilatercUe,  and  C,  incequilaterale, 

2.  7%e  Qtiestion  of  the  Gonidia  of  Lichens, — The  discussion 
opened  by  the  well-known  Alternative  of  De  Bary  (Morph.  and 
Phys.  d.  Pilze,  etc.,  p.  291),  to  which  Schwendener  gave  such 

Erominence,  and  which  Bornet  has  especially  illustrated,  has  been 
rought  at  length  to  what  looks  like  a  conclusion  by  the  obser- 
vations of  Dr.  Arthur  Minks,  of  Stettin. 

The  early  dictum  of  Fries,  that,  however  related  the  Lichens 
may  be  to  the  AlgsB  by  their  vegetation,  they  are  Fungi  as 
regards  their  fruit,  was  brought  to  mind  again,  more  than 
fitly  years  later,  by  the  just  cited  pregnant  remarks  of  Professor 
De  Bary,  on  the  relation  of  the  Nostochacese  and  ChroococcaceaB 
to  the  Lichens,  which  he  winds  up  with  the  (freely  rendered) 
following  observation.  It  is  scarcely  then,  he  says,  to  be 
doubted  that  a  large  part  of  these  families  of  Algse  stand 
in  near  genetic  relation  to  the  Jelly-lichens,  Ephebe,  etc.  In 
what  relation,  it  remains  to  ascertain.  Briefly  to  indicate  my 
opinion,  two  suppositions  appear  to  present  themselves :  Either 
the  Lichens  we  have  spoken  of  are  the  perfectly  developed  fructi- 
fying states  of  plants,  the  imperfectly  developed  conditions  of 
which  ranked  heretofore  as  Nostochacesa  ana  Chroococcace», 
among  the  Algas— or  the  groups  last  named  are  typical  Algss, 
which  assume  the  form  of  Oollema,  Ephebe,  etc.,  in  consequence 
of  being  penetrated  by  certain  parasitical  Ascomycetes,  which 
spread  their  mycelial  cells  through,  and  thus  condition  the  grow- 
ing thallus.  (De  Bary,  as  abovej  Now  there  appears  to  be  no 
doubt  that  these  green  cells  of  Lichens  (gonidia)  are  in  exactly 
the  indicated  relation  to  the  similar  cells  of  the  Algte  named,  or 
that  the  Lichen  fruit  is  equally  in  accord  with  certain  Fungus 
fruits— whatever  explanation  of  either  fact  be  attempted.  And 
Professor  Schwendener  first  took  up  the  consideration  of  the  ques- 
tion from  this  definite  ground :  If,  said  he,  at  the  end  of  the  last 
of  his  papers  on  the  anatomy  of  the  thallus,  in  Naegeli's  Beitr&ge, 
1868,  p.  196,  the  possibility  of  such  a  process  as  is  indicated  in 
the  second  supposition  of  De  Bary,  and  in  certain  cases  even  the 
probability  of  it,  can  no  longer  be  impugned,  the  inquiry  forces 
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itself  upon  us  whether  it  he  not  possible  that  all  Lichens  arise  in 
this  way ;  whether  the  gonidia  be  not  always  to  be  reckoned  typi- 
cal Algse,  and  the  colorless  thread-cells,  in  like  manner,  Fangus- 
hyphae.  And,  after  following  the  consideration  of  this  through 
several  pages  he  concludes  with  the  remark  that,  whatever  weight 
be  conceded  to  what  he  has  advanced,  it  is  impossible  to  deny 
that  the  acceptance  by  way  of  hypothesis  of  such  parasitic  action 
is  authorized  by  what  we  know,  and  that  the  question  deserves, 
therefore,  a  thorough  investigation.  This,  Schwendener  himself 
took  up  the  next  year  (Die  Algen-typen  der  Flechten-Gonidien, 
1869),  and  has  also  published,  besides  shorter  papers  which  I  am 
not  now  able  to  refer  to  their  places  of  publication,  Er5rterungen 
der  Gonidien-frage,  1872,  since  which  he  has  not  returned  to  the 
inquiry  in  print.  It  has  been  continued,  however,  with  great 
interest  by  others,  and  if  lichenologists  have  generally  looked 
askance  at  it,  physiologists  have  done  their  best,  we  may  say,  to 
show  it  favor. 

Known  already  amon^  lichenologists  by  studies  of  the  most 
sincere  and  thorough  kmd — of  which  I  will  refer  only  to  his 
Beitrage  z.  Kenntniss  des  Baues  u.  Lebens  der  Flechten,  pp. 
126,  and  two  plates,  1876 — Dr.  Minks  has  specially  directed  his 
more  recent  efforts  to  the  resolution  of  the  problem  of  Sc'hweu- 
dener.  It  had  sometimes  seemed  as  if  the  general,  more  or  less 
harsh  and  subjective  criticism  which  makes  so  large  a  part  of 
even  scientific  controversy  had  been  all  on  one  side  in  this  debate, 
and  the  pure  struggle  for  objective  truth  almost  altogether  on  the 
other;  and  the  interest  of  unprejudiced  observers  could  hardly  fail 
to  attach  itself  to  the  last,  whether  ridiculously  aspersed  as  "  noto- 
rious" or  not.  It  was  yet  evident  in  the  Culturversuc/ieny  as  well 
of  Tulasne  as  of  the  later  experimenters,  especially  Keess  and  Stahl, 
that  elements  of  uncertainty  not  conceivably  to  be  eliminated, 
infected  these  experiments,  and  it  besau  to  be  doubtful  whether 
final  results  conld  be  looked  for  by  this  or,  indeed,  any  other  tried 
way  of  approach :  or,  whether  the  systematic  exhibition  of  Schwen- 
dener's  nvpothesis  by  Sachs  (Lehrbuch,  edit.  3,  1873,  p.  267) 
could  well  expect  any  satisfactory  proof. 

Most  interesting  was  it  therefore  to  every  student  of  the  Lichens 
that  the  keen  observer  to  whom  we  have  referred  should  buckle  to 
the  contest  in  the  most  weighty  dispute  that  ever  arose  in  this 
humble  realm  of  vegetable  nature.  The  long-promised  second  part 
of  Dr,  Minks's  Beitrage,  with  full  illustrative  plates,  has  not  yet 
however  made  its  appearance  here,  and  we  have  only  an  abstract 
of  the  treatise,  given  by  the  author  in  the  Kegensburg  Flora,  1878, 
to  refer  to.  This  is,  however,  sufficient  to  indicate  the  importance  of 
the  author's  results.  It  is  with  the  microscopic  history  of  those 
very  minute,  often  green  cells,  which  have  received  the  nnrae  of 
microgonidia,  that  this  paper  is  mainly  occupied.  The  cells  in  ques- 
tion owe  their  name,  as  also  a  recognition  of  their  importance  in  the 
question,  to  Koerber  (Zur  Abwehr  der  Schwendener-Bornetschen 
Flechtentheorie,  1874),  but  the  whole  remarkable  exhibition   of 
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their  real  character  and  history,  to  the  sufficient  microscope,  and 
the  patient  skill  of  Dr.  Minks;  who  has  thus  shown  that  the  lich- 
enolo^sts  are  quite  right,  and  that  the  gonidium  is  plainly  a 
modification  of  the  one  (ideal)  lichen-cell,  in  the  distinction  of 
which  from  the  fungus-cell  it  may  still  be  taken  for  a  criterium. 
The  first  beginning  of  the  microgonidium,  as  observed  in  the 
hyphsB,  is  a  pale-greenish,  broken  axial  column,  passing  into  irreg- 
ular strings  of  rounded  masses  of  protoplasm,  which  finally  acquire 
the  cell-wall  and  whole  structure  of  gonidia,  and  escaping  from  the 
mother-cell  are  found  free,  in  every  degree  of  intermediate  form 
between  microgonidium  and  gonidium.  No  distinction  between 
these  two  appears,  except  in  size  or  color ;  and  they  characterize 
in  their  earliest  conditions,  we  have  finally  to  say,  every  modifica- 
tion whatever  of  the  lichen-cell,  which  thus  bears  witness  every- 
where (to  the  sufficiently  armed  and  instructed  eye)  to  its  natural 
autonomy. 

Owing  in  part  to  the  peculiar  texture  of  the  lichen  he  had  in 
hand.  Dr.  Minks,  whose  observations  were  made  with  a  power  of 
about  1250  diameters,  laid  much  stress  on  the  preparation  of  his 
material  with  liquor  potasssB  and  sulphuric  acid ;  but  Dr.  Mtlller 
of  Geneva,  who  has  repeated  the  observations  of  Minks,  and  with 
more  powerful  objectives  (Flora,  1878,  n.  31)  finds  that  such 
chemical  preparation  is  by  no  means  always  necessary ;  to  which 
I  can  myself  testify.  Microgonidia  were  seen  by  Mtllier  in  every 
part  of  the  lichen  structure ;  namely,  in  the  fibrils  of  the  under 
side,  in  the  cortical  cells,  in  the  medullaiy  cells,  in  the  paraphyses, 
the  young  thekes,  the  spores,  the  basidia,  and  the  spermatia. 

After  many  unsatisfactory  attempts,  with  dry  objectives,  and 
infeiior  powers,  but  with  some  attention  to  chemical  preparation 
of  the  material,  I  have  had  at  last  the  pleasure,  with  an  immersion 
i  of  Tolles,  to  clearly  discern  the  pale-greenish,  broken  column, 
passing  into  rounded,  microgonidiura-like  masses,  contained  in, 
and  seen  at  length  to  escape  from,  the  medullary  hyphae  of  the 
Parmelia  of  Wright  Lich.  Cub.  n.  14  (there  called  by  me  P. 
tiliacea^  v.  flamcane^  and  supposed  the  same  with  the  P.  relicina^ 
at  least  of  Alontagne)  reaching  this  result  with  a  power  of  only 
some  six  hundred  diameters,  and  without  other  preparation  than 
a  thorough  maceration  of  the  tissue  in  water.  With  a  xV  ^^ 
Tolles,  a  1-inch  eye-piece,  and  power  of  about  1,000,  the  whole 
structure  and  especially  the  color  was  better  exhibited ;  as  it  was, 
I  need  not  say,  best  of  all  in  Tolles's  admirable  y^  and  ^^,  These 
observations  have  all  been  repeated  by  my  friend  Air.  Stodder, 
with  similar  results,  and  I  owe  entirely  to  him  the  manipulation 
of  the  two  objectives  of  highest  power. 

I  have  only  then  most  heartily  to  commend  to  botanists  inter- 
ested, the  forthcoming  treatise  of  Dr.  Minks,  which  may  soon  be 
expected  to  appear.  e.  tuckerman. 

3.  Etudes  jPhycologiques^  by  M.  Gustavb  Thuret  and  Dr. 
Edouard  Bornet.  Fol.  Paris,  1878. — ^This  magnificent  work 
surpasses  anything  which  has  ever  been  published  relating  to 
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algse.  It  comprises  fifty-one  folio  engravings  by  Picart  from 
drawings  of  Bornet  and  Kiocreux.  Most  of  the  plates  were  pre- 
pared under  Thuret's  direction  between  the  years  1846  and  1856, 
and  several  appeared  in  a  reduced  form  in  the  Annales  des  Sciences 
of  1851  as  illustrations  of  his  article  "Recher^ihes  sur  les  Zoos- 
pores des  Algues."  It  was  Thuret's  intention  to  publish  an  atlas 
of  fifty  plates,  but,  at  the  time  of  his  premature  death,  ten  of  the 

Slates  had  not  been  engraved.  These  were  finished  under  the 
irection  of  his  friend  and  co-worker,  Dr.  Bornet.  Never  before 
have  the  algae  been  so  exquisitely  delineated,  whether  microscopi- 
cally or  in  gross.  The  life-size  fig^ure  of  Fucua  platycarpun  is  per- 
fection itsett  The  text  is  principally  by  Dr.  Bornet,  who  has 
inserted  when  possible  the  notes  and  descriptions  of  Thuret  him- 
self. No  apology,  however,  was  necessary  on  the  part  of  the  for- 
mer; for  not  only  was  he  the  constant  companion  of  Thuret,  but 
his  style  of  writing  very  closely  resembles  that  of  his  lamented 
associate.  The  text  modestly  purports  to  be  simply  a  description 
of  the  plates.  It  is,  however,  much  more :  it  is  a  very  elaborate 
exposition  of  the  structure  and  reproduction  of  the  different  groups 
of  algse.  The  principal  part  of  the  observations  on  the  Fucacemt 
have  already  appeared  in  the  Annalea  The  part  relating  to  the 
PhcBosporece  is  very  clearly  presented,  and  is  the  most  complete 
account  of  the  order  yet  published.  The  fertilization  of  Polt/ides 
rotuTidtis  resembles  that  of  JDvdresnaya  in  the  growth  of  a  number 
of  filaments  from  the  base  of  the  trichogyne.  The  account  of  the 
reproduction  in  the  CoraUinecB  throws  a  new  light  on  the  struc- 
ture of  that  order;  and  for  the  first  time  a  detailed  account  is 
given  of  the  antheridia  and  cystocorpic  spores.  w.  g.  p. 

4.  Note  on  the  extension  of  the  coiled  arms  in  BhynchoneUa  ; 
by  Edward  S.  Morse. — Years  ago  VonBuch  recorded  that  Otto 
Frederic  Mtlller  had  observed  RhynchoneUa  psittacea  protrude  its 
arms  beyond  the  anterior  borders  of  the  shell  This  single  obser- 
vation was  not  widely  accepted,  and  many  doubted  the  possibility 
of  the  arms  being  exserted  in  this  manner.  In  the  year  1872,  while 
studying  living  RhynchoneUa  in  the  St.  Lawrence,  I  observed  a 
specimen  protrude  its  arms  to  a  distance  of  four  centimeters  beyond 
the  anterior  borders  of  the  shell,  a  distance  nearly  equaling  twice 
the  length  of  the  shell.  This  year  I  again  had  an  opportunity  of 
studying  RhynchoneUa  in  Hakodate,  Yesso,  and  again  observed 
the  same  features.  Specimens  lying  on  the  bottom  of  a  glass  dish 
protruded  their  arms  a  short  distance  and  remained  in  this  posi- 
tion for  hours.  A  figure  is  here  given  representing 
the  appearance  of  one  of  them.  The  movements  of 
the  arras  were  very  sluggish  though  the  cirri  were 
constantly  in  motion.  Sometimes  the  shells  closed 
upon  the  arms  before  they  were  retracted.  Lingula 
has  the  power  of  partialfy  protruding  its  arms,  as  I 
have  repeatedly  observed  in  North  Carolina  and 
Japanese  species.  Terebraiulina  can  also  partially 
protrude  the  cirri. 
Tokio,  Japan,  November  26,  1878. 
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6.  Fauna  Littorcdis  Norvegim ;  edited  by  J.  Korbn  and  Dr. 
D.  C.  Daniblssen.  Part  III,  with  16  plates.  Bergen,  1877. — 
This  volume,  which,  as  stated  by  the  editors,  has  been  delayed 
several  years,  contains  much  that  is  of  importance  in  connection 
with  our  own  marine  fauna,  for  many  of  the  species,  very  fully 
described  and  figured  in  it,  inhabit,  also,  the  coasts  of  New  Eng- 
land, although  in  many  instances  their  identitv  has  not  yet  been 
pointed  out.  The  text  is  printed  in  both  Danish  and  English,  in 
parallel  columns.  The  subjects  treated  are  as  follows :  New  and 
little  known  Coelenterates,  by  M.  Sars;  New  Echinoderms,  by  M. 
Sars;  Desciiptions  of  some  new  Norwegian  Coelenterates,  by 
Koren  and  Danielssen ;  Contributions  to  the  natural  history  of 
the  PennatidideB  living  on  the  Norwegian  Coast;  Descriptions  of 
new  Bryozoa;  Contributions  to  the  natural  history  of  the  Nor- 
wegian Gephyrea;  a  New  species  of  the  genus  PenneUa  (jP. 
balcenopterae).  The  last  four  articles  are  by  Koren  and  Danielssen. 
Among  the  CoBlenterata  described,  are  species  of  Corymorphay 
Myriothda^  Physophora^  Phellia,  Zoanthus  and  Alcyonium.  A 
list  of  all  the  Norwegian  Peunatulidae  is  given,  w^ith  descriptions 
of  three  new  genera  and  six  new  species  of  that  group.  Of  the 
Norwegian  Pennatulidae  at  least  three  species  inhabit  our  coast,  viz: 
Ptilella  grandi8=:Pennatida  horealia  Sars;  PennatiUa  acukata ; 
Pavonaria  {=Palticma)  Finmarchica.  The  Alcyo7iium  fnUi- 
cosum  Sars  appears  to  be  identical  with  our  common  A.  cameum 
Agassiz,  of  earlier  date.  The  Corymorpha  glacicUis  Sars  is 
apparently  the  same  as  C,  pendula  Agassiz,  of  later  date.  Two 
very  different  forms,  figured  as  Myriotfiela  phrygia^  are  supposed 
to  represent  different  stages  of  growth.  The  form  with  gono- 
phores  borne  on  simple  elongated,  lateral  blastpstyles  is  allied  to 
that  recently  described  by  me,  in  this  Journal,  as  Plastothela 
rosea^  and  may  prove  to  be  generically  identical  with  it.  The 
other  form  has  gonophores  borne  in  groups  directly  upon  the 
hydroid-body.  I  have  dredged  a  similar  form  in  Eastport  harbor. 
Whether  either  of  these  forms,  is  the  original  Lucernaria  phrygia 
of  Fabricius,*  is  perhaps  doubtful.  The  Zoanthvs  Norvegicus 
D.  and  Kor.  is  prooably  the  same  as  my  Epizoanthus  Americanus 

*  We  have,  on  our  coast,  another  fonn,  which  agrees  better  than  either  of 
those  here  referred  to,  with  the  Fabrician  description.  A  specimen  dredged  off 
Halifax,  N.  S ,  in  52  fathoms,  1877,  is  about  three  inches  (75"")  high,  as  preserved 
ill  alcohol.  The  tentaculiferous  portioa  is  long  and  slender,  densely  covered  with 
slender,  rather  elongated,  capitate  tentacles.  The  gonophores  are  globular,  large, 
(when  mature  2""  in  diameter)  and  are  borne  in  clusters  of  three  to  ten,  on  fiie 
sides  of  lateral  blastostyles,  of  different  lengths,  each  of  which  bears,  at  its  tapering 
end,  a  small  group  of  capitate  tentacles,  unequal  in  size.  These  blastostyles,  with 
their  clusters  of  gonophores.  cover  less  than  the  lower  third  of  the  body.  The 
gonophores  near  the  bases  of  the  blastostyles  are  much  smaller,  there  being 
usually  only  two  or  three  large  ones.  The  mature  gonophores  contain  embryos, 
covered  with  tentacles,  like  those  described  by  Sars.  (The  embryos  of  Blastothela 
rosea  Y.  are  of  the  same  kind,  but  smaller).  The  base  g^ves  rise  to  a  numerous 
cluster  of  short,  slender  processes,  enlarged  at  the  ends,  with  adhesive  disks  for 
attachment.  I  believe  that  this  is  the  genuine  phrygia  of  Fabricius.  and  that  the 
forms  described  by  Sars  (originally  as  Af.  arctica)  will  prove  to  be  distinct,  if  the 
figures  be  correct 
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(1864).  Of  the  Echinoderros,  Oligotrochus  vitreus  Sars  has  been 
recorded  by  me,  in  this  Journal,  as  from  deep  water,  off  oar  coast, 
and  I  have  also  dredged  it  off  Nova  Scotia  (1877). 

The  genus  KinetOBkia$  is  established  for  two  very  remarkable 
forms  of  Polyzoa,  both  of  which  have  been  dredged  by  us,  off 
the  New  England  coast.  One  of  these  (K,  Sniittii)  is  identical 
with  Bugvlaflexilis^  described  and  figured  by  me  in  this  Journal, 
(vol.  ix,  p.  416,  pi.  vii,  f.  1,  2,  1875)  aod  probably,  also,  with  the 
N'aresia  cyathtASy  figured  and  partially  described  by  Thompson  in 
the  Voyage  of  the  Challenger  (vol.  i,  p.  142).  The  specimens 
hitherto  noticed  have  all  been  attached  to  the  summit  of  a  slender 
transparent  stem,  which  is  regarded  both  by  Thompson  and  by 
Koren  and  Danielssen,  as  a  part  of  the  Polyzoan  itself.  The 
numerous  specimens  dredged  by  me  are,  also,  for  the  most  part, 
attached  to  a  stem  of  the  same  sort,  but  varying  much  in  size  and 
condition.  They  occur  chiefly  on  muddy  bottoms,  in  50  to  430 
fathoms,  in  many  localities,  associcUecl  with  Corymorpha  pendula^ 
and  their  "  stems  "  appear  to  be  identical  with  the  dead  stems  of 
Corymorpfiay  and  Ukc  the  latter,  often  have  many  anchorine 
rootlets  arisins:  from  the  swollen  base.  In  one  instance  a  small 
Sertularia  had  attached  itself  to  the  same  sort  of  a  stem,  and  the 
Polyozoan  had  afterwards  attached  itself  to,  and  invested,  both 
the  Sertularia  and  the  supposed  Corymorpha-siem  I  Therefore  I 
am  led  to  conclude  that  the  **  stem "  does  not  form  an  integral 
part  of  the  Polyzoan.  Nevertheless  its  structure  is,  in  other  re- 
spects, so  pecuhar  as  to  justify  its  separation  from  Bxigvla^  as  a 
distinct  genus.  The  second  species  {K,  arborescen8:=zBugula 
vmbeUa  Smitt)  was  dredged  by  us  in  1877,  off  Halifax,  N.  S.,  in 
110  fathoms,  sandy  mud.  The  article  on  Gephyrese  is  a  useful 
monograph  of  the  Norwegian  species,  several  of  which  are  also 
found  on  the  New  England  coast.  a.  e.  vereilu 

m  Astronomy. 

1.  Observatory  on  Mt.  Etna,  Letter  to  the  Editors  from  Pro- 
fessor S.  P.  Langley,  dated  Casa  del  Bosco,  Mt.  Etna,  January 
14,  1879. — You  may  be  interested  to  learn  that  the  proposea 
Etnean  observatory  will,  probably  be  commenced  in  the  present 
year  on  the  site  of  the  '*  Casa  Inglese,"  a  hut  used  by  summer 
visitors  to  the  volcano,  and  standing  at  the  foot  of  the  cone,  at 
an  elevation  of  over  9,600  feet.  The  walls  and  piers  will  be  con- 
structed chiefly  of  lava  and  the  building  is  intended  to  include 
the  **  Casa  Inglese,"  and  in  addition  three  other  rooms,  one  of 
which,  containmg  the  equatorial,  is  to  have  a  conical  rotary  roof 
of  iron ;  the  others  are  to  be  used  as  a  kitchen  and  bedroom.*  The 
equatorial  is  to  be  of  thirty-five  centimeters  aperture.  It  will  be 
seen  that  the  new  physical  observatory  is  to  be  well  provided 
instrumentally.  It  will  be  under  the  eminently  competent  charge 
of  Professor  Tacchini  of  Palermo ;  and  it  will  have  a  situation 
unequalled  by  any  site  at  present  so  occupied  in  the  world. 
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Science  is  indebted  for  this  prospective  benefit,  to  Professor 
Tacchini  himself,  who  has  long  urged  upon  his  Government  the 
paramount  importance  of  an  elevated  station  for  the  study  of 
solar  physics,  and  has,  it  may  be  observed,  cited  the  brilliant  re- 
sults obtained  by  our  own  Professor  Young  at  Sherman  as  his 
most  convincing  proof  of  the  advantage  of  mountain  stations. 
I  write  in  the  hope  that  the  example  thus  set  by  Italy  may  find 
imitators  with  us.  I  have  been  now  for  some  time  at  a  less  high 
but  still  an  elevated  station  here  (Casa  del  Bosco  is  a  hut  ordinarily 
unoccupied,  about  4,600  feet  above  the  sea),  engaged  in  observa- 
tions, which  it  may  be  hoped  will  be  of  some  use  m  determining 
what  may  be  expected  in  similar  sites  in  our  own  territory,  their 
aim  being  to  suostitute  some  sort  of  quantitative  data,  for  our 
present  conjectural  knowledge,  as  to  the  degree  in  which  the  con- 
ditions of  vision  are  improved  at  higher  stations,  and  to  form 
with  something  of  defimteness  a  standard  of  comparison.  The 
results  (which  will  probably  appear  in  a  report  presented  to  the 
tJ.  S.  Coast  Survey)  are  not  as  yet  complete ;  but  I  may  say,  in 

Eieral  terms,  that  while  as  regards  ODservations  of  precision 
rhaps  even  as  regards  work  on  double  stars,  and  like  measures), 
ffam  is  less  than  might  have  been  expected,  too  much  can 
hardly  be  said  of  the  immense  advantage  of  an  elevated  station 
for  almost  every  kind  of  research  connected  with  solar  physics. 
This  is  specially  the  case  as  regards  the  chromosphere ;  while,  as 
to  the  corona,  concededly,  our  only  hope  (with  our  present 
means)  of  materially  extending  our  knowledge  of  it,  lies  in  the 
prospect  that  we  may  yet  be  able  to  see  it  without  an  eclipse,  if 
the  observer  be  in  an  exceptionally  transparent  atmosphere.  I 
will  add  that,  after  a  recent  expedition  to  Colorado,  and  with  the 
conditions  of  observation  there  and  here  freshly  in  mind,  I  have 
no  hesitation  in  saying  that  our  own  country  has  sites  at  the  least 
equal  to  the  proposed  Etnean  station  in  every  astronomical 
requisite,  and  far  easier  of  access.  It  is  most  earnestly  to  be 
hoped  that  something  will  be  done  with  us  in  this  direction  soon^ 
even  if  on  a  very  moderate  scale.  If  we  wait  for  such  a  distant 
event  as  the  completion  of  the  Lick  Observatory,  we  shall  find 
the  laurels  gathered  by  European  observers  before  we  are  upon 
the  field. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  Earthquake  of  November  18,  1878. — In  regard  to  this  earth- 
quake (already  noticed,  vol.  xvii,  p.  158,  Feb.,  1879),  a  special  Bul- 
letin from  Prof.  Nipher,  Director  of  the  Missouri  Weather  Service, 
dated  January  1,  1879,  gives  the  following  particulars: 

"The  shock  was  felt  over  an  area  of  fully  150,000  square  miles. 
The  region  disturbed  forms  an  ellipse,  the  major  axis  of  which 
extends  from  Leavenworth,  Ks.,  to  luscaloosa,  Ala.,  a  distance  of 
over  600  miles.  The  minor  axis  extends  from  near  Clarksville, 
Ark.,  to  a  point  midway  between  Cairo,  IlL,  and  St.  Louis,  a  dis- 
tance of  300  miles.  The  southern  boundarv  of  this  region  has  not 
been  determined  with  as  great  accuracy  as  is  desired.    The  region 
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of  greatest  distnrbance  was  along  the  Mississippi,  from  Cairo  to 
Memphis.  Here  the  shocks  were  UDiversally  Mu  The  walls  of 
buildmgs  could  be  seeo  to  move,  and  strong  frame  buildings 
creaked,  as  when  every  joint  is  strained  by  a  heavy  wind.  At 
Ironton,  the  shock  was  also  so  severe  as  to  alarm  some  who  lived 
in  brick  houses.  Along  the  Missouri,  from  Glasgow  to  LeiLington, 
the  shock  was  also  severe,  awakening  many  families  who  thought 
a  wind  storm  was  in  progress.  It  appears  that  the  shock  was  iirst 
felt  at  Glasgow  1 1*»  23"  p.  m.  (St.  Louis  time).  The  shock  traveled 
rapidly  down  the  axis  of  the  ellipse,  reaching  Cairo  at  ll**  48™ 
and  Memphis  at  1 1^  60°».  The  velocity  of  transmission  is  a  matter 
yet  under  consideration,  and  will  receive  attention  in  a  future 
bulletin.  At  Little  Rock,  Ark.,  the  shock  was  also  felt,  although 
not  observed  at  Clarksville,  35  miles  farther  up  the  river." 

The  bulletin  is  accompanied  by  a  map  of  the  district,  on  which 
and  within  the  ellipse  referred  to  above,  there  are  marked  twenty- 
three  stations  where  the  shock  was  felt  and  eleven  Missouri  stations 
where  it  was  not  felt.  From  this  map  the  direction  appears  to 
have  been  N.W.  to  S.E.  instead  of  N.  to  S.  as  stated  in  our 
previous  notice.  c.  g.  r. 

A  second  Bulletin  in  regard  to  this  earthquake  has  been  issued 
by  Prof.  Nipher.    In  it  he  says : — 

"According  to  the  few  determinations  of  time  made,  there  were 
two  distinct  centers  of  disturbance,  the  shock  beginning  at  the 
one,  near  Glasgow,  Missouri,  at  11^  23°^  p.  h.  ;  at  the  other  near 
Paducah,  Kentucky,  at  11^  34™  p.  m.  (St  Louis  time). 

The  following  times  are  deemed  reliable  : 

Olaaffow  BeglOD.  IntenuedUite. 

St,  Louis !1>»57» 

(  11-46 
Ironton -<     to 

(11-60 
Lebanon 12-19 


GlMgow ll»»23' 

Leavenworth 1 1-34 

Lexington 11-38 

Macon 11-38 


Pftduoah  Region. 

Paducah,  Ky 11»'34" 

Charleston,  Mo... 1 1-46 

Cairo,  III 11-48 

Memphis,  Tenn... 11-49 


Little  Eock 12-13 

With  so  few  data,  it  is  only  possible  to  give  approximate  deter- 
minations of  velocity,  as  the  wave  fronts  can  not  be  determined 
with  precision.  The  average  velocity  was  probably  less  than  200 
miles  per  hour.  In  some  regions  the  velocity  was  as  low  as  160 
miles  per  hour. 

Direction  of  vibrations:  Paducah,  N.W.-S.E.  (Chandelier), 
Cairo,  W.N.W.-E.S.E.,  Charleston,  N.-S.,  Little  Rock,  E.-W., 
Glasgow,  N.-S.,  by  some,  N.W.-S.E.  by  others.  At  Ironton  the 
rumbling  sound  accompanying  the  shock,  seemed  to  go  ^om 
8.  to  iVT  A  similar  sound  was  heard  at  Gayoso,  Missouri,  and 
Memphis,  Tennessee.  The  shock  seems  to  have  been  more  violent 
in  the  New  Madrid  region  as  far  south  as  Memphis,  than  in  the 
Glasgow  region." 

The  Bulletin  is  accompanied  by  a  maj),  showing  the  regions 
affected  as  above,  and  also  the  neighboring  field  of  the  earth- 
quake of  Nov.  15,  1877.  c.  G.  K. 
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2.  Forschungen  aufdenx  G^ebiete  der  AgrikuUnrphysik.  Heraus- 
egeben  von  Dr.  E.  Wollny,  Professor  der  Landwirthschaft  in 
'tlncheD.  Band  i,  482  pp.,  and  Band  ii,  1  and  2  Hefte.  Heidel- 
berg :  C.  Winter. — ^This  excellent  journal  of  agricultural  physics, 
which  has  entered  on  its  second  year,  fills  a  very  necessary  place 
in  scientific  literature.  Some  of  the  more  important  questions  in 
agriculture  are  largely  or  purely  physical,  and  demand  special 
study  as  such.  Their  investigation  will  be  greatly  stimulated 
and  promoted  by  the  existence  of  an  organ  in  which  the  hitherto 
scattered  results  of  research  are  brought  together.  The  seven 
numbers  of  this  journal  before  us  contain  not  only  valuable 
original  papers  on  various  subjects  belonging  to  the  physics  of 
the  soil,  the  plant  and  tbe  atmosphere,  but  in  the  careful  discus- 
sions of  older  investigations,  give  instructive  reviews  of  nearly 
all  that  has  been  done  in  several  branches  of  these  subjects. 
The  contributions  of  the  editor.  Dr.  Wollny,  on  the  influence  of 
the  color,  exposure  and  texture  of  the  soil,  on  its  temperature, 
are  models  of  experimental  investigation.  The  original  articles 
are  supplemented  by  abstracts  of  papers  elsewhere  printed,  and 
by  lists  of  publications.  s.  w.  j. 

3.  ITie  American  Journal  of  Otology :  a  quarterly  Journal  of 
Physiological  Acoustics  and  Aural  Surgery;  edited  by  Clarence 
J.  Blake,  M.D.,  in  conjunction  with  Prof.  A.  M.  Mayer,  Dr.  Albert 
H.  Buck,  Dr.  Samuel  Sexton,  Dr.  C.  H.  Burnett,  Dr.  J.  Ome  Green 
and  Dr.  H.  N.  Spencer.  Vol.  i.  No.  1,  January,  1879.  New 
York  (William  Wood  &  Co.). — ^This  new  jourhal  proposes  to  fill 
a  new  and  hu^hly  important  place  among  American  scientific 
periodicals.  The  first  number  contains  among  others  an  article 
on  the  graphic  and  photographic  illustration  of  Sound-waves,  by 
Dr.  C.  J.  Blake. 

The  following  books  have  been  received  but  cannot  be  noticed 
in  this  number : 

Wanderings  in  South  America,  the  North-west  of  the  United  States  and  the 
Antilles  in  the  years  1812,  1816,  1820  and  1824,  by  Charles  Waterton;  new  edi- 
tion, edited  by  the  Rev.  J.  Qt.  Wood.    520  pp.  8vo.    London,  1879  (Macmillan  k  Co.) 

Journal  of  a  Tour  in  Morocco  and  the  Great  Atlas,  by  Josepn  Dalton  Hooker 
and  John  Ball;  with  an  Appendix  by  Gtoorge  Maw.  499  pp.  8yo.  London,  1878 
(Macmillan  k  Co.) 

The  Study  of  Rocks :  an  elementary  Text-book  of  Petrology,  by  Prank  Rutley, 
P.G.a    319  pp.  12mo.    London,  1879  (Longmans,  Green  k  Co.) 

Ordnance  Notes,  No.  xc  Measurements  of  Powder  Pressures  in  Cannon  by 
means  of  the  registered  oompression  of  oil :  experiments  by  Dr.  W.  £.  Wood- 
bridge,  at  Washington  Arsenal  in  1854-56.     Washmgton,  Nov.  20,  1878. 

Revue  de  G^logie  pour  les  Ann^s  1876  et  1877;  par  M.  Delesse  et  M.  de 
Lapperent    Vol.  xv,  229  pp.  8vo.    Paris,  1879. 

Geological  Survey  of  Pennsylvania:  Report  of  Progress  in  the  Juniata  District 
on  the  Fossil  Iron  Ore  beds  of  Middle  Pennsylvania,  by  John  H.  Dewees;  with  a 
Report  of  the  Aughwick  Valley  and  East  Broad  Top  District,  by  C.  A.  Ashbumer. 
305  pp.  8vo.    Harrisburg,  1878. 

Bulletin  of  the  Museum  of  Comparative  Zoology  at  Harvard  College,  Cambridge, 
Mass.  Vol  V,  Nos.  8,  9  and  10.  Reports  on  the  Dredging  Operations  of  the 
U.  S.  Coast  Survey  steamer  "  Blake."  Description  of  Sonn&ig-machine,  water- 
bottle  and  detacher,  by  Lieut. -Commander  C.  D.  Sigsbee,  U.  S.  N.;  pp.  169-179. 
Echini,  by  A.  Agassiz.  Corals  and  Crinoids,  by  L.  F.  de  Pourtal^.  Ophiurans, 
by  T.  Lyman;  pp.  181-238.    Hydroida,  by  S.  F.  Clark;  pp.  239-252. 
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Abt.  XXXI.— Db.  Jacob  Bigelow. 

Db.  Jacob  Bigelow  died,  at  his  residence  in  Boston,  on  the 
10th  of  January  last,  near  the  close  of  the  ninety -second  year  of 
his  age. 

While  we  would  pay  the  tribute  due  to  his  memory  as  by  far 
the  most  venerable  of  American  botanists,  the  last  survivor  of 
a  school  in  this  country  which  culminated  half  a  century  ago,  it 
should  also  be  remembered  that  he  was  even  at  that  time  dis- 
tinguished in  other  scientific  avocations,  and  that  from  middle 
to  old  age  he  was  among  the  most  eminent  of  physicians.  It 
is  not  often  that  we  can  contemplate  a  life  so  long,  so  richly 
various,  and  so  well-rounded  as  his.  He  was  born  in  Sudbury, 
Mass.,  on  the  27th  of  February,  1787 ;  and  his  father  was  the 
minister  of  the  town.  That  almost  goes  without  saying,  most 
of  our  distinguished  professional  men  of  his  and  the  preced- 
ing generations  in  New  England  having^been  the  sons  of  coun- 
try ministers.  He  was  graduated  at  Harvard  College  in  the 
year  1806,  Alexander  H.  Everett  and  the  late  Dr.  J.  G.  Cogswell 
Deing  among  the  most  notable  of  his  class-mates,  all  of  whom 
he  long  survived.  He  directly  took  up  the  study  of  medicine, 
was  licensed  as  a  practitioner  m  1809,  and  after  attending  one 
course  of  lectures  in  Philadelphia,  took  his  degree  of  M.D.  at 
Harvard  in  the  year  1810,  and  established  himself  in  Boston. 
There  he  was  a  practicing  physician  for  about  sixty  years,  and 
since  the  death  of  his  senior,  Dr.  James  Jackson,  probably  the 
most  eminent  ona  What  turned  his  attention  to  botany  we 
know  not  He  early  showed  an  abiding  taste  for  poetrv.  His 
commencement  part  was  a  poem,  and  he  delivered  a  (^.  B.  K. 
AM.  JouB.  Sci.— Third  Sbribb,  Vol.  XVII.— No.  100,  April,  1879. 
18 
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poem  not  long  after.  At  about  the  same  time,  however,  he 
gave  a  course  of  popular  botanical  lectures  in  Boston,  in  connec- 
tion with  Professor  Peck,  who  must  have  been  installed  as 
Natural  History  professor  at  Cambridge  while  Dr.  Bigelow  was 
a  medical  student  The  latter  possessed  the  gift  of  exposition 
which  Dr.  Peck  lacked  ;  and  it  naturally  came  to  pass  that  Dr. 
Bigelow  repeated  this  course  of  lectures  alone  for  a  year  or  two 
afterward. 

In  the  spring  of  1814  he  brought  out  the  first  edition  of  his 
Florula  Bostoniemis^  the  book  which,  mainly  in  its  second  edi- 
tion, has  been  the  manual  for  New  England  herborization 
down  to  a  recent  day,  or  rather  to  a  day  which  seems  to  us 
recent  The  original  volume,  of  268  octavo  pages,  describes 
the  plants  which  "  have  been  collected  during  the  two  last 
seasons  in  the  vicinity  of  Boston,  within  a  circuit  of  from  five 
to  ten  miles,"  exceeding  those  limits  only  in  the  case  of  Magno- 
lia (from  Manchester)  and  one  or  two  more  remarkable  plants. 
We  know  of  no  other  Flora  of  the  kind  which  was  prepared  so 
quickly  and  so  well.  The  characters  are  short  diagnoses,  and 
in  good  part  compiled.  But  the  descriptive  matter  must  have 
been  original ;  and  it  shows  that  aptitude  for  seizing  the  best 
points  oi  character  or  most  available  distinctions,  and  of  indi- 
cating them  in  few  and  clear  words,  which  has  made  this 
manual  so  deservedly  popular.  Similar  merits  distinguish,  on 
its  botanical  side.  Dr.  Bigelow*s  American  Medical  Botany,  a 
quarto  work  which  was  published,  in  three  parts  or  volumes, 
between  1817  and  1821,  with  colored  plates — at  that  time 
thought  to  be  very  good  ones  indeed — of  the  principal  medicinal 
plants  of  the  country.  He  also  brought  out  an  American  edi- 
tion of  Sir  James  Edward  Smith's  Introduction  to  Botany; 
and  his  botanical  knowledge,  along  with  that  of  the  materia 
medica  generallv  and  his  classical  scholarship,  placed  him  at 
the  head,  or  at  the  laboring  oar,  of  the  committee  which  in  1820 
formed  the  American  Pharmacopoeia.  The  writer  used  this 
volume  in  his  medical-student  days,  and  remembers  dimly  how 
the  account  of  minor  preparations,  coming  down  to  jams  and 
conserves,  ended  with  tne  classical  "Jam  satis  est  mihi." 

The  second  edition  of  the  Florula  Bostoniensis,  published  in 
1824,  while  retaining  its  modest  title,  was  nearly  doubled  in 
size  and  in  the  number  of  plants  contained,  the  whole  area  of 
New  England  being  included ;  and  it  became  the  Manual  of 
Botany  K>r  the  region.  What  a  popular  and  satisfactory  work 
it  was,  especially  to  hundreds  of  amateur  botanists,  some  still 
living  may  testify.  The  third  and  last  edition,  issued  in  1840, 
was  a  reprint,  with  various  additions  and  corrections,  furnished 
mainly  by  those  who  had  learned  their  botany  from  the  preced- 
ing ona     This  is  the  last  Flora  or  Manual  of  this  and  perhaps 
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any  other  country,  arranged  upon  the  Linnsdan  artificial  system. 
Much  later  in  life  the  author  contemplated  a  revision  of  the 
work,  brought  up  to  the  time,  and  illustrated  by  chromo-litho- 
graphic  plates,  such  as  we  have  lately  seen  turned  to  good 
account  But  after  some  consideration  the  project  was  aban- 
doned. He  did  not  propose  himself  to  undertake  the  editorial 
work:  for  he  had  long  since  passed  from  actual  service  into 
the  emeritus  or  honorary  rank  of  botanists ;  and  his  active  pro- 
fessional life,  already  verging  to  its  close,  was  diversified,  or 
relieved  by  other  avocationa  Indeed  some  of  these  were 
taken  up  very  early.  He  became  Eumford  Professor  of  the 
Applications  at  Cambridge  in  1816,  and  delivered  annual 
courses  of  lectures  until  1827,  when  he  published  the  sub- 
stance of  them  in  a  volume  entitled  Elements  of  Technology, 
here  coining  this  apt  word.  During  all  this  time,  and  much 
longer,  he  was  Professor  of  Materia  Medica  in  the  medical 
school  of  Harvard  University,  namely,  from  1815  to  1855 ; 
for  many  of  these  years  one  of  the  physicians  of  the  Massa- 
chusetts'^ General  Hospital ;  through  all  of  them,  and  until 
old  age  disabled  him,  a  leading  physician  of  Boston.  From 
the  year  1847  to  1868  he  was  President  of  the  American 
Academy  of  Arts  and  Sciences,  of  which  body  he  was  a  mem- 
ber for  sixty-seven  years  1 

We  cannot  here  refer  to  Dr.  Bigelow's  various  professional  and 
literary  writings.  They  are  not  numerous,  but  are  weighty. 
His  treatise  on  "  Nature  in  Disease,"  which  contains  the  famous 
discourse  *' On  Self-limited  Disease,"  is  the  most  important  of 
them ;  and  an  address  "  On  the  Limits  of  Education,"  delivered 
in  the  year  1865  before  the  Massachusetts  Institute  of  Tech- 
nology, is  notable.  It  has  been  said  of  the  latter,  that 
never  before  was  the  depreciation  of  classical  study  or  general 
culture,  as  a  preparation  for  technical  scientific  education, 
undertaken  by  so  ripe  a  classical  scholar  or  so  wide-cultured  a 
man.  His  many  essays  in  English  and  Latin  verse,  some  of 
which  have  been  privately  printed,  ought  to  be  collected.  Dr. 
Bigelow  lived,  honored  and  trusted,  to  a  good  old  age  before 
infirmities  touched  his  frame,  and  only  toward  the  close  was 
the  brightness  of  his  acute  mind  dimmed.  The  candle  at 
length  burnt  down,  the  flame  flickered  awhile  in  the  socket, 
and  the  light  went  out 

The  name  will  abide  in  botanical  nomenclature.  First  ap- 
peared in  Rees'  Cyclopedia  the  Bigelowia  of  Smith,  founded  on 
the  Adelia  of  Michaux.  But  that  is  Forestiera.  Then  Sprengel, 
in  1821,  founded  a^enus  Bigelovia  on  a  Brazilian  plant  which 
he  took  to  be  a  Bhamnacea ;  but  it  is  a  species  of  Oasearta. 
Again,  in  1824,  Sprengel  gave  the  name  to  a  part  of  Spermacoce, 
the  Borreria  of  G.  Meyer.    Then  DeCandolle,  in  1824,  was 
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la 


roposinff  a  Bigelowta  on  Solea  concolor,  of  our  own  New  Eng- 
and,  as  the  Prodromus  records,  when  he  found  that  he  had  to 
refer  it  to  Noiseiiia.  Lastly,  in  1886,  DeCandolle  bestowed 
the  name  of  Bigelowia  upon  some  golden -flowered  CompositfiB 
of  the  Southern  United  States,  which  had  borne  the  name  of 
an  Old  World  genus,  Chrysocoma  (Angliee,  Golden  tuft),  and 
he  added  the  complimentary  phrase:  "A  Chrysocoma  sepa- 
ratum dicavi  cl.  J.  Bigelow  qui  flor»  Americanae  auream 
coronam  flora  Bostoniensi  et  medica  addidit."  Although  this 
genus  was  founded  upon  only  two  or  three  species,  it  has  been 
vastly  extended  by  the  exploration  of  the  western  regions  of 
our  country,  where  it  forms  a  conspicuous  and  characteristic 
portion  of  the  low  shrubby  vegetation.  More  than  thirty 
North  American  species  of  Bigehvia,  besides  one  of  Mexico 
and  two  of  the  Andes  of  South  America,  now  commemorate 
our  venerable  late  associate.  Most  of  them  were  introduced 
to  the  genus  by  the  present  writer.  A.  G. 


Art.  XXXIL— 2%e  VertArcR  of  Recent  Birds;  by  Professor 
O.  C.  Marsh. 

One  of  the  most  marked  features  in  the  skeleton  of 
modern  birds  is  the  form  of  their  vertebrae.  This  is  so  peculiar 
and  so  constant  that  it  is  considered  by  many  anatomists  to  be 
the  best  distinctive  character  for  the  class.  In  no  other  group 
of  animals  known  is  there  an  approach  to  the  saddle-snaped 
articulation  of  the  centra  seen  in  the  vertebrae  of  birds. 

Not  only  do  the  presacral  vertebrae  of  all  existing  birds 
exhibit  this  structure,  but  the  many  extinct  forms  now  known 
from  the  whole  series  of  Teitiary  deposits  have  the  same 
articulation.  If  we  knew  only  these  fossil  forms,  in  addition 
to  the  existing  species  of  birds,  the  origin  of  this  peculiar 
vertebral  articulation  would  perhaps  remain  a  mysterv.  Most 
fortunately,  however,  a  few  Cretaceous  birds  have  been  dis- 
covered which  throw  much  light  on  this  point,  and  virtually 
explain  the  difficulty. 

in  the  toothed  birds  Ichthyomts  and  Hesperomis^  we  have 
two  widely  divergent  forms.  The  latter  was  a  huge  swimming 
bird,  without  wings,  and  with  vertebrae  corresponding  fully  to 
the  modern  ornithic  typa  Ichthyomts^  on  the  other  hand,  was 
a  small  bird,  with  great  powers  of  flight,  and  with  biconcave 
vertebrae,  as  in  Fishes  and  Amphibians,  and  in  a  few  Reptiles. 
The  marked  contrast  between  the  shape  of  the  vertebral 
articulation  in  these  two  genera  is  seen  in  the  figures  below, 
which  show  a  characteristic  cervical   vertebra  in  each  form. 
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In  the  vertebra  of  Ichthyornis  shown  in  figures  1  and  2,  it  will 
be  seen  that  the  articulation  of  the  centrum  is  cup-shaped; 
while  in  the  corresponding  vertebra  of  Hesperomis,  the  enas  of 
the  centrum  are  saddle-shaped,  as  in  ordinary  birds.  Thus 
the  distinction  between  the  two  types  in  this  part  of  the  skeleton 
is  as  wide  as  between  Ichthyornis  and  any  living  bird. 

To  the  evolutionist,  who  believes  that  birds  are  all  closely 
connected  genetically,  this  difference  in  structure,  at  first  sight, 
offers  a  most  serious  difficulty  ;  since  hitherto  we  have  had  no 
hint  of  a  transformation  from  the  one  form  to  the  other,  and  no 
explanation  of  the  origin  of  the  modern  vertebrae  of  birds. 


f 


'IS? 


V 


FieuRB  1. — ^Twelfth  (?)  cervical  vertebra  of  Ichthyomia  dispar.  Marsh ;  front  view ; 

twice  natural  size. 
Figure  2. — The  same  vertebra ;  seen  from  the  left  side. 
Figure  3. — Third  cervical  vertebra  of  IcfUhyornia  victor^  Marsh ;  front  view;  twice 

natural  size. 


Figure  4. — Thirteenth  cervical  vertebra  of  Sesperornis  regaUs^  Marsh ;  front  view ; 

natural  size. 
Figure  5. — The  same  vertebra ;  posterior  view. 

a.  anterior  articulation ;   d.  diapophjsis ;  p.   parapophjsis ;  /.  lateral 

foramen;    ne.  neoral  canal;    a.   neural   spine;   s.  pre-zjgapophysis ;   if.  post- 

Z7gapophj8i& 

In  the  third  cervical  vertebra  of  Ichthyornis^  however,  we 
catch  nature  in  the  act,  as  it  were,  of  forming  a  new  type ;  by 
modifying  one  form  of  vertebra  into  another.  Follo\ying  this 
hint,  the  connection  between  these  widely  divergent  types  of 
structure  soon  becomes  apparent ;  and  the  development  of  the 
modern  style  of  avian  vertebra  from  the  fish-like,  biconcave 
form  finds  a  ready  solution.     In  the  anterior  articulation  of 
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this  vertebra  of  Ichthyornis  (figure  3),  the  surface  looks  down* 
ward  and  forward,  being  inclined  at  an  angle  of  nearly  60** 
with  the  axis  of  the  centrum.  In  vertical  section,  it  is 
moderately  convex,  while  transversely  it  is  strongly  concave; 
thus  presenting  a  near  approach  to  the  saddle-like  articulation. 
None  of  the  other  known  vertebrsd  of  Ichtliyomis  possess  this 
character. 

This  highly  specialized  feature  occurs  at  the  first  bend 
of  the  neck^  and  greatly  facilitates  motion  in  a  vertical  plane. 
If,  now,  we  consider  for  a  moment  that  the  dominant  motion 
in  the  neck  of  a  modem  bird  is  in  a  vertical  plane,  we  see 
at  once  that  anything  that  tends  to  facilitate  this  motion 
would  be  an  advantage,  and  that  the  motion  itself  would  tend 
directly  to  produce  this  modification.  With  biconcave  verte- 
brae, tte  flexure  in  any  direction  is  dependent  on  the  elasticity 
of  the  fibrous  tissue  that  connects  them,  as  the  edges  of  the 
cups  do  not  slide  over  each  other.  An  increasing  movement 
in  the  neck  of  Ichthyornis  in  a  vertical  plane  would  tend  to 
deflect  the  upper  and  lower  margins  of  the  circular  cup,  and  to 
produce  a  vertical  constriction,  and  at  the  same  time  to  leave 
the  lateral  margins  projecting;  and  this  is  precisely  what  we 
have  in  the  third  vertebra. 

This  modification  of  the  vertebrse  would  naturally  appear  first 
where  the  neck  had  most  motion,  viz:  in  the  anterior  cervicals, 
and  gradually  would  be  extended  down  the  neck;  and,  on  to 
the  sacrum,  if  the  same  flexure  was  continued. 

Behind  the  axis,  or  where  the  vertical  motion  prevails,  we 
find  in  modem  birds  no  exception  to  the  saddle  articulation  in 
the  whole  cervical  series. 

In  the  dorsal  vertebrse,  this  cause  would  be  less  efiicient, 
since  the  ribs  and  neural  spines  tend  to  restrict  vertical  motion, 
and  hence  to  arrest  this  modification.  This  region,  then,  as 
might  be  expected,  offers  strong  confirmatory  evidence  of  the 
correctness  of  the  above  explanation;  for  here  occur,  among 
modem  birds,  the  only  true  exceptions  known  in  the  pre- 
sacral series  to  the  characteristic  saddle-shaped  articulation.  In 
Strigops  and  a  few  other  land  birds ;  in  the  renguins,  the  Terns, 
and  some  other  aquatic  birds,  one  or  more  vertebrae  in  the  dorsal 
rejjion  are  without  the  saddle-shaped  articulation,  and  are  either 
opisthocoelian,  or  imperfectly  biconcave.  In  such  instances, 
we  can  usually,  if  not  always,  detect  evidence  of  an  arrest  of 
vertical  rflexura  This  may  lock  togethe^  the  posterior  dorsals 
by  their  neural-spines,  as  in  Strigops,  leaving  the  power  of 
lateral  flexure;  or  several  vertebrae  maybe  codssified,  as  in 
Accipiter  and  some  other  Kaptores,  in  which  a  stiff  back  is  a 
positive  advantage. 
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In  the  coossified  sacral  series  of  many  birds,  one  or  more  of 
the  anterior  vertebr»  have  the  saddle-shaped  articulation. 
This,  however,  is  no  valid  objection  to  the  above  explanation, 
since  these  vertebrae  are  really  dorsals,  and  have  evidently 
gradually  coalesced  with  the  true  sacral  vertebras. 

In  the  caudal  vertebrae  of  recent  birds  we  have,  in  a 
measure,  the  original  biconcave  structure  preserved,  for  here 
the  motion  in  every  direction  was  much  restricted.  The  caudal 
vertebrae  of  these  birds,  even  in  the  most  aberrant  forms,  are 
essentially  the  same,  and  in  the  fossil  species  the  articulations 
at  least  appear  to  follow  the  general  rule.  In  Pavo  and  GeoccocyXy 
the  caudal  vertebrae  exhibit  a  tendency  to  a  procoelian  union. 
Some  other  forms  also  show  unimportant  modifications  of 
the  normal  type  of  caudal  articulation,  but  nothing  to  suggest 
a  real  objection  to  the  explanation  now  proposed  of  the  origin 
of  the  vertebrae  characteristic  of  Birds. 

In  bringing  together  the  above  facts,  and  others  suggested 
by  them,  the  classification  and  development  of  the  various 
forms  of  vertebrae  appear  to  be  somewhat  as  follows : 

(1.)  Biconcave  vertebrce  (Fishes  and  Amphibians) ;  the  primi- 
tive type;  a  weak  articulation,  admitting  free,  but  limited 
motion.  From  this  form,  have  been  directly  derived  the  other 
varieties,  namely: 

(2.)  Plane  vcrtebne  (Mammals) ;  affording  a  stronger  joint, 
with  motion  still  restricted. 

(8.)  Otip-and'ball  vertebrce  (Reptiles) ;  a  strong  and  flexible 
joint,  well  fitted  for  general  motion,  and  evidently  produced 
by   it      The   vertebrae    are   procoelian   when   lateral  motion 
is   dominant  (Serpents);    opisthocoelian    with   varied   motiori"' 
(Dinosaur  cervicals). 

(4.^  Saddle  vertebrce  (Birds) ;  the  highest  type  ;  a  very  strong 
and  free  articulation,  especiaJlv  adapted  to  motion  in  a  vertical 
plane,  and  mainly  due  originally  to  its  predominanca 

This  subject  will  be  more  fully  discussed  and  illustrated  by 
the  writer  in  a  future  communication. 

Yale  College,  New  Haven,  Oonn.,  F^b.  26tb,  1879. 
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Art.  XXXllL— Notice  of  Oasion  de  Sapor ta's  Work:  The  Plants 
of  the  World  h'fore  the  Advent  of  Man  ;  by  Leo  Lesquekeux. 

Count  Sapokta*s  new  work  entitled  "Le  Monde  des  Plantes 
avant  I'apparition  de  THomme,"  is  one  of  importance,  not  only 
for  phyto-paleontologists  and  geologists,  but  lor  all  who  are  in- 
terested in  the  history  of  our  planet,  in  its  physical  laws,  its 
gradual  march  of  development,  and  its  different  phases  until  it 
became  a  fit  habitation  for  the  human  race. 

The  first  part  of  the  book  considers  the  birth  or  origin  of 
life  and  the  successive  and  progressive  changes  which  have 
modified  its  forms.  The  phenomena  relating  to  the  existence 
of  living  creatures  are  examined  in  their  applications  to  organ- 
isms from  the  lowest  to  the  highest  in  degree  of  development. 

The  second  chapter  reviews  the  theory  of  evolution.  The 
author  calls  it  transformism.  On  this  subject  he  rightly  re- 
marks, that  the  theory  of  evolution  does  not  date  from  this 
century ;  that  its  origin  and  history  are  already  old  ;  that  the 
system  has  been  under  the  critical  examination  of  great  minds, 
who  hava  rightly  disparaged  some  of  its  extreme  tendencies. 
I  quote,  in  passing,  some  of  the  statements  of  the  distinguished 
author,  though  they  may  appear  disconnected,  in  order  to  show 
his  mode  of  reasoning  on  toe  subject. 

**  Geology  admits  great  divisions  or  distinct  epochs,  and  suc- 
cessive formations.  But  when  it  comes  to  the  determination 
of  the  precise  limits  of  each,  to  the  understanding  of  the  num- 
ber, the  value,  or  the  extent  of  the  stages  or  subdivisions,  the 
difficulties  become  inextricable ;  for  generally  between  two 
^epochs,  there  appear  strata  of  mixed  characters  which  forcibly 
excludes  all  idea  of  a  marked  separation  between  them." 

With  reference  to  the  remains  of  plants,  he  says:  *'When 
the  details  of  structure  and  of  geographical  distribution,  which 
are  recognized  in  a  plant  of  our  time,  are  in  exact  analogy  with 
what  is  known  of  one  or  more  fossil  species  of  the  same  genus, 
it  is  legitimate  to  disregard  some  variations  of  detail,  and  to 
consider  the  more  recent  of  the  two  species  as  a  direct  continua- 
tion of  the  other.  To  do  otherwise  would  be  to  put  aside  all 
resources  obtained  from  analogy  and  induction,  or  the  method 
itself.  Now  accepting  these  premises  we  may  say  that  there  is 
no  tree  or  shrub  in  Europe,  in  North  America  and  in  the  Canary 
Islands,  which  is  not  found  fossil  under  a  specific  form  more  or 
less  intimately  allied  to  one  of  our  time.  Nearly  always  a  very 
ancient  type  is  now  represented  in  its  decline,  while  the  more 
recent  appearance  of  a  plant  in  geological  time  generally  marks 
its  wider  extension  now." 

In  the  third  chapter  we  have  an  exposition  of  the  ancient 
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climates,  and  not  merely  that  exposition  which  is  indicated  by 
paleontology,  but  an  examination  of  the  causes  which  have 
produced  similarity  of  temperature  over  the  whole  globe  dur- 
ing the  first  geological  periods,  and  of  those  under  the  influ- 
ence of  which  the  zones  of  temperature  became  more  and  more 
distinct  and  narrowed.  The  discussion  turns  upon  the  value 
of  the  theories  oflFered  on  the  subject;  the  comparatively 
great  density  of  the  atmosphere  overcharged  with  vapors,  thus 
increasing  its  capacity  for  absorbing  and  preserving  heat;  the 
displacement  of  the  axis  of  the  planet ;  the  internal  heat  of 
the  globe,  etc  All  these  hypothetical  causes  are  recognized 
by  the  author  as  insufficient  to  account  for  the  phenomenon. 
He  closes  the  discussion  in  admitting  as  more  probable  the 
hypothesis  of  Blandet,  supported  by  d'Archiac,  based  upon  the 
nebular  theory  of  Laplace,  which  refers  the  early  temperature 
to  the  still  excessive  heat  of  the  sun  derived  from  the  condens- 
ing nebula.  After  speaking  of  the  sun  as  derived  from  the 
condensing  nebula,  he  says:  "This  hypothesis  may  be  far 
from  giving  a  solution  of  all  the  facts ;  but  it  agrees  well  with 
the  phenomena  of  the  primitive  world,  and  gives  us  such  a  clear 
reason  for  its  climatic  laws,  the  half  veiled  days  of  the  Coal 
period  with  its  transparent  nights,  the  tepid  temperature  of  the 
polar  regions,  the  original  extent  of  the  torrid  zones  and  their 
gradual  subsequent  contraction  to  the  present  limits,  that  one 
would  be  tempted  to  admit  it,  though  still  repeating  in  a  whis- 
per :  Could  this  be  the  only  cause  of  such  a  complex  concur- 
rence of  phenomena  ?"* 

The  sentence  here  quoted  closes  the  first  part  of  the  book; 
which  is  an  introduction,  preparing  the  way  for  the  exposition 
of  the  character  of  what  the  author  calls  the  vegetable  periods 
of  the  primitive  and  secondary  epochs. 

In  treating  the  subject,  Saporta  adopts  the  natural  plan  of 
considering  the  plants,  so  far  as  they  are  known  by  their  re- 
mains, in  their  order  of  occurrence  from  the  oldest  formation  to 
the  more  recent  The  work  follows  without  interruption  the 
march  of  the  vegetation,  from  its  origin,  so  far  as  it  has  been 
observed,  to  the  end  of  the  Pliocene,  and  therefore  offers  multi- 
plied points  of  comparison  for  asceitaining  the  progress  of  devel- 
opment of  the  vegetable  types,  the  modification  of  their  char- 
acters, the  introduction  or  first  appearance  of  new  types,  the 
destruction  or  disappearance  of  old  ones,  etc. 

For  Primordial,  Paleozoic  and  Mesozoic  times,  the  examina- 
tion is  limited  to  what  is  generally  known.f     The  Primordial 

*See  on  this  subject  an  article  of  J.  S.  (rardner,  in  Nature,  Deo.  12,  1878. 

f  Saporta  divides  the  whole  fossil  vegretable  world  in  four  great  epochs,  the 
sanoe  as  those  recognized  hj  Geology.  1.  Primordial  or  Protozoic  ( Lauren tian, 
Oambrian,  SUurian) ;  2.  Paleozoic  (Devonian,  Carboniferous,  Permian) ;  3.  Meso- 
zoic (Triassic.  Jurassic,  Cretaceous),  and  4.  Neozoic  for  the  tertiary. 
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plants  are  merely  Fucoid&  The  Silurian  are  marine  species, 
especially.  The  author  records  as  terrestrial  plants  those 
which  have  been  described  from  the  Cincinnati  group.  Their 
nature  as  representatives  of  a  land  vegetation  is  confirmed  by 
the  recent  aiscovery  of  a  splendid  fern,  Eopteris  Morierei 
Sap.,  near  the  base  of  the  Middle  Silurian  of  France  (the 
schists  of  Angiers,  zone  of  the  Calymene  Tristani).  This  fine 
fern  is  placed  as  the  frontispiece  of  the  book — its  right  place 
indeed,  for  the  fern,  a  pinna  with  large  leaflets  and  perfectly 
distinct  venation,  resembles  the  Neuropterids  of  the  Uoal.  It 
plainly  proves  that  the  land  vegetation  of  the  Middle  Silurian, 
including  already  plants  of  so  advanced  types,  must  have  been 
varied  in  its  characters.  Therefore,  according  to  the  law  of 
evolution,  it  is  evidence  that  a  still  more  ancient  land  flora  ex- 
isted, probably  contemporaneous  with  the  first  apparition  of  the 
vegetable  marine  forms. 

The  Devonian  is  mostly  illustrated  by  species  from  Canada, 
some  of  which  are  figured,  from  Dawson,  in  Dana's  Manual  of 
Geology. 

The  Carboniferous  has  its  illustrations  from  European  plants, 
common  types,  also  prevalent  in  the  American  Coal  Measurea 

The  Permian  flora  is  considered  by  Saporta  as  a  mere  con- 
tinuation of  that  of  the  Carboniferous,  the  period  being  one  of 
transition,  as  he  says ;  though  strictly,  on  the  theory  of  trans- 
formism,  all  the  periods  are  necessary  periods  of  transition.  The 
Permian  has  few  distinct  characters  in  its  vegetation,  some 
Conifers  only,  Walchia^  Ulmannia,  Gingkophyllum.  This  last 
type  is  already  represented  in  the  Permo-carboniferous  of  North 
America  by  Saportea,  a  sub-genus  recently  established  by 
Fontaine  and  White,  for  the  description  of  leaves  very  simi- 
lar to  those  of  the  present  Gingko  of  Japan. 

In  the  Mesozoic  (Mesophytic  for  the  plants),  the  Trias  has 
few  typical  forms,  and  these  are  merely  Ferns  and  Conifers, 
whose  generic  relation,  for  this  last  group  of  plants  at  least,  is 
with  the  Permian  through  Volizia  and  Albertia.  The  Jurassic, 
per  contra^  whose  flora  is  known  to  the  author  by  extended  re- 
searches, is  illustrated  in  the  work  by  numerous  wood-cuts 
representing  species  published  by  himself,  Heer,  Brongniart 
and  others,  all  from  European  specimens.  The  Jurassic  floras 
of  Spitzbergen  and  Siberia  by  Heer  have  aflForded  an  important 
contribution.  No  species  are  mentioned  from  this  country, 
where  the  Jurassic  is  not  yet  satisfactorily  known  bv  its  plants. 
In  this  flora  the  Cycadece^  Proiopliyllum^  -Zamttes  and  ProtozamiteSj 
are  predominant,  along  with  Ferns  and  Conifers  of  the  Gingko 
type,  Baiera  and  Salisburia. 

For  the  Cretaceous  the  more  important  documents  are  taken 
from  North  America  and  Greenland.     Europe  has  few  Cretace- 
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ous  deposits  containing  plants.  In  strata  of  a  lower  stage,  near 
Beausset,  France,  remains  of  a  species  of  fern  and  of  an  Aran- 
carta  have  been  found,  with  a  fragment  of  dicotyledonous  leaf 
referred  by  Saporta  to  Magnolia,  The  Boneraian  Ceno- 
manian  has  leaves  of  Aralia,  Hymencea  and  Hedera^  of  types  re- 
cognized, by  analogy  of  characters,  in  the  flora  of  the  Dakota 
group.  From  the  Senonian  of  the  Hartz  are  quoted  Abietites, 
I)ryophyllum,  Orednera,  the  last  two  also  typically  represented 
in  the  Dakota  group,  which,  considered  by  Saporta  as  referable 
to  the  Cenomanian,  has  five  of  its  species  represented  as  charac- 
teristic of  the  period  in  the  wood-cuts  of  the  work. 

In  closing  the  general  consideration  of  the  characters  of  the 
floras  of  the  three  preceding  vegetable  periods,  the  author  re- 
marks that  the  second  or  upper  half  of  the  Cretaceous  may  be 
viewed  as  marking  by  the  appearance  of  dicotyledons  the 
point  of  departure  of  the  vegetation  proper  and  peculiar  to 
our  zone,  while  the  Coal  period  is  that  of  the  whole  vege- 
table kingdom.  "From  the  Cenomanian  begins  an  evolution 
from  which  the  new  tribes  progress  by  multiplication  and  vari- 
ation in  a  constantly  increasing  proportion." 

I  shall  now  consider  in  more  detail  some  of  the  points  estab- 
lished in  the  examination  of  the  Tertiary  flora,  the  more  im- 
portant and  original  part  of  the  book.  For  I  find  here  a 
mvorable  occasion  for  comparing  the  essential  characters  of 
certain  Tertiary  groups  of  this  continent,  in  order  to  determine 
thereby  some  points  still  in  discussion  as  to  their  aga 

Count  Saporta  divides  the  Tertiary  into  five  vegetable 
periods :  Paleocene,  Eocene,  Oligocene,  Miocene  and  Pliocene. 
The  Paleocene,  which  corresponds  to  the  Suessonian  of  Orbigny, 
is  separated  from  the  more  recent  Cretaceous  strata,  the  Maes- 
tricht  chalk,  by  a  gap  whose  width  and  duration  are  difficult  to 
ascertain.  This  period  is  not  yet  well  known,  since  the  strata 
containing  the  vegetable  remains  of  plants  have  been  observed 
at  few  localities.  To  the  Paleocene  are  referred  the  clay  beds 
of  Gelinden  in  Belgium,  the  tufaceous  deposits  of  Sezanne  in 
France,  and  the  Suessonian  sandstone  {Or^s  Soissonnais).  The 
flora  of  Gelinden  is  especially  composed  of  species  of  Quercineas, 
Ifiurinece^  Viburnum^  Hedera  (one  species),  some  AraliacecBj 
MenispermecBj  CelastrinetB^  Myrtaceoe^  etc.,  with  some  ferns,  an 
Osmunda  especially.  Sezanne  has  a  rich  vegetation  of  large 
Juglandece,  TiliacecB,  with  species  of  Magnolia^  Alnus,  iiahx, 
Virburnum,  Comus,  also  some  Artocarpece,  Meh'acece^  Pieros- 
permece,  Ficus^  Symplocos  and  a  Hedei^a  (a  species  of  ivy  scarcely 
distinct  from  the  living  Irish  variety),  and  a  grape.  From  the 
upoer  Paleocene  strata  have  been  obtained  some  Myi'icacece 
ana  Araucaricey  a  Bambma^  and  Palms  with  flabellate  fronds. 

In  the  examination  of  the  remains  of  plants  obtained  from 
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the  lower  Lignitic  strata  of  the  Western  territories,  the  essential 
characters  of  a  number  of  species  have  been  recognized  as 
intimately  related  to,  even  identical  with,  those  of  some  species 
of  the  flora  of  Sezanne,  and  from  this  referred  to  the  Eocene. 
Count  Saporta  considers  this  question,  on  p.  221  of  his  book,  as 
follows:  '*The  Lignitic  flora  of  a  vast  Tertiary  formation  of 
North  America,  rich  in  combustible  mineral,  which  occupies 
an  immense  area  in  the  new  Territories  in  the  West,  Colorado, 
Utah,  Wyoming,  etc.,  is  not  yet  sufficiently  known.  From  the 
materials  collected  under  the  direction  of  the  Geological  Sur- 
veys of  the  United  States,  the  plants  appear  referable  to  three 
different  groups  of  the  Tertiary,  the  lowest  evidently  corres- 
ponding to  our  Eocene.  The  relation  of  this  group  with  the 
Paleocene  of  Europe  is  evident,  notwithstanding  the  great  geo- 
graphical distance  of  tiie  localities.  This  relation  is  manifested 
bv  the  close  affinity  of  some  of  the  species  of  ferns  with  those 
of  Gelinden  and  Sezanne,  by  the  presence  of  Palms  of  similar 
characters  in  both  countries,  with  Artocarpece  and  Morece  which 
recall  the  Protojkus  and  Artocarpoules  of  Sezanne;  species  of 
Cinnamomum  in  the  Lower  Lignitic  which  have  the  facies  of 
those  of  Gelinden.  A  Viburnum^  V,  marginatum^  of  Black  But- 
tes,  is  scarcely  distinguishable  from  the  recently  discovered  V. 
viiifolium  of  Gelinden.  It  is  the  same  with  some  other  species ; 
and  these  affinities  are  so  near  and  so  striking,  that  they  force 
the  idea  of  a  connecting  link  not  merely  between  the  floras  but 
between  the  regions,  at  the  time  when  they  had  respectively 
the  vegetation  of  which  we  now  study  the  remains." 

Considering  merely  the  affinities  mentioned  above  by  the 
celebrated  author,  it  would  seem  that  the  Lower  Lignitic  flora  of 
this  continent  should  be  separated  from  the  Eocene,  and  referred 
to  the  new  subdivision  established  by  him,  the  Paleocene. 
The  flora  of  the  Lower  Lignitic,  however,  is  distributed  through 
a  great  thickness  of  the  formations,  and  shows  points  of  differ- 
ence which  should  not  be  overlooked  in  comparing  typical 
affinities,  especially  when  the  points  of  comparison  are  taken 
from  two  far  distant  countries  on  two  different  continents;  and 
still  more  when  the  comparison  relates  to  single  groups  of 
fossil  plants,  or  vegetable  remains  obtained  from  a  limited  area, 
like  that  covered  by  the  deposits  of  tufa  at  Sezanne.  The 
lowest  strata  of  the  Lignitic  at  Point  of  Rocks  has  indeed  a 
Viburnum  intimately  related,  as  remarked  above  by  the  author, 
to  a  species  of  the  Paleocene  of  Gelinden.  But  it  has  also  an 
Oilelia  (tropical  type),  which  is  closely  allied  to  another  species 
of  this  genus,  0.  Parisiensis^  of  the  Eocene  of  Paris  (Troca- 
dero).  This  local  formation  corresponds  by  its  fruits,  NipadiieSy 
to  that  of  the  Sheppey  beds  of  the  Eocene  of  England.  Along 
with  Sequoia  lonyifolia^  which,  according  to  Saporta,  recalls  a 
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Cretaceous  type,  the  flora  of  Point  of  Eocks  has  also  Sequoia  brev- 
ifolia  Heer,  represented  there  by  the  largest  proportion  of  the 
specimens.  The  same  species  is  present  in  the  Miocene  flora  of 
Greenland  (Atanekerdluk)  and  also  in  that  of  the  Baltic*  And 
still,  in  this  small  group  of  plants  of  Point  of  Rocks,  twenty- 
seven,  reduced  to  twenty  species  in  eliminating  those  described 
from  too  poor  specimens  (as  Populus  melanaria\  or  those  with- 
out marked  geological  affinity,  we  have  Picus  asarifolia  and 
Ficus  Dalmatica,  as  positively  identified  so  far  as  identity  may  be 
ascertained  from  fossil  leaves,  with  two  species  of  dEiiingshaU' 
sena,  the  first  from  Bilin,  the  second  from  Mount  Promina,  two 
localities  now  referred  to  the  Oligocene  {Tougrian) ;  Ficus 
iiltce/olia,  a  Miocene  type,  easily  recognized,  and  found  in  the 
flora  of  the  whole  thickness  of  the  Western  Tertiary  strata, 
even  in  the  Pliocene  of  California ;  a  Diospyros  ;  a  fine  Laurus; 
a  Sabal  an3  a  Fucus,  all  of  recent  types.  A  Salvinia  also  should 
be  mentioned,  as  all  the  species  of  this  genus  have  as  yet  been 
referred  to  the  Miocene. 

Yet  it  is  not  merely  from  the  identification  of  a  few  plants 
that  a  relation  between  the  floras  of  two  epochs  should  be 
fixed  or  admitted,  but  from  the  general  characters  of  the  vege- 
tation representing  the  climate,  and  from  the  general  facies 
resulting  from  the  progress  of  the  vegetation,  in  passing  from 
types  admittedly  inferior  to  others  of  a  more  advanced  degree 
of  perfection  becoming  more  predominant  Considered  in 
this  way,  the  vegetation  of  the  Lignitic,  taken  as  a  whole, 
indicates  the  action  of  a  climate  of  an  average  temperature  far 
above  that  of  the  Cretaceous  Dakota  Group,  and  still  higher 
than  that  of  the  Paleocene,  where  the  Oaks  predominate  and 
there  are  scarcely  any  Palms.  The  prodigious  abundance  of 
remains  of  Palms  at  Golden,  at  the  Raton  especially,  is  exactly 
comparable  to  that  of  the  sandstone  of  La  Sarthe  (Upper  Eo- 
cene), which,  says  Saporta,  recall,  by  the  beauty  and  the  large 
size  of  their  fronds,  the  Sabals  of  Cuba  and  Florida.  If  we 
cannot  refer  the  whole  Lignitic  flora  to  that  upper  stage  of  the 
Eocene,  if  we  find  in  it  some  typical  affinities  with  the  Paleocene, 
this  results  from  the  great  thicKness  of  the  formation,  which,  in 
its  four  thousand  feet  of  strata,  may  represent  groups  of  floras 
related  to  two  or  more  of  the  geological  divisions  established 
from  separate  groups  of  plants,  like  those  which  in  Europe  are 
referred  to  the  Paleocene  and  the  Eocene.  This  idea  seems  con- 
firmed when  we  compare  the  diverse  elements  or  groups  of 
plants  examined  until  now  from  the  Lignitic.  For  if  the  Black 
butte  and  Point  of  Rocks  deposits  are  allied  by  the  remains  of 
Viburnum  and  Ficus  of  various  species,  those  of  Colorado  and 

*  This  Greenland  flora,  in  the  opinion  of  Saporta,  Gardner,  and  other  European 
antborS;  is  doselj  related  to  the  Eocene  flora  of  Europe. 
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New  Mexico  near  Trinidad  are  still  more  intimately  related  by 
a  preponderance  of  Palms,  of  Ferns  of  true  Eocene  character, 
as  recognized  by  Saporta  and  Gardner  in  the  identification  of 
Eocene  species  of  England  with  some  of  those  described  from 
Golden;  and  also  by  toe  presence,  at  both  localities,  of  Sequoia 
and  Abietites^  of  Cretaceous  affinity,  and  of  lar^e-leaved  Mag- 
nolias  and  the  Rhamnem  closely  allied  to  those  oi  Sezanne. 

The  Eocene  period,  as  described  in  Saporta's  work,  has,  at  its 
base,  deposits  of  the  coarse  limestooe  of  Paris  {Calcaire  grossier) 
from  which  have  been  obtained  the  large  fruits  referred  to  the 
cenus  Nipa  (Nipadites),  an  Indian  type  intermediate  between 
PandaneoR  and  the  Palms,  now  inhabiting  the  flats  along  the 
borders  of  the  Ganges.  The  same  fruits,  first  found  at  Shep- 
pey,  have  been  discovered  also  at  Paris  in  the  same  formation 
with  the  species  of  Otlelia  mentioned  above,  along  with  a  few 
leaves  of  small  Palms,  of  Nerium,  Myrica  and  Zizyphus. 

Saporta  has  made  long  and  systematic  researches  on  the  flora 
of  the  gypsum  deposits  of  Aix,  which  are  considered  as  refer- 
able, in  their  lower  part  at  least,  to  the  Eocene.  His  cele- 
brated work  (Les  Etudes),  on  the  vegetation  of  the  Tertiary 
in  the  southwest  of  France,  especially  considers  the  fossil 
remains  of  that  formation.  They  were  discovered,  in  a  very 
good  state  of  preservation,  along  the  borders  of  what  was  once 
an  Eocene  lake,  whose  duration  was  continued  through  the 
Oligocene  to  the  lower  Miocene,  or  Aquitanian.  The  ffeneral 
characters  of  this  formation  are  remarkably  similar  to  those  of 
the  Green  River  group  of  the  Western  Territories,  and  in  the 
comparison  of  the  flora  also  there  are  indeed  some  remarkable 
points  of  concordance.  It  is  worth  while  to  present  in  full  and 
'-  for  future  comparison  the  description  riven  by  Saporta  of  this 
group.  He  says:  **This  lake  or  its  deposits  were  for  a  long 
time  subjected  to  various  changes  by  natural  phenomena. 
Thermal  springs,  sometimes  sulphurous,  sometimes  impreg- 
nated with  carbonate  of  lime,  affording  emanations  of  mephitic 
gas,  then  later,  volcanic  eruptions,  followed  by  flows  of  basalt, 
attest  the  subterranean  action  which  extended  even  to  the 
water,  and  brought,  at  different  times,  trouble  and  death  to  the 
inhabitants  of  the  lake.  Whole  shoals  of  fishes  were  sur- 
prised and  buried  in  the  muddy  clay  of  the  bottom,  a  deposit 
which  has  faithfully  preserved  their  remains.  They  are  refera- 
ble to  many  genera,  one  of  which,  LebicLs^  still  inhabits  fresh 
water  in  Sardinia  and  Northern  Africa.  Even  insects  were 
killed  in  immense  numbers;  small  and  scarcely  perceptible 
flies,  mosquitoes,  butterflies,  libellules,  winged  ants,  bees,  gave 
there  to  tne  winds  their  delicate  remains,  to  be  strewn  along 
the  shores  and  buried  in  the  deposit  that  was  soon  to  be  hard- 
ened, some  of  the  specimens  still  preserving  traces  of  their  col- 
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ore.  During  all  this  time  the  flowing  water,  springs  and  rivu- 
lets, uniting  their  action  to  that  of  the  wind  and  rain,  carried  to 
the  bottom  of  the  lake  fragments  of  plants  of  various  kinds, 
especially  leaves,  branches,  flowers  and  fruits,  indeed  all  the 
parts  naturally  torn  from  the  trees  and  the  shrubs  growing  in 
the  neighborhood  along  the  shore." 

For  those  who  have  seen  specimens  of  shale  of  the  deposits 
of  Florissant  in  Colorado,  thin  laminae  covered  with  small  frag- 
ments of  plants  (their  branches,  leaves,  seeds,  flowers,  even  or- 
gans of  reproduction,  pistils  and  stamens),  along  with  remains 
of  fishes  and  insects  in  immense  number,  even  small  feathers, 
the  above  description  will  seem  as  if  dictated  by  an  examina- 
tion of  the  deposits  of  that  locality.  It  applies  equally  well  to 
those  of  the  Green  Kiver  station,  Elko,  the  mouth  of  White 
River,  etc.  It  is  right  to  remark,  however,  before  looking  to 
the  relation  in  the  characters  of  the  plants,  that  the  natural 

Ehenomena  which  have  caused  the  deposits  of  those  remains, 
ave  nothing  abnormal,  are  not  due  to  some  cataclysm,  but 
are  the  result  of  natural  atmospheric  circumstances.  The 
shales  in  all  the  localities  named  above  are  in  repeated  lay- 
era  of  two  to  five  millimetera  in  thickness,  mostly  composed 
of  fine  sandy  materials,  the  thickest  layera  of  the  same  na- 
ture, but  somewhat  coaree,  all  covered  upon  the  upper  surface 
with  the  various  remains  mixed  together.  The  thin  layera,  in 
repeated  superposition,  represent  therefore  annual  deposits  of 
materials,  mud  deposits,  laid  down  in  the  spring  or  in  the  rainy 
season,  hardened  in  summer,  and  covered  during  the  process  of 
consolidation  by  insects,  by  small  floating  fragments  of  plants, 
etc.,  mixed  with  the  mud  and  thrown  up  by  their  buoyancy  to 
the  surface.  The  composition  indicates  a  process  of  consolida- 
tion under  the  influence  of  heat  or  summer.  Besides  the  pro- 
digious quantity  of  insects,  the  plants,  mostly  Conifere,  are 
branchlets  often  deprived  of  their  leaves,  like  those  which, 
falling  to  the  ground  during  the  winter  time,  are  carried  away 
by  water  in  the  spring.  A  large  proportion  of  the  cones  are 
of  Alnus^  and  it  is  well  known  that  these  cones  are  persistent 
upon  the  shrubs  until  the  end  of  the  spring.  The  leaves  of 
some  species  are  extremely  numerous,  none  of  them  crumpled, 
folded  or  rolled,  as  if  driven  by  currents,  but  flat,  as  if  they  had 
been  imbedded  in  the  muddy  surface  of  the  bottom  when  falling 
from  the  trees  or  shrubs  along  the  border  of  a  lake.  In  the 
fish  beds  of  Green  River,  as  they  are  called,  the  same  phe- 
nomenon is  observed.  One  of  the  richest  deposits,  eight  to  ten 
feet  thick,  is  formed  of  alternate  sandy  layera  three  to  five  mil- 
limetera thick,  and  it  is  between  the  layera  that  the  fishes  are 
found  petrified  sometimes  in  prodigious  numbers.  This  evi- 
dently shows  that  under   the  influence  of  summer  heat,  by 
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evaporation  and  gradual  drainage,  the  area  of  the  lakes  or 
swamps  being  gradually  diminished  by  shrinkage,  the  fishes 
were  driven  into  deeper  places,  where  finally  enclosed  they 
perished  in  masses.  Their  remains  were  later  covered  by 
the  muddy  water  of  the  next  overflow  in  the  rainy  season.  In 
that  immense  formation  of  the  Green  River  group,  no  trace  of 
effects  of  volcanic  agency  is  seen.  It  has  been  through  its 
whole  thickness  a  senes  of  quiet,  lacustrine  deposits  of  calcare- 
ous clays,  during  an  incalculable  period  of  time.  At  Green 
River  station,  for  example,  from  the  bottom  of  the  river  to  the 
top  of  the  highest  red  buttes,  about  six  hundred  feet  in  thickness, 
the  whole  series  is  a  succession  of  those  laminated  shales,  vary- 
ing only  in  their  constituent  beds,  there  being  white  calcareous 
clay,  greenish,  sandy,  red  ferruginous  clay,  in  an  uninterrupted 
succession  of  thin  layers. 

Considering  the  data  furnished  by  the  plants  in  reference  to 
the  synchronism  of  the  Green  River  formation,  it  is  only  re- 
cently, or  since  the  publication  of  the  Tertiary  flora,  that  we 
have  obtained  documents  numerous  and  valuable  enough  for  a 
future  comparison.  The  collections  made  in  the  Green  River 
group  in  1847  and  1848,  by  the  corps  of  the  United  States  Geo- 
logical Survey,  and  recently  by  the  explorations  under  the  direc- 
tion of  Princeton  College,  amount  for  specimens  bearing  remains 
of  plants  to  at  least  ten  thousand,  mostly  from  Florissant. 
These  plants  have  not  yet  been  determined ;  part  of  them,  those 
of  the  United  States  Survey  onlv,  have  been  superficially 
examined  and  separated  in  groups  for  definitive  study.  Of  the 
whole  number  of  plant  remains,  nearly  one-half  are  leaves  of 
Plancra,  apparently  referable  to  three  different  species :  P.  Un- 
geri^  P,  hngifolia^  both  equally  predominant,  and  a  less  com- 
mon one,  with  veins  at  a  very  acute  angle  of  divergence  and  a 
facies  different  from  that  of  the  others.  P,  Ungeri  is  extremely 
abundant  in  the  Miocene  of  Europe,  especially  in  the  upper 
strata.  It  is  present  in  the  Tertiary  flora  of  Oreenlond^  being 
found  there  in  connection  with  or  upon  the  same  specimens 
with  a  Pterospei'mttes,  a  Hedera^  and  Seqtmia  LangadorjffL  It  is 
not  quoted  irom  Alaska  and  Spitzbergen.  In  the  Gypseous 
beds  of  Aix  one  leaf  only  is  mentioned  of  this  species,  from  the 
fish  beds  of  Bonnieux.  The  author  says  that  it  is  very  rare  in 
this  formation,  but  that  it  becomes  more  predominant  in  the 
flora  of  Manosque  (Miocene).  Fragments  of  Conifers,  mostly 
Miocene  types,  Taxodium,  Olyptosirobus^  Sequoia^  etc.,  abound  at 
Florissant,  with  leaves  of  Myrica^  referable  to  a  dozen  species  at 
least,  two  of  which  are  closely  related  to  M,  Zacchariensis  and 
M.  arguta  of  the  Gypseous  beds  of  Aix.  At  the  same  locality 
have  been  obtained  numerous  specimens  of  a  Popuhsy  which, 
though  represented  by  leaves  of  various  sizes  and  shapes,  are 
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identifiable  with  P.  Heerii  Sap.,  of  the  beds  of  Aix,  where  it  is 
very  rare.  The  predominance  of  Salvinia^  related  to  European 
Miocene  types,  is  also  marked  in  the  Green  Eiver  group,  while 
one  species  only  is  described  from  the  beds  of  Aix,  there  also 
very  rare.  We  have  also  from  Florissant  a  large  specimen  of 
a  Sabal,  which,  like  Sabalites  major  of  the  beds  of  Aix,  seems 
related  to  the  Miocene  Sabal  major  of  Europe. 

If,  therefore,  we  consider  the  relation  of  the  flora  of  the 
Green  River  group  to  that  of  the  Gypseous  beds  of  Aix,  merely 
from  the  number  of  identical  species,  it  seems  to  be  distant 
indeed,  and  more  evidently  marked  with  the  Miocene.  But 
then,  there  is  against  this  conclusion  the  remarkable  affinity  in 
the  dispersion  and  fragmentary  state  of  the  vegetable  remains, 
and  a  similar  facies  of  the  flora  apparent  in  the  predominance  of 
species  of  Myrtca  and  other  Southern  types,  like  the  leaves 
described  as  OaUicoma  microTphylla^  which,  as  remarked  in  the 
Tertiary  Flora,  cannot  be  referred  to  this  Australian  genus,  but 
perhaps  belong  to  some  peculiar  form  of  Myrica.  We  have 
also  amon^  the  v^etable  fragments  of  Florissant,  Diomyros^ 
Oatalpaj  Fraxinus^  Ailanthus,  Paleocarya  Engelhardtia^  tflmusj 
Acer^  mostly  fruits  and  flowers,  as  mentioned  by  Saporta  from 
the  flora  of  Aix,  leaves  of  peculiar  forms  of  QuercitSy  referable 
to  Q.  salicina  and  Q,  antecedens  Sap.,  and  flowers  with  long 
stamens,  which,  lacerated  though  they  are,  have  some  likeness  to 
those  of  BombaXj  all  from  the  same  flora  of  Aix. 

But  it  is  useless  now  to  look  to  points  of  relation.  Not  only 
are  the  specimens  from  Florissant  not  yet  positively  determined, 
but  the  locality  has,  in  the  whole  thickness  of  its  shale,  merely 
v^etable  remains  of  plants  growing  around  a  shallow  inlet  of 
small  area,  that  of  a  lake  apparently,  surrounded  for  a  long 
period  of  time  by  the  same  kind  of  shrubs  and  trees,  whose 
debris,  annually  strewn  and  preserved  upon  the  muddy  layer  of 
the  bottom,  does  not  give  a  true  representation  of  the  general 
vegetation  of  the  land.  The  American  Planera  aqwatica  in- 
habits only  some  river  swamps  of  Florida  and  North  Carolina. 
Its  remains,  if  found  in  a  fossil  state,  though  thev  might  be 
abundant  in  a  peculiar  locality,  could  not  give  us  the  slightest 
idea  as  to  the  facies  of  the  land- flora  of  these  regions.  The  great 
difference  and  variety  in  the  characters  of  the  plants  found  at 
other  localities  of  the  Green  River  group,  in  the  deposits  of 
Alkali  station,  of  Elko,  the  mouth  of  White  Eiver  and  the  cut- 
off of  Green  River,  show  how  little  we  know  as  yet  of  the  plants 
of  the  mighty  group,  which,  like  the  Gypseous  formation  of 
Aix,  may  represent  difierent  geological  periods  at  its  lower  and 
its  upper  parts. 

Passing   from  the  lower  beds  of    Aix    to  the  Oligocene 
{Tongricm,  for  its  upper  part),  Saporta  sees  in  its  flora  the  expo- 
Ax.  JoiTB.  8oi.— Third  Ssans,  Vol.  XVII,  No.  100.— Afbil,  1879. 
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sition  of  a  more  equable  and  more  generally  humid  climate. 
The  essential  types  of  vegetation  recognized  in  Europe  during 
this  period  are,  lor  the  Conifers,  Liboc^rus  salicomtoides  ;  Cha- 
mcecyparis  in  two  species ;  some  Sequoice^  among  them  S.  Tour- 
main  and  S,  Ooutsice;  Taxodium  distichum  miocentcum,  and 
GlyptostrobiLs  Europctus.  With  these  Conifers  the  author  men- 
tions and  figures  species  of  Oorriptoniay  some  of  them  of  typical 
affinity  to  the  North  American  C.  aaplenifolia,  others  to  Austro- 
Asiatic  forms;  oaks  with  coriaceous  lobate  leaves,  a  Palm, 
Sabal  major;  Aralia  EerciUes,  species  of  Myrica^  Celastrus^ 
Andromeda^  Dioapyros^  Myrixis^  Mimosa^  and,  as  related  to 
present  European  types,  Belula,  Carpinus,  Ostrya^  Ulmus^  Acer, 
already  mentioned  in  the  examination  of  the  Gypseous  forma- 
tion oi  Aix.  From  this  it  is  seen  that,  as  the  author  remarks, 
this  period  is  the  transmission  of  an  older  to  a  new  vegetable 
period.  As  to  localities  whose  plants  are  referable  to  the  Oligo- 
cene,  the  author  quotes,  for  France,  the  deposits  in  Auvergne  ; 
those  of  Ronzon,  of  St.  Zacharie  and  St  Jean  de  Garguier ;  the 
Gypseous  beds  of  Gargas  in  Provence,  of  Alais,  Armissan  and 
Speeback ;  then  Haering  in  Tyrol,  Sotska  in  Styria,  Sagor  in 
Carinthia,  and  Mont  Promina  in  Dalmatia.  The  floras  of  some 
of  these  localities  were  formerly  referred  either  to  the  Miocene 
or  to  the  Upper  Eocene.  The  Flysch  and  Nummulite  beds  are 
Oligocene.  From  all  these  deposits  eight  to  nine  hundred 
species  have  been  obtained. 

The  Miocene  period  is  subdivided  into  two  sections  or  subpe- 
riods.  The  lowest,  the  Aquitanian,  b^ns  with  the  regression 
of  the  Tongrian  Sea,  and  terminates  at  the  invasion  of  the 
Molassic,  a  period  which  ends  with  the  more  recent  strata  Mio- 
pliocene. 

The  Aquitanian  has  beds  of  lignite  sometimes  very  thick. 
The  more  important  localities  where  plants  of  this  formation 
have  been  discovered  are  Manosque  in  Provence ;  Cadibona, 
Piedmont;  Thorens,  Savoy;  Paudeze  and  Monod  in  Switzer- 
land ;  Bovey  Tracy  in  England ;  Coumi  in  Eubsaa ;  Rhadoboy  in 
Croatia,  etc.  The  flora  of  both  periods  of  the  Miocene  is  well 
known,  and  has  been  so  admirably  well  studied  and  described, 
especially  by  Heer,  that  every  phytopaleontologist  has  become 
acquainted  with  its  essential  types.  A  large  number  of  them 
are  figured  in  Saporta*s  book. 

The  Oligocene  types  of  Conifers,  as  also  those  of  the  dicoty- 
ledons, still  remaining  in  the  present  flora,  pass  of  course 
through  the  Miocene.  But  the  climate  of  this  pJeriod  has  a  far 
less  degree  of  uniformity,  or  the  zones  a  less  degree  of  expan- 
sion, and  therefore  the  floras  become  more  diversified,  accord- 
ing to  the  latitude  of  the  localities  in  which  they  are  observed. 
Thus  the  flora  of  Coumi  is  marked  by  a  large  profusion  of  meri- 
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dional  forms,  though  those  of  the  temperate  zone  are  not  all 
excluded.  In  this  flora  appears  the  last  European  Cycad. 
Species  of  iSabal  are  present  m  all  the  groups  of  plants  of  the 
Aquitanian.  The  vegetation  of  the  molasse  is  still  more  widely 
elucidated  in  the  great  tertiary  flora  of  Heer.  A  number  of 
species  of  Populus,  Planera  Ungeri^  Platanus  aceroidesj  Liquid' 
ambar  Europeum^  Podogonium  species,  Ficus  tilioefolia^  Myrica 
(EningenaiSj  Oomptonia  acutiloba^  oaks  belonging  to  the  live  oaks 
with  semi-persistent  leaves,  and  related  to  types  of  Mexico  and 
Louisiana;  species  of  TYfoo,  Uirnvs^  CeUis,  Magnolia^  Lirioden- 
dron,  Viti9j  are  the  predominant  plants  of  the  Upper  Miocene 
period.  They  are  most  of  them,  if  not  all,  recognized  in  the 
present  vegetation  of  North  America,  to  which  that  of  the  Mio- 
cene of  Europe  has  been  often  compared. 

The  more  important  localities  where  remains  of  Upper  Mio- 
cene plants  have  been  discovered  in  Europe  are  Salzhausen, 
Eockenberg,  etc.,  Weteravia;  Gunzburg  in  Bavaria;  Bilin  in 
Bohemia;  Manat  and  Mount  Charray  m  France;  (Eningen  in 
Switzerland ;  Parschlug  and  Gleichenberg  in  Styria ;  Tokay  in 
Hungary ;  Vienna  in  Austria. 

In  the  comparison  of  the  American  groups  of  Tertiary  fos- 
sil plants,  none  has  been  found  to  agree  with  those  of  this 
penod,  by  analogy  of  character,  but  that  of  Carbon  or  of  the 
Washakie  group,  where  essentially  Platanus  aceroides  or  P. 
OuUlielmce,  and  Acer  trilobatum,  abound,  together  with  species 
described  by  Heer  from  the  molasse  of  Switzerland.  That  pecu- 
liar Ficus  tilicejblia,  considered  as  Miocene  in  Europe,  easily 
recognized  by  its  inequilateral  leaves  and  the  coarse  and  deep 
venation,  abundant  as  it  is  in  diiferent  localities  of  the  Lower 
Lignitic,  has  also  left  its  remains  at  Washakie.  It  is  univer- 
sally distributed  in  the  ancient  floras  of  this  continent 

Saporta's  book  opens  the  examination  of  the  Pliocene  flora, 
by  an  interesting  introduction.  **The  Miocene  marks  for 
Europe  an  era  of  vegetable  splendor,  an  epoch  of  quiet  temper- 
ature without  extremes,  of  beneficial  humidity,  favoring  the 
highest  development  of  the  vegetation  upon  a  continent  not  yet 
feeling  the  change  to  which  it  was  about  to  be  subjected.  The 
Pliocene  period  is  the  declining  age  of  the  European  flora,  the 
time  when  the  climatic  conditions  are  definitively  altered, 
when  the  vegetation  becomes  gradually  poor  and  ceases  to  gain 
anything.  The  projgress  of  the  phenomenon  is  slow,  but  it 
moves  along  an  inclined  plane  on  which  it  never  stops.  Those 
ornamental  plants,  those  precious  trees,  those  noble  and  ele- 
gant shrubs  which  are  now  carefully  trained  by  artificial  cul- 
ture in  European  conservatories,  were  until  then  inhabitants, 
of  Europe,  but  left  it  forever.  One  by  one  the  ostracised  plants 
take  their  departure,  lingering  here  and  there  on  the  road  to 
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exile.  It  is  this  exodus  that  we  should  have  to  describe  if  we 
could  follow,  step  by  step  the  march  of  retrogression,  and  indi- 
cate species  by  specif  the  progress  and  the  result  of  this 
abandonment  of  our  soil." 

The  decline  in  the  richness  of  the  vegetation  of  the  Miocene 
period  is  described  in  detail  by  the  author,  and  its  causes  are 
clearly  exposed.  He  considers  it  (as  remarked  already)  to  be 
essentially  the  result  of  a  gradual  lowering  of  the  temperature, 
which  from  its  origin  at  the  end  of  the  Eocene,  had  been  in 
constant  progress  until  now,  with  casual  modifications.  It  was 
due  to  the  influence  of  a  phenomenon  which  has  acted  upon 
the  whole  globa 

The  v^etation  of  the  Mio-pliocene  has  been  rarely  observed 
in  Europe.  From  Sengaglia,  Italy,  Massalongo  has  described 
species  of  the  genera  Ghreuia,  Acer^  Fagus,  most  of  them  of  pres- 
ent American  types.  The  Conifers  are  still  those  of  the  Molasse, 
to  which  Salisburia  adtantoides  is  added.  iSassafras,  Lirioden- 
dron,  Tilioj  Oercis  are  represented  there  also.  Saporta  has 
lately  published  the  flora  of  the  Pliocene  tufa  of  Maximieux, 
with  Oreodaphne  Heertij  Laurus  Ganartensisj  Persea  Carolin- 
iensisy  Acer  opuU/olium,  Nerium  oleander^  adding  to  the  specific 
names  the  appellation  pliocenica^  all  being  mere  varieties  of 
species  living  now  in  the  islands  or  African  shores  a  few 
degrees  south  of  France,  or  in  the  Gulf  region  of  North  Amer- 
ica. There  is  also  a  Buxus  pUocenicuSy  a  Torreya,  Viburnum 
rugosuniy  an  Ilex,  a  Juglans,  and  among  the  ferns,  Woodtvardia 
radicans  and  Adtantum  reniforme.  As  remarked  by  Saporta, 
the  Poplar  {Populus  alba  phocentca\  the  Button  Wood,  Plata- 
nusj  the  Magnolia  and  the  Tulip  tree  in  the  Mio-pliocene  of 
Europe  were  about  the  same  as  the  species  now  inhabiting 
North  America;  are  specifically  recognizable,  though  markea 
with  slight  differences.  The  relation  of  these  species  and  others 
named  by  the  author  to  some  of  the  present  time  is  examined 
by  an  exposition  of  the  gradations  which  have  given  them  their 
present  characters. 

The  last  chapter,  entitled  '^a  general  insight  into  the  ensem- 
ble of  the  period,"  cannot  be  summed  up  m  a  few  sentences. 
It  relates  especially  to  the  phenomena  which  have  contributed, 
as  causative  agents  or  as  elements,  to  the  gradual  modification 
of  the  vegetation  from  the  end  of  the  Mesozoic  to  the  present 
times.  A  mass  of  facts  are  grouped,  compared  and  discussed, 
in  support  of  the  conclusions,  as  evidence  of  the  gradual  devel- 
opment (evolution)  under  various  local  or  general  influences. 
As  an  exemplification  of  the  march  of  transformism  the 
author  figures  the  leaves  of  three  vegetable  types,  Laurus, 
Eedera,  Nertum,  as  they  appear  in  successive  periods  from  the 
Eocene  to  the  end  of  the  Pliocene. 
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The  remarks  on  this  subject  are  rendered  more  interesting 
and  conclusive  by  their  correlative  application  to  the  animal 
kingdom.  There  is  between  the  modifications  of  animal  and 
vegetable  types  a  remarkable  coincidence  which,  however,  is  a 
matter  of  course,  as  animal  life  depends  on  the  plants.  It  is 
well  known,  for  example,  that  the  QrirafFe  in  its  African  wilder- 
ness especially  feeds  upon  Acacia  or  Gum  trees.  This  kind  of 
plants  appears  first  at  the  base  of  the  Gypseous  beds  of  Aix, 
at  the  end  of  the  Eocene,  and  there  also  have  been  found  the 
bones  of  Xiphodon,  prototype  of  the  Giraffe,  which  in  its  pres- 
ent form  appears  later  in  the  Miocene  in  its  migrating  pro- 
gress from  France  to  Africa.  It  is  at  this  epoch  of  the  Upper 
Eocene  that  mammals  make  their  first  appearance  in  Europe, 
an  advent  prepared  and  predicted  by  the  luxuriance  of  the 
vegetation  of  the  Lower  Eocena 

It  should  not  be  supposed  from  these  cursory  remarks,  that 
Saportas  book,  **Le  Monde  des  Plantes,"  is  a  dry  exposition  of 
facts,  or,  descriptive  enumeration  of  fossil  remains,  prepared 
only  for  the  instruction  of  the  paleontologist  Far  from  this ; 
it  is  an  exposition  of  the  vegetation  of  our  earth,  in  its  gradual 
modifications  from  the  oldest  antiquity  to  our  time,  in  a  series 
of  tableaux  as  clearly  defined  by  words  as  they  could  be  by 
the  pencil  of  a  painter.  To  these  tableaux  a  multiplicity  of 
facts, — some  of  them  new  and  all  instructive — give  life  and 
animation ;  while  they  are  colored  by  the  richness  and 
brilliancy  of  an  admirable  style.  The  book  is  thus  read  with- 
out fatigue  and  with  increasing  interest,  from  the  first  page  to 
the  last 

Colombiis,  0.|  January  23, 1879. 


Abt.  XXXIY, — Double  Stars  discovered  by  Mr.  Alvan  G.  Clark; 

by  S.  W.  BUBNHAM. 

Thb  double  stars  discovered  by  Mr.  Alvan  G.  Clark,  of 
the  well-known  firm  of  Alvan  Clart  &  Sons,  telescope  makers, 
Cambridgeport,  Mass.,  are  for  the  most  part  prominent  and 
interesting  objects,  and,  with  the  exception  of  Sirius,  have  not 
been  published,  or  brought  to  the  attention  of  astronomers 
generally.  They  are  nearly  all  difficult  pairs,  and  such  as 
reouire  for  measurement  a  first-class,  if  not  a  large,  instrument 
AlJ  the  recorded  measures  of  each  star  in  the  following  list  are 
given,  except  of  the  first  Most  of  the  micrometrical  observa- 
tions are  by  the  Washington  observers,  and  by  Baron  Dem- 
bowski  and  mysell  All  of  the  latter  measures  have  been 
made  at  the  Dearborn  Observatory,  Chicago. 
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The  names  and  places  of  the  stars  are  as  follows : 


No. 

BUT. 

B.  A.  1880. 

Decl. 

1880. 

Msgoltadet 

1 

Sirius. 

6»^39» 

'53- 

-16" 

33' 

1    ..10 

2 

W  Vn,  1131. 

7    40 

20 

+  28 

69 

8   .-U 

3 

p  Hydrae. 

8    42 

6 

+   6 

17 

6  ..13 

4 

L  23271. 

12    20 

37 

+   0 

29 

7i..l0 

6 

46  VirginiB. 

12    64 

26 

-   2 

43 

6-6.. 8-9 

6 

Arg.  (30)2634. 

14    28 

46 

+  30 

21 

9i..l0 

7 

e  OoronsB. 

16    62 

37 

+  27 

14 

4  .-13 

8 

102  Hercolis. 

18      3 

38 

+  20 

48 

6  ..12-13 

9 

y  LywB. 

18    64 

27 

+  32 

31 

3  ..12 

10 

P  XIX,  267. 

19    39 

16 

+  10 

29 

7i..  7i 

11 

CSagittiB. 

19    43 

39 

+  18 

61 

6  ..  6 

12 

a*  Caprioomi. 

20    11 

24 

-12 

96 

3  .. 

13 

rCygni. 

21    10 

0 

+  37 

32 

6i..  8 

14 

78Pega8L 

23    37 

67 

+  28 

42 

6  ..  8 

No.  1.     Sirius. 

The  history  of  this  interesting  system  is  too  well  known  to 
require  more  than  a  brief  mention.  From  periodical  irregu- 
larities in  the  observed  proper  motion  of  Sirius,  Bessel,  more 
than  thirty  years  ago,  suspected  the  existence  of  a  satellite 
revolving  with  the  lar^e  star  around  their  common  center  of 
gravity.  The  theoretical  orbit  of  the  disturbing  body  was 
calculated  by  Peters,  and  a  period  of  fifty  years  found  to 
satisfy  the  meridian  observations.  The  suspected  conipanion 
was  looked  for  by  many  observers  without  success.  In  Jan- 
uary, 1862,  Mr.  Clark  placed  the  IS^-inch  object  glass,  now  at 
the  Dearborn  Observatory,  Chicago,  then  the  largest  object 
glass  in  the  world,  in  a  temporary  stand,  and  turned  it  upon 
Siriua  A  small  star  was  at  once  detected  almost  exactly  in 
the  place  assigned  by  theory.  Once  discovered,  it  was  readily 
seen  and  measured  with  the  same  instruments  with  which  it  had 
been  vainly  looked  for  befora  I  have  seen  it  repeatedly  with 
my  6-inch  Clark  refractor ;  but  a  steady  air  is  neoeesary  with 
any  moderate  aperture,  because  of  the  great  brilliancy  of  Sirius, 
which  overpowers  the  light  of  the  smtul  star,  and  because  of  its 
low  altitude  in  northern  latitudes.  Probablv  in  the  southern 
hemisphere  a  ^ood  6-inch  object  glass  woula  show  it  satisfac- 
torily. Why  it  should  have  remained  so  long  undiscovered, 
after  attention  had  been  called  to  it,  cannot  be  easily  explained. 
For  this  discovery,  Mr.  Clark  was  awarded  the  I^ilande  gold 
medal. 

The  companion  has  been  measured  every  year  since  1862, 
and  during  the  latter  portion  of  the  time  the  observations  are 
very  numerous.  The  last  orbit  of  the  theoretical  satellite, 
computed  by  Auwers,  based  upon  all  the  available  observations 
of  proper  motion,  gives  a  period  of  49*40  years.  From  these 
elements  an  ephemeris  has  been  calculated  for  every  second  or 
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third  year,  which  is  given  in  the  following  table,  together  with 
some  of  the  actual  measures  made  near  the  corresponding 
times.  It  will  be  seen  that  the  angular  motion  of  the  real 
star  is  more  rapid  than  that  of  the  theoretical  star,  and  with  a 
less  change  in  distance,  indicating  a  longer  period  than  fifty 
years. 


Caleiilftted. 

ObMTTOd. 

18620 

86'*-4 

lO'-lO 

1862-2 

84^-6 

10'-7 

Bond. 

62-2 

86-0 

10-09 

Rutberfurd. 

63-2 

82-6 

10-16 

0.  Stnive. 

18660 

79^ 

10-78 

1866-2 

77-2 

10-60 

0.  Stnive. 

66-2 

76-8 

10-77 

Fdrater. 

66-2 

760 

1007 

SeochL 

18680 

760 

1116 

1868-2 

70-2 

11-26 

Vogel. 

68-2 

69-6 

11-36 

Bruhns. 

68-3 

71-6 

10-96 

ESngelmaniL 

69-2 

68-6 

11-26 

Dundr. 

18710 

70-3 

11-20 

1871-2 

640 

U-21 

Dundr. 

72-2 

69-8 

1114 

Dun^. 

72-2 

67-7 

11-66 

Newoomb. 

1874-0 

66-6 

10-96 

1873-2 

66-8 

1112 

Hall. 

73-2 

60-9 

10-66 

Dun^. 

73-9 

69-4 

12-27 

Hall 

74-2 

690 

11-46 

Newoomb. 

74-2 

68-7 

10-99 

Holdon. 

74-2 

67-9 

11-10 

Hall. 

76-2 

67-1 

10-81 

Dundr. 

76-2 

66-6 

11-41 

Newoomb. 

76-2 

66-3 

11-08 

Hall. 

1876-0 

621 

10-69 

1876-1 

64-9 

11-82 

Holden. 

76-2 

66-2 

11-19 

Hall. 

77-1 

631 

11-20 

Stone. 

77-2 

62-8 

11-36 

Holden. 

77-3 

63-4 

10-96 

HaU. 

1878-0 

68-4 

1006 

780 

62-4 

10-83 

Bumham. 

78-1 

60-6 

11-07 

Holden. 

78-2 

61-7 

10-76 

HaU. 

79-1 

60-7 

10-44 

Burnham. 

18800 

64-2 

9-33 

The  last  observed  position  is  the  mean  result  of  ten  nights' 
measures  made  at  the  Dearborn  Observatory  in  the  past  two 
montha 

The  existence  of  another  satellite  has  been  suggested  as  an 
explanation  oE  the  variation  shown  above,  but  all  attempts  to 
find  any  other  body  have  thus  far  been  unsuccessful 

No.  2. 

Discovered  in  May,  1876,  with  the  12-inch  object  ^lass  now 
at  the  Vienna  Observatory.  This  very  uneaual  pair  is  in  the 
neighborhood  of  Pollux,  about  40'  south,  ana  a  little  following. 
The  only  measure  is  the  following : 

Bumham PsslU^'-O         D=0'-81        1879-0        In 
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No.  3.    p  Hydrm, 
The  very  minute  attendant  to  this  star  was  detected  with  the 
Washington  26-inch  refractor.     The  only  measures  I  am  ac- 

auainted  with  are  those  made  with  the  l&i-inch  of  the  Dearborn 
'bservatory.    A  mean  of  three  observations  is  as  follows : 
Bumham P=144*-9        D=12'-40         18780        8n 

No.  4.     L  23271. 
A  close  and  unequal  pair  discovered  May  19,  1876,  with  the 
Vienna  12-inch  object  glass.  The  following  are  all  the  measures : 

Hall P=233*'-6  D=0'-85  1876-4         3n 

Dembowski..  234-1  0*87  1877-4        2/> 

No.  5.     46  VvrginU. 
Discovered  on  the  same  evening  as  the  preceding,  and  with 

the  same  glass.    It  is  a  fine  pair,  and  just  within  the  reach  of  a 
6-inch  aperture.     It  has  been  measured  as  follows : 

Hall P=168**-9          D=:l'-32          1876*4  3» 

Dembowski..          1485                  1-21          1877-4  2n 

Stone 146-7                  1-16          1878-2  In 

Bumham 161-5                  1-48          1878-3  2n 

The  magnitude  of  the  small  star  is  rated  8  by  Dembowski, 
9-5  by  Stone,  and  11  by  Hall. 

In  measuring  this  pair,  a  very  faint  companion,  about  13th 
magnitude,  was  detected. 

P=116*-9         D=33^-86         1878-8 

No.  6, 
A  difficult  pair  of   small  stars  in  a  low-power  field  with 
a  Bootis,  rip.     It  has  been  measured  by  Dembowski  only,  and 
the  following  is  a  mean  of  two  observations : 

Dembowski. -.P=139*-8        D=0'-76        1877*0        2n 
This  was  also  found  with  the  Yienna  glass. 

No.  7.  «  CoroncB. 
A  very  difficult  and  unequal  pair  discovered  May,  1876, 
with  the  W ashington  26incL  The  companion  is  an  exceed- 
ingly minute  point  of  light,  even  with  a  larce  aperture.  Mr. 
Edgeoomb,  of  Hartford,  sees  it  with  a  9*4-inch  Clark  refractor, 
but  this  must  be  regarded  as  a  very  remarkable  test  of  acute 
vision.     The  following  are  all  the  measures : 

Hall.- P=361*'-4         D=2'-17         1876-4        An 

Bumham 360-2  1-86  1878-3        2n 

• 

No.  8.     102  ITercidis. 
A  faint  companion  detected  with  the  12-inch  Clark  object 
glass  now  in  the  possession  of  Dr.  Draper.    The  only  measure  is : 
Bumham P=46'*-9        D=:23'-42  18784         In 
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No.  9.     y  LyrcB.     {02  644.) 
This  pair,  discovered   a  number  of  years  since  with  the 
12-inch  glass  now  at  the  Vienna  Observatory,  is  one  of  the 
recently  published  additions  to  the  Pulkowa  Catalogue.     It 
has  been  measured  as  follows : 

Otto  Strove.. P=296''-9        D=:13'»9        1868*6        8n 

Newcomb 297-8  12*48         1874-6     l-4n 

Bumham 80M  1276         1878-4         2n 

No.  10.     P  XIX,  267.     (AC=:^2670=^L  91=S  728.) 

This  has  been  known  as  a  wide  pair  nearly  a  century. 
With  the  Draper  12-inch,  the  large  star  in  August,  1875,  was 
found  to  be  an  excessively  close  pair.  I  have  measured  this 
with  Dearborn  Observatory  refractor  on  four  nights,  as  follows: 

P=126**-l  1877-68 

147-4  1877-72 

147-0  D=0'-26  1878-62 

142-0  0-82  1878-70 

There  is  no  evidence  of  change  in  the  9-5  magnitude  star, 
as  will  appear  from  the  following  observations : 

Herschel  I P=278^-2  1788-6  In 

Strove 276-2     D=4'-08         1827-0  3n 

Mitchel 276-7  8-96         1847'7  In 

Secchi 276-3  4-10         1867-6  In 

Wilson  and  Seabroke.         2799  3-87         1874-1  2n 

Wilson  and  Seabroke.         277-8  4-30        1876-7  In 

Bumham 276-6  4-16         1878-7  In 

No.  1 1.     C  SoffiUCB.     (AC=:^2686=  9 II.  30=SA  807.) 

Discovered  as  a  wide  pair  in  1781  by  Herschel  L  It  was  meas- 
ured by  many  observers  down  to  1875,  when  the  duplicity  of 
the  principal  star  was  detected  with  the  same  instrument  with 
which  the  two  preceding  discoveries  were  mada  My  measures 
of  this  at  the  Dearborn  Observatory  indicate  an  increase  in  the 
distance.  I  found  it  obviously  less  difficult  in  1878  than  the 
previous  year.  The  individual  measures  are  as  follows : 
P=168^-3  D=0'-22  1877-72 

167-6  0-24  1877-73 

168-1  0-27  1877-77 

168-7  0-36  1878-64 

166-4  0-36  1878-70 

Struve  gives  the  magnitutes,  5-7  and  8*7,  of  the  wide  pair. 
These  stars  appear  to  be  relativdy  fixed. 

Struve P=312°-8    D=8°-49        1831-1         7n 

O.  Struve 811-2  8-71         1846-9        7n 

Wrottesley 311-8  8-77         1864-6        8n 

Wilson  and  Seabroke.         311-2  8-8  1873-6         In 
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No.  12.     a*  Capricomi.    (AB=H608.) 

Herschel  II  discovered  a  16-magnitade  companion  to  this  star 
and  entered  it  in  his  second  catalogue  of  double  stars.  Since 
that  time  it  has  received  but  little  attention  from  double-star 
observers.  Under  favorable  conditions  a  6-inch  refractor  will 
show  it  fairly.     The  following  are  all  the  measures: 

Herschel  n ..P=141°-2  D=:6'±  1880±  In 

Mitchel 1441  636  18467  13» 

Holden  1462             18746  2n 

Burnham 160-2  7*41  1878-6  Sn 

In  November,  1862,  with  the  18i-inch  object  glass  now  at 
the  Dearborn  Observatory,  Mr.  Clark  found  that  this  minute 
companion  was  itself  a  close,  equal  pair.  Professor  Young 
was  able  to  see  it  with  the  9'4?-incn  refractor  of  the  Dartmouth 
College  Observatory  when  observing  at  Sherman,  Colorado, 
from  an  altitude  of  more  than  8,000  feet  above  the  sea  level. 
This,  to  anyone  who  has  seen  this  minute  pair,  is  a  striking 
illustration  of  the  importance  of  getting  above  the  lower  atmo- 
sphere.   The  following  are  all  the  measures : 

Holden   P=:67°-6  D=l'-72  1874-6  In 

Newcomb 68-6  1-24  1874-6  In 

Hall 66-2  1-14  1876-7  In 

Hall 63-2  -.-.  1876-7  In 

Burnham 61-2  1-06  1878-5  2n 

No.  13.     T  Cf/gni. 

This  fine  pair  was  discovered  in  October,  1874,  with  the 
26-inch  object  glass  manufactured  for  Mr.  L.  J.  McCormick  of 
Chicago.     It  has  already  shown  rapid  angular  motion,  and  is 

undoubtedly  a  binary  system.  It  has  been  carefully  and 
regularly  observed  by  Baron  DembowskL  The  individual 
measures  are  as  follows: 

P=l74-8            D=l-06  1874-90 

174-3                     1-43  1876-83 

171-0                     1-33  1876-61 

171-6                     1-37  1876-67 

168-9                     1-26  1876-89 

163-2                     1-26  1876-76 

169-8                      1-23  1876-82 

167-0                    1-47  1877-39 

167-7                     1-26  1877-43 

167-6                     1-33  1877-69 

166-8                 •   1-37  1877-70 

1650                      1-21  1877-79 

162-6                      116  1877-84 

164-2                     1-14  1877-92 

162-9                     1-17  1877-94 
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Other  measures,  with  the  mean  results  of  Dembowski's  obser- 
vations, are : 

Newcomb P=:162°-6  D=l'-10  1874-8  2n 

Dembowski 174-5  1-24  1875-1  Sn 

Dembowski 170-5  1-32  18757  2n 

Dembowski 161-5  1-24  1876-8  2n 

Waldo    166-9  1*62  1876-9  2n 

Hall 160-2  1-03  1776-9  2n 

Dembowski 156-3  1-26  1877-7  Sn 

Burnham 150-0  106  18784  In 

There  is  a  third  extremely  faint  star : 

Newcomb P=261°-7     D=15'-10       1874-7         In 

Hall .--.  260-3  15-68       18769         In 

No.  14.     78  Pegaai. 

An  unequal,  but  not  very  difficult  pair,  discovered  in  Nov., 
1875,  with  the  12-inch  glass  now  at  the  Morrison  Observatory, 
Glasgow,  Missouri.  Dembowski  gives  its  magnitudes:  6*0 
yellow,  81  olive.     The  only  measures  are: 

Dembowski P=192°-0    D=l'-45         1876-6         4n 

Burnham 190-8  1*54         1878-8         In 

Chicago,  March  1, 1879. 


Abt.  XXXV. —  Underground  Temperatures  on  the  Comstock  Lode; 
by  John  A.  Church,  Professor  of  Mining,  Ohio  State  Uni- 
versity, Columbus,  Ohio. 

During  the  summer  and  fall  of  1877,  I  was  engaged  in 
making  an  extended  examination  of  the  mines  situated  on  the 
Comstock  lode  in  Nevada.*  Though  investigations  of  the  kind 
described  in  this  paper  were  but  a  subordinate  part  of  the  pro- 
posed work,  and  the  time  given  to  them  necessarily  restricted, 
enough  facts  were  accumulated  to  show  on  how  vast  a  scale 
the  heat  phenomena  of  the  district  are  exhibited. 

The  Comstock  mines  are  not  only  the  only  hot  ones  of  note 
in  this  country  but  they  appear  to  be  the  hottest  in  the  world. 
The  highest  mine  temperature  reported  to  the  British  Coal  Com- 
mittee was  106°  F.,  but  some  of  the  Cornish  mines  have  shown 
an  air  temperature  of  100°  to  118°  F.  There  the  air  was  hotter 
than  the  rock,  which  is  never  the  case  on  the  Comstock.  The 
hottest  water  reported  in  a  Welsh  mine  had  a  temperature  of 
125°  F.  (J.  A.  Phillips).  All  of  these  observations  are  surpassed 
by  the  extraordinary  conditions  of  the  Comstock. 

*Thifl  ezamination  was  made  in  connection  with  the  United  States  Suirej  of  the 
Territories  west  of  the  100th  meridian,  in  charge  of  Lieut  Geo.  M.  Wheeler, 
Corps  of  Rngineers,  U.  S.  A. 
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The  rock  in  the  lower  levels  (1900-2000  feet)  of  the  Com- 
stock mines  appears  to  have  a  pretty  uniform  temperature  of 
180°  F.  This  was  the  reading  obtained  for  me  on  several  occa- 
sions by  Mr.  Comstock,  foreman  of  the  Ophir  mine,  and  about 
the  same  temperature  was  found  by  Mr.  Perrin,  foreman  of  the 
ChoUar  Potosi,  by  Mr.  Cosgrove,  foreman  of  the  Yellow  Jacket 
(189J°  F.  and  136°  F.,  2200  foot  level),  and  by  myself  in  the 
Crown  Point  and  other  mines.  These  readings  were  obtained 
by  placing  a  thermometer  in  a  drill-hole  imm^iately  after  the 
hole  was  finished,  and  leaving  it  there  for  periods  varying  from 
ten  minutes  to  half  an  hour. 

The  holes  in  which  the  thermometers  were  placed  were  not 
sunk  especially  for  this  work  of  testing,  but  were  the  ordinary 
drill-holes  made  for  the  purpose  of  blasting  the  rock.  They 
varied  therefore  from  about  ten  inches  to  three  feet  in  depth, 
but  their  shallowness  by  no  means  indicates  that  the  results 
obtained  are  vitiated  by  alteration  of  the  conditions  through 
exposure  to  radiation. 

Mining  on  the  Comstock  proceeds  with  extraordinary  rapid- 
ity. The  drifts  are  advanced  steadily  at  the  rate  of  three,  Ave, 
and  sometimes  even  eight  and  ten  feet  a  day,  and  therefore  the 
ground  in  which  the  miners  are  working  is  always  fresh  ground. 
The  drill-hole  which  is  made  to-day  was  covered  a  week  a^o 
by  thirty  to  fifty  feet  of  rock.    Very  often  the  holes  were  m 

f  round  which  had  been  exposed  only  one  or  two  hours,  having 
een  sunk  immediately  after  a  blast  which  threw  oflF  four  or 
five  feet  of  the  rock.  The  surface  which  was  thus  thrown  down 
itself  had  not  been  exposed  more  than  twenty-four  hours.  The 
high  temperature  and  small  flow  of  air  in  the  heading  forbid 
the  supposition  that  any  sensible  diminution  of  heat  could  have 
taken  place  at  the  bottom  of  a  drill-hole  made  in  material  of 
such  low  conductivity  as  rock.  These  facts  give  the  results  as 
much  value  as  if  they  had  been  obtained  from  holes  twenty  feet 
deep. 

The  surface  of  the  rock  exposed  to  the  air  of  the  drift  was 
found  on  one  occasion  to  be  about  128°  F.,  the  experiment 
being  made  near  the  "header"  or  end  of  the  drift  The  air 
itself  was  found  to  show  considerable  uniformity  when  its  tem- 
perature was  taken  under  circumstances  that  were  at  all  similar. 
In  freshly  opened  ground  it  varied  from  108°  to  116°  F.,  and 
higher  temperatures  are  reported  at  various  points,  reaching  in 
fact  as  high  as  123°  F.  in  the  1900  level  of  the  Gould  &  Curry. 
The  temperature  of  the  air  is  subject  to  more  fluctuations 
than  that  of  the  rock,  for  the  simple  reason  that  it  is  artificially 
supplied  to  the  mine,  and  varies  according  to  the  distance  to 
which  it  is  carried,  the  quantity,  velocity  in  the  pipe,  its  initial 
temperature,  ai^d  moisture  in  the  drift.    The  most  important 
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causes  of  variation  are  the  length  of  the  drift  and  the  presence 
or  absence  of  water.  In  general  the  variation  at  similar  depths- 
is  not  more  than  eight  deffree&  Drifts  that  do  not  exceed  two 
or  three  hundred  reet  in  length  are  ustmlly  not  above  110°  or 
112°  F.  in  temperature  and  often  they  are  below  this.  But  when 
the  length  increases  to  1200  and  1500  feet  the  temperature  may 
rise  to  116°  F.  without  any  other  change  in  the  circumstances. 
But  much  higher  temperatures  are  encountered  in  places  where 
the  increase  cannot  be  attributed  to  artificial  causes. 

These  limits  are,  however,  not  in  the  least  degree  true  of  the 
water  which  enters  the  drifts  from  the  country  rock,  and  also 
from  the  lode  rocks.  That  approaches  more  nearly  150*"  F.  The 
vast  body  of  water  which  has  filled  the  Savage  and  Hale  & 
Norcross  mines  for  two  years,  and  from  which  it  is  safe  to  say  a 
million  tons  of  water  have  been  pumped  within  twelve  montns, 
gave  me  a  temperature  of  154°  F.  feven  after  being  pumped 
to  the  surface  through  an  iron  pipe  exposed,  in  the  shaft  of  the 
Hale  &  Norcross,  to  a  descending  current  of  fresh  air  for  more 
than  a  thousand  feet,  and  then  flowing  for  one  or  two  hundred 
feet  through  an  open  sluice  in  a  drain-tunnel  which  discharges 
into  a  measuring-box,  the  water  in  this  box  was  found  to  have 
a  temperature  of  no  less  than  145°  F. 

But  the  water  varies  in  temperature  in  different  parts  of  the 
lode  like  the  rock  and  the  air.  In  the  East  crosscut  2000  foot 
level,  of  the  Crown  Point  Mine,  which  is  noted  for  its  extreme 
heat,  a  small  stream  of  water,  after  flowing  for  nearly  one  hun- 
dred and  fifty  feet  over  the  bottom  of  the  drift,  was  found  to 
have  a  temperature  of  157°  F.  Here  the  drift  was  closed  so 
that  the  water  was  but  little  exposed  to  evaporation.  On  the 
contrary,  in  other  places  the  water  is  much  less  hot,  but  I  be- 
lieye  it  is  always  hotter  than  the  air,  and  in  many  cases  it  ap- 
pears to  be  hotter  than  the  rock  is  found  to  be,  except  m 
especially  hot  spots. 

These  places  of  exceptionally  high  temperature  are  very  num- 
erous throughout  the  lode  and  they  appear  to  occupy  narrow 
belts.  The  East  crosscut  of  the  Crown  Point  2000  feet  level, 
which  was  temporarily  abandoned  and  boarded  up  on  account 
of  the  heat,  gave  me  an  air  temperature  of  150°  F,  the  ther- 
mometer being  thrust  through  a  crack  in  the  boarding.  I  felt 
convinced  that  at  the  head  of  this  crosscut  the  heat  must  be 
higher  than  this,  and  Mr.  Balch,  foreman  of  the  mine,  informed 
me  that  it  had  been  proved  so.  Another  hot  spot  is  in  the 
Imperial  Consolidated  Mine.  Here  the  Black  Dike  splits, 
sending  a  shoot  off  to  the  northeast,  and  a  drift  has  been  run 
on  the  two  thousand  foot  level,  along  the  eastern  side  of  this 
branch  dyke.  This  proved  to  be  a  very  hot  spot  indeed- 
Bock,  air  and  water  were  all  so  much  above  the  usual  limits  of 
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temperature  even  in  these  hot  mines  that  the  work  of  cutting 
the  drift  must  have  been  extremely  severa  It  might  not  have 
been  accomplished  had  not  the  expedient  been  adopted  of  board- 
ing or  '* lagging"  up  the  sides  of  the  drift  with  a  double  thick- 
ness of  plank,  breaking  joints.  This  confined  the  water,  which 
poured  down  the  walls,  to  a  tight  chamber,  and  left  the  main 

5 art  of  the  drift  for  the  men  to  work  in  comparative  comfort 
'he  lagging  remains,  and  has  been  carried  around  into  the 
main  drift,  which  is  still  in  active  use.  Its  joints  are  calked 
with  tow,  and,  one  of  these  being  stripped  for  me,  the  steam 
from  the  water  immediately  poured  out  and  proved  to  be  scald- 
ing-hot when  tested  by  the  finger.  I  did  not,  however,  suc- 
ceed in  getting  a  fair  reading  of  the  thermometer,  because  the 
crack  was  too  small  to  admit  more  than  the  end  of  the  bulb. 
The  thermometer  must  have  cooled  by  the  evaporation  of  con- 
densed moisture  from  its  bulb  ;  but,  even  under  these  adverse 
circumstances,  the  temperature  of  the  steam  was  taken  at  128**. 

The  Belcher  south  incline  has  a  hot  belt  of  rock,  quite  nar- 
row, a  short  distance  above  the  1900  station,  and  in  fact  similar 
hot  places  are  found  in  most  of  the  minea 

It  is  noticeable  that  the  neighborhood  of  a  dike  is  apt  to 
be  hotter  than  other  portions  of  the  rock.  This  is  the  case  in 
the  Julia,  and  in  the  Imperial,  the  branch  dike  is  hot,  as  just 
mentioned,  and  the  main  incline,  which  is  quite  near  the  Black 
Dike  has  always  been  noted  for  its  extreme  heat  But  near- 
ness to  the  Black  Dike  is  also  a  characteristic  of  most  inclined 
shafts  on  the  lode.  Some  are  west  of  it ;'  some  in  it  for  long 
distances ;  others  east  of  it  These  inclines  do  not  all  exhibit 
unusual  heat  and  it  will  be  shown  farther  on  that  there  is  a 
special  cause  for  the  exceptions. 

Belts  of  excessively  hot  ground  are  not  the  only  noticeable 

Ehenomena  in  these  mines.  More  remarkable  still  are  the 
elts  of  unusually  cold  rock.  These  are  fewer  in  number  than 
the  hot  belts,  but  they  are  also  strongly  marked.  They  are 
always  wet,  and  the  water  that  drips  through  the  crevices  of 
the  shattered  rock  that  composes  them  is  noticeably  cold  to 
the  touch,  and  cools  down  the  air  of  the  drift  Such  a  wet, 
cold  belt  of  rock  exists  on  the  eight  hundred  foot  level  of  the 
Justice  Mine,  and  there  is  a  veij  decided  change  of  tempera- 
ture in  passing  from  one  side  of  it  to  the  other.  Lest  the  low 
temperature  of  this  spot  should  be  attributed  to  the  water 
which  drains  through  it  from  the  surface,  it  is  well  to  add  that 
water  drips  from  the  rock  in  numerous  places  in  these  as  in 
most  mines,  and  that  usually  it  is  hot,  or  at  least  warm. 

Other  cold  belts  are  found  in  the  mines  which  are  not  so 
cool  as  that  in  the  Justice,  but  are  perceptibly  cooler  than  the 
rock  at  a  short  distance  from  them.     They  complete  a  well- 
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linked  chain  of  heat  phenomena,  extending  from  rocks  that  are 
sensibly  cold  to  the  touch,  and  may  not  have  a  temperature 
above  50^  or  60®  F.,  through  rocks  that  have  the  average 
atmospheric  temperature,  and  those  which  are  as  hot  as  sur- 
face rocks  ever  become  in  Nevada,  to  those  which  have  a  tem- 
perature of  157**  F.  There  is  no  reason  to  doubt  that  the 
gradation  is  quite  regular,  and  the  transition  from  the  lower 
to  the  higher  temperature  is  made  through  a  much  larger  series 
of  intermediate  steps  than  the  accidental  thermometer  readings 
taken  show. 

The  rock  is  usually  dry.  Wet  portions  exist,  but  these  are 
disposed  in  comparatively  narrow  bands  parallel  with  the  lode 
ana  separated  by  thick  masses  of  rock ;  the  lode  is  usually  per- 
fectly dry,  and  never  exhibits  more  than  the  average  leakage 
of  mines.*^  Wet  rock  is  the  exception,  and  drv  rock  the  rule, 
through  the  whole  lode.  In  the  drifts  cut  through  this  hot, 
dry  rock,  the  walls  of  the  freshly  exposed  surfaces  are  painful 
to  the  hand,  and  the  air  is  often  filled  with  dust  The  rock  is 
both  hard  and  tough,  but,  in  spite  of  its  strength,  it  gives  an 
impression  of  fine  porositv  to  the  touch,  due  probably  to  its 
trachytic  character.  It  often  has  the  odor  oi  clay,  but  not 
always.  It  may  be  slightly  adhei'ent,  or  the  impression  of 
dryness  upon  the  tongue  may  be  due  to  its  heat. 

The  plan  of  the  Yellow  Jacket  mine  is  simple  and  such  as  to 
eliminate  complications  from  the  single  problem  of  heat  absorp- 
tion by  moving  currents  of  air  from  rock  surfaces.  From  the 
1,581  level  two  parallel  winzes  are  sunk  on  the  lode,  inclining 
with  it  They  are  four  hundred  and  thirteen  feet  apart,  and 
connected  on  every  lower  level  by  the  main  north  and  south 
drift  The  Yellow  Jacket  is  a  downcast  mine,  and  the  air  cur- 
rent passes  down  the  vertical  shaft  to  the  1,119-foot  level, 
thence  down  the  incline  to  the  1,581  level,  through  a  drift  to 
the  south  winze,  and  thence  down  this  winze  to  the  2,200 
level,  the  bottom  of  the  mine.  On  its  way  from  the  1,581  it 
sends  a  current  through  the  1,782, 1,985  and  2,040  levels,  these 
currents  bein^  reunited  in  the  north  winze,  which  is  the  upcast 
The  north  wmze  does  not  reach  to  the  surface,  and  no  air  rises 
**to  day  "  in  the  mine,  the  entire  current  flowing  into  the  Im- 
perial and  Bullion  mines,  both  north  of  the  Yellow  Jacket,  and 
Doth  of  them  exclusively  upcast. 

Captain  Taylor  has  placed  Fahrenheit  thermometers  of  the 
common  kind,  with  japanned  tin  cases,  at  the  surface,  foot  of 
the  vertical  shaft  (1,119  level),  1,782  south  and  north  winzes, 
1,985  north  winze,  and  2,040  south  and  north  winzes.  The 
south  winze  is  downcast,  and  the  thermometers  placed  here  on 
the  different  levels  measure  the  increase  of  heat  in  the  winze 
itself,  while  those  which  are  hung  at  the  north  winze  measure 
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the  increase  of  heat,  which  each  "split"  of  air  gains  in  mov- 
ing through  413  feet  of  drift,  that  being  the  distance  between 
the  winzes.  This  fortunate  arrangement  of  the  ventilating  cur- 
rents presents  the  most  favorable  opportunity  I  have  ever  ob- 
servea  for  studying  the  problems  involved  The  thermometers 
should  be  replaced  with  standaixl  instruments,  and  the  air  cur- 
rent measured  twice  a  week  for  a  year,  in  each  drift  The  result 
would  b^  the  best  series  of  observations  obtainable,  probably 
in  any  American  mine,  for  the  comparative  shortness  of  the  paths 
followed  by  the  air,  when  contrasted  with  the  long  drifts  of  some 
coal  mines,  is  compensated  for  by  the  high  temperature  of  the 
rocks,  and  the  marked  increase  of  heat  in  the  air.  It  is  also 
extremely  rare  to  find  the  conditions  of  heat  absorption  so  little 
complicated  by  artificial  additions. 

The  air-current  entering  the  mine  July  2d,  1877,  was  meas- 
ured and  found  to  be  18,140  cubic  feet  On  the  1782  level  the 
**  split "  or  secondary  air-current  was  found  to  contain  7200 
cubic  feet,  and  for  the  purpose  of  illustrating  the  steady  flow 
of  heat  from  the  rock,  we  may  reasonably  assume  that  18,000 
cubic  feet  of  air  enter  the  mine  every  minute,  and  that  this 
current  is  divided  into  three  splits  of  6000  cubic  feet  each, 
which  pass  from  the  south  winze  418  feet  to  the  north  winze, 
on  each  of  the  three  levels,  1782,  1935,  and  2040.  The  sec- 
ond of  these  is  out  of  consideration,  from  the  fact  that  there  is 
only  one  thermometer  on  it,  so  that  no  comparison  of  the 
initial  and  final  temperatures  can  be  made. 

The  following  tables  contain  a  summary  of  all  the  observa- 
tions which  I  have  been  able  to  obtain.  The  record  is  imper- 
fect on  account  of  the  destruction  of  some  tally  boards,  and 
this  has  compelled  me  to  omit  some  records  that  are  preserved, 
because  the  corresponding  observations  in  the  same  drift  are 
wanting.  Where  the  omission  takes  place,  the  figures  are 
included  in  brackets.  The  figures  given  are  monthly  averages, 
and  the  final  averages  refer  only  to  numbers  not  in  brackets. 

Only  the  observations  on  the  1782  and  2040  foot  levels  will 
be  made  use  of,  as  these  are  the  only  ones  where  a  horizontal 
air  current  has  its  temperature  measured  at  two  points  in  its 

t)ath.  Omitting  November  from  the  period  of  the  1700  foot 
evel  and  December  from  that  of  the  2040  foot  level,  we  have 
for  the  average  of  nine  months*  observations  a  difference  of 
temperature  between  the  south  and  north  winzes  amounting  to 

1782  foot  level  (89-89°- 78-06°)  ll-83°  P. 

2040    «        "  (92-80'^ -85-85**)  6-95*  F. 

This  difference  represents  the  heat  which  the  air  current  has 
absorbed  in  passing  a  distance  of  413  feet  on  these  levels.  •  In 
my  report  made  to  Lieutenant  Wheeler,  and  also  in  a  paper  on 
this  subject  presented  to  the  American  Institute  of  Mining 
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Engineers,  these  quantities  are  given  as  10-56''  P.  and  7*87''  F., 
the  difference  being  due  to  the  fact  that  they  were  the  average 
of  seven  instead  of  nine  months'  observationa 


Tdlow  Jacket  Mine.-^Moming  Temperature^  6  a.  ic. 

Snrtece. 
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The  1782  level  affords  us  the  best  evidence  that  the  inces- 
sant drain  of  heat  cannot  be  maintained  bj  supply  from  a  &tore 
accumulated  in  the  rock.  This  drift  was  probably  completed 
by  January  1,  1876,  or  perhaps  some  months  earlier.  It  has  been 
constantly  in  use  as  an  air  way,  but  after  this  long  exposure  no 
diminution  in  its  heating  power  has  been  noticed.  It  has  lost 
the  intense  heat  it  had  when  first  opened,  but  remains  at  an 
average  temperature  of  about  90®  F. 

In  other  respects  I  have  not  observed  any  circumstances 
which  throw  serious  doubt  upon  the  thermometer  readings. 
The  instruments  are  not  standards,  it  is  true,  but  they  are  prop- 
erly hung  on  timbers,  and  usually  with  ten  or  twelve  inches  of 
wood  or  air  between  them  and  the  rock  surfaca  Whenever 
compared  with  one  of  the  survey  thermometers,  hung  in  the 
center  of  the  moving  air-current,  they  have  not  shown  a  varia- 
tion of  more  than  one  degree.  The  daily  readings  are  quite 
uniform,  the  fluctuations  of  more  than  one  degree  not  exceed- 
ing twenty-three  in  a  series  of  about  860  observations.  The 
highest  fluctuation  noticed  is  three  degrees. 


Art.  XXXYL—United  Slates  Geological  Survey  of  tlie  Fortieth 
Parallel  Vol.  I.  Systematic  Geology  ;  by  CLARENCE  KiNO. 
Beviewed  by  Ra^phael  Pumpellt. 

The  February  number  of  this  Journal  contained,  in  the 
form  of  citations,  a  summary  of  the  results  of  the  Fortieth  Par- 
allel Survey  in  the  department  of  Stratigraphical  Geology. 
The  object  of  the  present  paper  is  to  present  a  general  review 
of  the  more  noteworthy  results  and  generalizations,  in  the  other 
departments. 

Quaternary  Period, — The  Quaternary  period  of  the  Cordille- 
ras was  contemporaneous  with  the  Glacial  and  Drift  period  of 
the  East  and  of  Europa  Its  record  differs,  however,  in  that 
no  continental  glacier  ever  invaded  the  CordiUera  region  to 
leave,  after  melting,  its  immense  load  of  ground-moraine.  The 
climatic  conditions  which  caused  the  extension  of  the  Scandi- 
navian ice-cap  over  Northern  Europe  and  of  the  Greenland  ice- 
cap over  Northeastern  America  produced  indeed  vast  systems 
of  glaciers  in  the  Cordilleras,  but  they  were  Alpine  ice-streams 
and  as  such  were  localized  around  the  numerous  lofty  condens- 
ing centers  and  accompanied  by  the  phenomena  peculiar  to 
this  form  of  glaciers. 

At  the  east  the  floods  of  the  Champlain  epoch,  proceeding 
from  the  melting  ice,  covered  the  gently  graded  surface  with 
detritus  from  the  ground-moraine;  but  the  rapid  fall  of  the 
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Cordillera  streams  permitted  the  Glacial  floods  to  form  torrents 
whicli,  aided  by  the  suspended  material,  cut  deep  cafions  and 
spread  the  debris  in  enormous  quantities  over  the  margins  of 
the  plains  at  the  mouths  of  the  mountain  valleys.  An 
immense  amount  of  erosion  was  accomplished  during  the  Gla- 
cial epoch  and  there  is  evidence,  to  be  given  below,  that  it  was 
done  during  two  periods  of  glacier  extension  in  the  Quaternary ; 
during  the  first  and  greater  the  floods  cut  the  deep  V-shaped 
cafions,  and  during  the  second  the  glaciers  transformed  the 
upper  part  of  these  into  U-shaped  cafions,  and  we  may  add  that 
the  second  floods  deepened  the  V  cafions  below  the  foot  of  the 
glacier. 

The  Great  Plains  are  underlaid  by  beds  which  were  depos- 
ited in  a  great  fresh-water  lake.  In  the  southeast  these  beds 
dip  under  the  Gulf  of  Mexico,  while  near  the  Eocky  Moun- 
tams  they  are  7,000  feet  above  the  Ocean.  It  is  therefore  evi- 
dent that  they  have  been  tilted,  for  otherwise  we  should  have 
to  suppose  that  there  existed  a  lake  whose  surface  was  7,000 
feet  above  the  sea,  and  for  which  there  was  no  eastern  enclos- 
ing wall.  Both  General  G.  K.  Warren  and  Mr.  King  have 
shown  that  after  the  Pliocene  such  a  tilting  really  took  place, 
so  that  during  Quaternary  time  this  declivity  had,  as  now,  free 
drainage  to  the  Ocean,  and  was  traversed  by  the  rivers  flooded 
from  the  glaciers. 

In  the  Great  Basin  the  Pliocene — Shoshone — lake  was  dis- 
turbed but  not  drained  oflF.  Its  eastern  and  western  edges  were 
depressed  1,500  to  2,000  feet,  producing  two  basins  which  were 
occupied  by  two  Quaternary  lakes.  The  eastern  one  (of  which 
Great  Salt  Lake  is  the  remnant),  extending  over  2^  degrees  of 
longitude  and  8  decrees  of  latitude,  has  been  namSd  Lake 
Bonneville,  by  Mr.  &  K.  Gilbert  The  western  body  of  water, 
called  by  King,  Lake  Lahontan,  occupied  about  the  same  abso- 
lute range  in  latitude,  with  about  the  same  width. 

Mr.  King  infers  that  the  Pliocene  lakes  were  nearly  or  quite 
dried  up  before  the  Quaternary,  because:  1,  while  the  beds  con- 
tain remnants  of  only  a  purely  fresh-water  fauna,  the  upper 
strata  sometimes  contain  deposits  of  alkaline  sulphates  and 
chlorides,  that  could  form  in  a  fresh- water  sea  only  after  a  nearly 
complete  evaporation  ;  2,  the  oldest  Quaternary  deposits  on  the 
sides  of  the  extinct  lake  basins  are  subaerial  gravels,  which 
were  swept  by  hill-wash  and  river-floods  far  out  from  the  parent 
mountains  During  their  prime,  these  inland  fresh-water  seas 
were  filled  to  their  outlets.  Lake  Bonneville,  over  1,000  feet 
deep,  drained  thn^ugh  Red  Rock  Pass  into  the  Snake  and 
Columbia  Rivers.  The  outlet  of  Lake  Lahontan  may  have 
been  southward,  and  the  lake  must  have  been  over  600  feet 
deep. 
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From  the  fact  that  the  sediments  of  these  lakes  are  under- 
laid and  overlaid  by  subaerial  gravels,  both  King  and  Gilbert 
infer  that  there  was  a  very  wet  period  between  two  dry  peri- 
ods. But  our  author  goes  much  further,  and  from  the  results 
of  a  study  of  the  chemistry  of  the  waters,  as  expressed  in  the 
soluble  contents  of  the  remaining  lakes,  and  in  the  natural 
evaporation  products,  constructs  an  ingenious  and  it  would 
seem  a  well-founded  hypothetical  climatic  history  of  the  Qua- 
ternary period.  The  argument  may  be  briefly  outlined.  The 
now  dry  shores  of  the  ancient  Lake  Lahontan  are  in  many 
places  covered,  sometimes  twenty  to  sixty  feet  deep,  with  a 
tufaceous  deposit,  which  is  often  distinctly  crystallized  and  then 
shows  the  very  characteristic  forms  of  gaylussite — a  hydrated 
carbonate  of  soda  and  lime.  But  chemical  analyses  show 
that  the  soda  and  water  are  gone,  and  that  the  mineral  is  now 
calcite— only  the  external  form  being  that  of  gaylussite.  In 
short,  we  have  here  an  instance  of  pseudomorphism  on  a  large 
scale.  This  pseudomorphous  material  King  calls  Thinolite. 
Near  Ragtown,  Nevada,  in  a  lake  which  is  one  of  the  remnants 
of  Lahontan,  and  which  is  presumably  fed  by  springs,  the 
forming  of  gaylussite  can  now  be  seen  in  operation.  It  is  a 
dense  water  very  rich  in  soda  carbonate,  and  when  the  lake 
shrinks  during  the  dry  season,  gaylussite  crystals  are  deposited 
on  the  beach  and  on  floating  organic  substancea  Both  the 
facts  at  this  lake  and  Fritsche's  experiments  show  that  gaylus- 
site can  form  only  in  the  presence  of  a  large  excess  of  carbon- 
ate of  soda.  When  the  saline  water  of  this  lake  is  diluted  dur- 
ing the  wet  season,  the  gaylussite  is  dissolved  again. 

The  thinolite  tufa  occurs  up  to  an  altitude  of  470  feet  above 
Pvramid  Lake,  or  within  thirty  feet  of  the  highest  known  level 
of  the  extinct  Lahontan  Lake.  The  inference  from  this  is  that 
the  lake  must  have  been  long  exposed,  without  an  outlet,  to 
concentration  by  evaporation,  ana  perhaps  by  contributions 
from  alkaline  springs,  in  order  to  deposit  gaylussite  at  such  an 
altitude ;  and,  in  order  to  have  formed  the  vast  deposits  of  tufa 
— originally  gaylussite — the  lake  must  have  almost  whoUv 
evaporated.  Now  the  evaporation  of  a  sea,  which,  with  a  deptn 
of  470  feet,  was  sufficiently  saline  to  deposit  gaylussite,  would 
leave  its  residuary  lakes  in  the  condition  of  saturated  solutions; 
but  the  fact  is  that  the  larger  relics  of  Lahontan,  viz :  Pyramid 
and  Winnemucca  Lakes  are  sufficiently  fresh  to  support 
numerous  fishes,  including  one  or  two  of  the  Salmonidoe.  It  is 
evident,  therefore,  that  the  residuary  water  of  the  evaporation 
of  Lahontan,  that  produced  these  tufas,  must  have  wholly  dis- 
appeared. This  could  only  take  place  by  the  basin  filling  to 
its  outlet  and  remaining  at  that  altitude  long  enough  for  its 
dissolved   salts  to  drain  oflF  and   for  the  water  to  become 
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thoroughly  freshened,  after  which  a  rapid  evaporation  brought 
about  the  present  condition  of  things. 

This  argument  places  before  us  what  seems  unimpeachable 
evidence  of  the  existence  of  two  periods  of  great  humidity  and 
three  of  desiccation.  These  several  periods  King  correlates  as 
follows:  the  first  dry  period  was  at  the  close  of  the  Pliocene; 
the  two  wet  periods  correspond  to  the  two  phases  of  maximum 
extension  of  the  glaciers  and  were  contemporaneous  with  the 
great  ice  epoch  and  the  Eeindeer  ice  epoch  of  Europe;  the 
intermediate  dry  period  corresponds  with  Newberry's  Forest- 
bed  horizon ;  and  the  last  dry  period  still  continues. 

During  the  intermediate  dry  time  there  was  probably  less 
vegetation  even  than  now  in  the  Cordilleras  and  on  the  Great 
Plains,  and  it  was  probably  then,  that  the  greater  portion  of 
the  loess  of  the  Missouri  ana  Mississippi  valleys  was  transported 
to  its  present  position  by  the  west  winds  as  the  present  writer 
has  shown  elsewhere. 

The  well  known  fact  that  the  surface  of  Great  Salt  Lake  is 
rising — it  has  risen  11  feet  since  1867 — has  been  generally 
ascribed  to  the  cultivation  of  the  surrounding  region.  Mr. 
King  shows  this  to  be  a  wrong  inference,  for  a  similar  increase 
has  aflfected  all  the  lakes  of  the  Great  Basin.  He  shows  partly 
from  observations  connected  with  the  growth  of  trees  on  the 
Sierra,  that  this  is  due  to  a  climatic  oscillation  that  began  about 
1860  and  which  was  the  first  of  its  kind  and  extent  that  has 
occurred  within  at  least  260  years.  This  question  of  oscillation 
of  climate  is  full  of  importance  to  the  populations  that  are 
pouring  into  the  r^ons  of  the  Great  Plains  during  the  present 
moist  extreme. 

Origin  of  crystalline  schists  and  granite. — Some  space  is  de- 
voted in  this  volume  to  the  presentation  of  original  hypotheses 
explaining  the  origin  of  crystalline  schists  and  granitic  rocks, 
of  fusion  in  the  interior  of  the  globe,  and  the  cause  of  varieties 
in  volcanic  rocks  and  the  law  of  succession  in  eruptions. 

Mr.  King  sees  in  the  crystalline  schists  beds  of  sedimentary 
material  in  which  the  change  that  has  taken  place  has  been 
confined  to  a  re-arrangement  of  the  constituents  and  the  oblit- 
eration of  the  interstitial  spaces  between  the  detrital  particles. 
Thus  purely  silicious  beds  remain  as  quartzites,  lime  beds  as 
marble,  and  mixed  sediments  as  the  vanous  compound  crystal- 
line schists.  The  sediments  were  penetrated  with  the  original 
saline  solutions  of  the  sea  and  the  metamorphism  was  efi'ected 
under  great  pressure  and  moderate  heat  but  in  the  absence  of 
fusion.  This  is  proved  by  the  total  absence  of  the  microscopic 
glass-particles  that  all  volcanic  rocks  show,  and  by  the  abund- 
ance of  cavities  containing  fluids  and  salts  that  the  microscope 
reveals  in  almost  all  metamorphic  rocks.     There  was  no  fusion, 
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although  it  is  possible  that  the  temperature  of  fusion  existed 
but  was  prevented  by  the  counteracting  pra<«sure  from  produc- 
ing liquefaction.     The  hypothesis  is  summarized  thus: 

Conditions  of  m-etamorpnism. — 1.  There  is  a  horizon  below 
the  surface,  at  a  depth  which  increases  with  the  secular  cooling 
of  the  globe,  at  wnich  the  heat  and  pressure  are  suflScient  to 
produce  the  chemical  activity  needed  to  eflfect  metamorphism. 
2.  This  horizon  sinks  deeper  with  the  secular  cooling.  8.  So 
long  as  this  horizon  is  within  the  depth  to  which  sediments  are 
brought  down  by  displacement  of  the  crust  and  subsidence,  so 
long  will  crystalline  schists  be  produced.  4.  When  by  secular 
cooling  the  horizon  of  requisite  temperature  shall  have  sunk 
below  the  possible  levels  to  which  sediments  can  be  depressed, 
then  forever  afterward  the  formation  of  crystalline  schists  is 
ended  in  that  segment  of  the  crust 

Out  of  gneisses  thus  formed,  Mr.  King  derives  the  structure- 
less granitic  rocks  by  the  action  of  tangential  pressure.  During 
the  horizontal  compression  due  to  the  shrinkage  of  the  globe, 
there  acts  also  gravitation.  Now  when  the  tangential  was  slight 
compared  with  the  down-pressing  action  of  gravitation  the 
schists  were  simplv  corrugated  ;  but  when  the  tangential  was 
largely  in  excess,  then  the  structure  of  the  schists  was  destroyed 
and  the  constituent  minerals  were  to  a  great  extent  broken  up. 
This  is  supposed  to  account  for  the  granitic  rocks  and  all  the 
transitional  forms  between  these  and  the  corresponding 
gneissoidal  varieties. 

Genesis  and  Classification  of  volcanic  rocks. — In  regard  to  the 
origin  of  volcanic  rocks,  Mr.  King  argues  as  follows:  The 
temperature  of  the  earth  increases  from  the  surface  downward ; 
and  owing  to  the  rapid  conduction  in  the  outer  part  of  the 
crust,  the  rate  of  increase  is  very  rapid  at  first  ana  then  very 
slow.  Pressure  also  increases  from  the  surface  downward, 
but,  owing  to  the  increase  in  density,  the  rate  of  increase  is 
smallest  near  the  surface  and  more  rapid  in  depth.  Now  the 
action  of  pressure  is  directly  antagonistic  to  fusion — increase 
of  pressure  raising  the  melting  point  It  is  therefore  evident 
that  a  comparison  of  the  strength  of  these  two  forces — for  and 
against  fusion — will  show  that  the  resistance  offered  by  pres- 
sure to  fusion  will  be  least  at  the  point  of  maximum  rate  of 
increase  of  temperature,  and  that  from  that  point  down  the 
more  rapid  rate  of  increase  of  pressure  than  of  temperature, 
renders  fusion  more  and  more  impossible.  The  position  of 
this  point,  or  couche,  in  which  pressure  offers  least  resistance  to 
fusion  must  be  near  the  surface.  The  observed  rate  of  increase 
would  indicate  that  at  a  depth  of  about  fifty  miles  the  tempera- 
ture would  produce  fusion  of  rock  if  not  prevented  by  the 
pressure.     Now  if  by  removal  of  the  superincumbent  material 
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the  presanre  on  any  given  point  is  diminished  at  a  more  rapid 
rate  than  that  of  the  cooling  of  the  couches  below,  and  if  this 
removal  of  pressure  proceed  far  enough,  fusion  must  take 
place;  and,  oeing  localized,  it  will  form  subterranean  lakes  of 
molten  rock.  This  couche  of  possible  fusion,  like  all  the  iso- 
thermal and  isobaric  covdies^  must  be  parallel  to  the  surface 
and  must  rise  in  ridge-form  under  mountain  ranges.  And  it  is 
in  the  active  erosion  that  takes  place  in  mountains  that  Mr. 
King  finds  the  means  of  diminishing  the  pressure.  One  of  the 
first  objections,  that  would  be  advanced  to  this,  would  be  that 
erosion  does  not  act  with  sufficient  rapidity.  But  our  author 
would  probably  point,  and  with  reason,  to  the  vast  accumula- 
tions of  detrital  sediment — thousands  of  feet  thick  and  cover- 
ing  hundreds  or  thousands  of  square  miles — which  have 
formed  during  single  geological  epochs.  During  the  Cretaceous 
there  accumulated  from  one  to  one  and  one-half  miles  in  thick- 
ness of  detrital  sediment  which  probably  occupies  now  a 
larger  area  than  that  from  which  it  was  eroded,  and  the  follow- 
ing Eocene  and  Miocene  epochs  witnessed  the  enormous  out- 
pourings of  lava. 

In  these  subterranean  lakes  of  fused  rock,  are  differentiated 
the  varieties  of  volcanic  rocks.  Baron  Bichthofen,  after  a 
critical  study  of  volcanic  products  in  Europe,  Asia,  California 
and  Nevada,  proposed  a  classification  of  them  into  propylite, 
andesite,  trachyte,  rhyolite  and  basalt,  and  stated  that  wherever 
several  of  them  occurred  in  one  district  the  chronological 
order  of  their  eruption  was  that  in  which  we  have  named  them. 
This  generalization  has  been  anaply  corroborated  by  the  40th 
Parallel  Survey  and  extended.  For  Mr.  King  finds  that  there 
is  a  sufficient  persistence  of  occurrence  among  the  sub-varieties 
to  justify  the  subdivision  of  each  of  Eichthofen's  "orders" 
into  an  acid,  a  mean  and  a  basic  variety  (or  species)  as,  for 
instance,  quartz-propylite,  hornblende-propylite,  augite-propy- 
lite,  quartz-trachyte,  mica-trachyte,  augite- trachyte,  etc.  He 
goes  further,  and  brings  rhyolite  and  basalt  together  as  the  acid 
and  basic  extremes  of  a  new  order,  "  neolite." 

Now  the  observations  of  his  survey  show^  that  there  is  a 
regular  order  of  succession  in  the  eruption  of  sub-varieties : 
that  when  all  the  varieties  of  an  order  appear,  the  mean  was 
ejected  first,  then  the  acid,  and  last  of  all  the  basic.  This 
sequence  is  explained  thus :  Fusion,  being  a  function  of  ero- 
sion, is  ephemeral,  the  duration  of  fluidity  being  limited  by  the 
sinking  of  the  isotherms.  Each  molten  lake  must  therefore 
pass  through  a  series  of  phases  which  may  be  stated  as  follows: 
1st,  fusion ;  2d,  crystallization  of  constituent  minerals ;  8d, 
separation,  by  specific  gravity,  into  a  basic,  lower  couche  and 
an  acid,  upper  couche  ;  4th,  re  solidification  by  the  reestablish- 
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ment  of  the  ante-fusion  relation  between  pressure  and  tem- 
perature. 

Now  if  eruption  takes  place  before  the  separation,  the  lava 
will  have  a  mean  composition :  as  separation  takes  place  the 
uppermost,  or  acid,  layer  is  ejected ;  finally  the  acid  couche 
cools  first  on  account  of  its  higher  melting  point  and  higher 
position,  and  eruption  at  this  period  forces  up  the  basic  lava 
from  the  couche.  This  is  the  sequence  for  King's  subdivisions 
of  the  diflferent  genera ;  the  observed  sequence  of  the  genera 
themselves,  i.  e.  of  Richthofen's  orders,  ne  explains  by  sup- 
posing them — if  we  understand  him  rightly — to  represent,  from 
Sropylite  to  neolite,  each  a  lower  horizon,  the  aepths  being 
etermined  by  the  time-intervals;  and  the  differences  in  char- 
acter and  mean  constitution  being  expressions  of  the  varying 
of  the  conditions  at  increasing  depth& 

The  argument  of  which  this  sketch  gives  only  the  salient 
points  is  undoubtedly,  in  the  writer's  opinion,  the  most  con- 
sistent hypothesis— the  nearest  approach  to  a  satisfactory  theory 
— that  has  been  thus  far  advanced  to  explain  the  complicated 
system  of  related  phenomena  under  consideration. 

Mountain-building. — In  the  last  chapter  there  is  a  review  of 
the  conspicuous  disturbances  of  the  crust,  showing  that  from 
the  Laurentian  to  the  Quaternary  there  have  been,  within  the 
area  of  the  Survey,  thirteen  periods  of  mountain-building 
activity.  "  In  this  complicated  history  ....  have  occurred 
both  upheaval  and  subsidence  as  related  to  the  sea-level ;  plica- 
tion, always  greatest  at  the  western  edge  of  the  disturbed  area ; 
the  formation  of  folds  forty  thousand  feet  from  summit  to  base ; 
the  development  of  faults  with  at  least  forty  thousand  feet  of 
dislocation ;  the  tilting  of  horizontal  regions  into  broad  inclined 
planes  without  disturbance,  and  the  division,  by  complicated 
fault-systems,  of  wide  areas  into  numerous  separate  blocks,  of 
which  some  are  depressed  below  the  level  oi  their  adjacent 
companion  blocks."  **It  is  also  a  general  law  that  those  re- 
gions which  experience  elevation  without  local  disturbance  are 
the  regions  of  relatively  thin  sediment  superposed  on  a  com- 
paratively unaccidented  Archaean  foundation,  whereas  those 
which  suffer  the  extremest  plication  are  covered  by  the  thick- 
est deposits  overlying  and  adjacent  to  the  greatest  Archaean 
Mountain  ranges."  The  instances  of  paroxysmal  depression 
are  found  to  have  affected  areas  immediately  after  the  removal 
from  them  of  immense  thicknesses  of  material :  while  the  in- 
stances of  gradual  depression  occur  over  areas  that  were  being 
very  heavily  loaded  with  sediment 
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Art.  XXXVn.— On  a  Method  of  Estimating  the  Thickness  of 
Young^s  Reversing  Layer  ;  by  W.  H.  Pulsifeel 

A  PART  of  my  duties,  as  a  member  of  the  Fort  Worth  Eclipse 
party,  consisted  of  the  spectroscopic  observation  of  the  con- 
tacts. I  used  a  telespectroscope  combining  a  four-inch  Clark 
telescope  of  four  feet  ten  inches  focal  length,  and  a  ten-prism 
Browning  solar  spectroscope.  The  field  included  the  lines 
between  W.  L.  6600  and  6300. 

At  second  contact  I  observed  the  reversal  of  the  Fraunhofer 
lines,  and  was  surprised  to  find  the  reversed  lines  shortened  at 
each  end,  and  occupying  but  about  one-third  of  the  width  of 
the  spectrum,  while  the  C  line  was  not  shortened  and  remained 
in  view  after  the  other  lines  had  disappeared.  At  the  moment 
no  explanation  of  the  phenomenon  presented  itself,  but  after- 
ward it  occurred  to  me  that  it  was  occasioned  by  the  extension 
of  the  slit  of  my  spectroscope  beyond  the  reversion  layer  on 
each  side,  and  that  a  measurement  of  the  image  of  the  sun 
formed  on  the  slit,  and  of  the  length  of  the  slit  itself,  would 
enable  me  to  estimate  the  thickness  of  the  reversing  layer. 
Careful  measurement  showed  the  diameter  of  the  sun's  image 
on  the  slit  to  be  0-54*°-,  and  the  length  of  the  slit  0-08*°-. 

In  the  diagram,  C  represents  the  chromosphere,  E  the  revers- 
ing layer,  S  the  slit,  a  h  c  the  shortened  lines,  and  d  h  the 


radius  of  the  sun.  The  diflference  in  the  length  of  the  lines 
dh  and  dc  represents  the  minimum  thickness  of  the  layer,  as 
indicated  by  the  reversed  lines  observed.  Assuming  the  sun's 
diameter  to  be  860,000  miles,  and  accepting  the  measurement 
of  the  sun's  image  and  of  the  slit,  and  the  statement  that  the 
reversed  lines  occupied  but  one-third  of  the  width  of  the  spec- 
trum, the  difference  in  the  length  of  the  lines  d  b  and  dcia 
found  to  be  524  miles. 
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Art.  XXXVni. — ITie  Lower  Jaw  of  Loxohphodon  ;*  by  HfiNRY 
F.  Osborn  and  Francis  Speir,  Jr.     With  a  Plate. 

Little  has  been  known  hitherto  of  the  real  character  of  the 
lower  jaw  of  Loxolophodon,  a  genus  which  together  with  Uin- 
tatherium  fornas  at  present  the  Suborder  Dinocerata.  To  the 
literature  which  has  appeared  upon  the  lower  jaw  of  the  Dino- 
cerata, Professor  Marsh  has  contributed  in  this  Journal  (III, 
vol.  xi,  page  168),  a  description  of  a  specimen  of  Uintatkerium 
(Dinoceras)  laticeps  lacking  only  the  canine-incisor  series,  and 
it  is  safe  to  say  that  the  general  characters  of  this  jaw  are  also 
applicable  to  all  the  known  species  of  LTintatherium ;  Professor 
Cfope  (Proc.  Am.  Phil.  Soc.,  Feb.  21,  1873)  has  given  a  partial 
description  of  the  lower  jaw  of  Loxolophodon  from  fragments 
which  were  wanting  in  the  most  essential  features,  leaving  a 
wide  gap  in  our  knowledge  of  this  important  genus. 

The  following  description  is  based  upon  specimens  collected 
in  the  South  Bitter  Creek  country  of  Wyoming,  about  fifteen 
miles  south  of  Laclede,  a  station  on  the  old  overland  road. 
The  horizon  is  considered  by  King,  Cope  and  Hayden  as 
belonging  to  the  Bridger  Series,  which  here  overlies  conform- 
ably the  Vermillion  Creek  group.  The  material  comprises  two 
jaws,  the  first  found  with  a  large  canine-tusk  belongs,  without 
doubt,  to  L,  cornutus;  the  second  is  smaller,  possibly  of  a 
female  of  the  same  species ;  together  they  give  basis  for  a  com- 
plete study,  save  of  the  coronoid  process  which  is  lost  in  both. 
The  accompanying  plate  figures  the  former  specimen,  the 
incisor-canine  series  have  been  placed  in  position  from  the  lat- 
ter specimen,  in  which  the  alveoli  are  preserved. 

General  character  of  the  jaw, — One  of  the  most  surprising  fea- 
tures of  the  Dinocerata  is  the  disparity  existing  between  the 
size  and  strength  of  the  lower  jaw,  and  the  large  and  formida- 
ble head.  This  is  even  more  marked  in  Loxolophodon  than  in 
Uintatherium,  for  in  general  contour  the  lower  jaw  is  neither 
long  nor  deep.  In  L,  comutus,  the  species  in  hand,  it  extends 
from  the  well-advanced  glenoid  cavity  barely  to  the  tips  of  the 
slender  premaxillaries,  where  it  is  wholly  overhung  by  the 
broad  and  projecting  nasals,  giving  it  at  once  an  undersized 
appearance.  The  rami  are  shallow  and  of  equal  depth  through- 
out; forward  they  are  wholly  in  the  vertical  plane,  but  behind 
the  molar  series  they  diverge  considerably  below.  The  angle 
of  the  ramus  is  not  prominent;  nearly  in  a  vertical  line  above 
this  is  the  condyle.     The  symphysis  is  long  and  narrow.     The 

♦  This  article  is  the  first  of  the  second  series  of  Paleontological  Bulletins  upon 
the  Eocene  fauna  of  Wyoming,  to  be  issued  from  the  £.  M.  Museum  of  Prince- 
ton College. 
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downward  processes  below  the  canine-molar  diastema  are  not 
strongly  marked.     The  molar  series  are  nearly  parallel 

Detailed  description, — The  ramus  swells  for  the  coronoid  pro- 
cess close  to  the  lower  border,  and  immediately  in  front  of  the 
rise  is  the  nearly  straight  molar  series.  The  coronoid  rises  well 
up  into  the  temporal  fossa,  judging  from  its  great  thickness 
below.  Slightly  above  the  plane  of  the  molar  series  are  the 
condyles;  they  are  small,  decidedly  convex,  directed  back- 
ward and  slightly  upward  with  their  transverse  axes  converg- 
inff.  Below  these  the  posterior  border  narrows  and  is  concave, 
thickening  again  into  tne  rough  rounded  angle  which  projects 
slightly  back  of  the  condyles.  The  smooth  lower  border  is 
nearly  straight  from  the  angle  to  below  the  first  premolar,  arch- 
ing but  slightly  downward ;  here  it  both  broadens  and  deepens 
and  interiorly  forms  a  slightly  concave  surface  extending 
toward  the  symphysis,  exteriorly  it  has  a  process  homologous 
to  the  pendant  process  in  Uintatherium.  This  arches  gently 
downward  and  outward,  at  an  angle  probably  coincident  with 
the  projection  of  the  superior  canines ;  when  the  jaws  are  in 
position  it  falls  not  half  an  inch  below  the  deepest  portion  of  the 
rami.  The  downward  processes  in  Loxolophodon  are  then  by 
no  means  a  distinctive  feature  of  the  jaw ;  on  the  contrary  when 
compared  with  U,  (Z>.)  laticeps,  or  when  placed  side  by  side  with 
the  robust  process  of  the  lower  jaw  of  U.  Leidianum  in  the  E. 
M.  Museum,  they  show  a  disparity  in  size,  that  seems  unac- 
countable in  genera  so  closely  allied. 

The  dental  foramen  is  large  and  is  situated  on  a  line  with 
the  molar  series.  The  mental  foramen  is  double  and  placed 
just  beneath  the  canina 

At  the  chin  we  find  the  most  peculiar  modification  of  the 
jaw.  The  processes,  as  seen  from  below,  have  a  more  outward 
than  downward  direction,  forming  at  the  posterior  half  of  the 
symphysis  a  broad,  slightly  concave  floor,  about  six  inches  in 
width ;  below  the  lateral  incisor  they  disappear,  and  the  chin 
narrows  into  a  prow-shaped  keel.  The  inner  margin  of  the 
canine-incisor  alveolus  is  well  raised,  giving. the  series  the  ap- 
pearance of  being  placed  on  the  side  of  the  jaw.  The  alveolus 
IS  highest  at  the  canine,  and  dips  downward  in  front;  this 
would  throw  the  teeth  greatly  out  of  the  horizontal  line,  were 
it  not  that  the  dental  series  increase  rapidly  in  size  forward. 
The  teeth  are  arranged  not  in  a  semicircle,  but  in  converging 
lines  two  and  a  half  inches  apart  at  the  canine  and  in  contact 
at  the  median  incisor;  thus  tne  chin  is  contracted  towards  its 
extremity  above  as  well  as  below.  Between  the  dental  series 
in  front  and  the  high  thin  borders  of  the  diastema  behind  is 
the  deeply  concave  floor  of  the  mouth. 
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Meaawemmts  of  the  lower  Jaw, 

M. 

Extreme  length  from  iDfra-condylar  depression  to  symphysis  •296 

Depth  at  last  molar '08 

Internal  depth  of  jaw  at  posterior  edge  of  symphysis '071 

Thickness  of  jaw  at  angle '014 

"  "        at  first  premolar -036 

The  molar  series  (fi^.  2)  display  three  transverse  crests,  the 
anterior  the  most  prominent,  and  forming  with  the  second  an 
open  angle,  with  tne  apex  directed  inward;  the  posterior  crest 
less  prominent  than  the  other  two,  is  serrate  throughout  the 
series.  A  cingulum,  faint  elsewhere,  is  quite  strongly  devel- 
oped at  the  edges  of  the  third  crest.  Just  beyond  the  inner 
apex  of  the  middle  crest  is  a  large  accessory  tubercle  which  is 
constant  on  the  true  molars  and  last  premolar  inclusive. 

Beginning  the  detailed  description  with  the  last  molar,  for  it 
has  the  characters  of  all  the  others  in  strongest  development, 
we  find  it  is  by  far  the  largest  of  the  series.  The  posterior 
crest  attains  its  greatest  elevation  at  the  center.  The  middle 
crest  marks  two  valleys,  an  anterior  and  a  posterior;  the  latter 
dips  from  a  central  elevation,  corresponding  to  the  highest  part 
of  the  posterior  crest,  to  the  cingulum  on  either  side.  Of  the 
two  valleys  the  anterior,  which  slopes  from  the  apex  strongly 
outward,  is  narrower  but  deeper.  The  anterior  crest  is  nearly 
horizontal,  concave  on  its  forward  surface,  terminating  interi- 
orly in  a  prominent  and  exteriorly  in  a  lesser  tubercle. 

The  second  molar  presents  the  same  characters  as  the  last, 
but  is  greatly  reduced  in  size;  this  disparity  is  more  marked 
here  than  it  is  between  any  two  of  the  other  teeth.  The  first 
molar  is  so  much  more  worn  that  it  fixes  three  as  the  number 
of  true  molars  without  doubt 

In  the  premolar  series  the  anterior  crest  is  relatively  more 
prominent  and  its  terminal  tubercles  become  equal  in  size. 
The  posterior  crest  extends  more  on  the  inner  side  of  the  crown. 
The  third  is  the  only  one  of  the  premolars  on  which  the  tubercle 
beyond  the  apex  is  found.  The  second  and  third  premolars 
have  the  middle  crest  comparatively  lower,  while  in  the  first  it 
rises  to  form  a  continuous  course  with  the  anterior,  giving  a 
crescentic  appearance  to  this  p)rtion  of  the  tooth,  accompanied 
by  a  considerable  elevation  oi  the  outer  marginal  tubercle. 

The  canine  incisor  series, — Owing  to  the  fragmentary  state  of 
the  mandible  of  Loxolophodon  found  by  Professor  Cope  in  the 
Mammoth  Butte  beds  he  was  led  astray  as  to  the  lower  incisors. 
In  his  pamphlet,  **0n  the  Short-Footed  Ungulata,''  (Proc.  Am. 
Phil.  Soc.,  Feb.  21,  1878,)  he  inferred  that  "the  lower  incisors 
must  be  regarded  as  wanting.  This  is  in  conformity  with  the 
structure  of  the  upper  jaw  and  is  rendered  probable  by  the  great 
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reduction  of  the  symphysis  of  the  lower  jaw  in  this  species." 
Professor  Marsh  subsequently  found  the  specimen  of  U.  {D,) 
laticepSj  already  referred  to.  In  this  specimen  the  alveoli  for 
six  lower  incisors  were  found,  but  the  teeth  themselves  were 
unfortunately  wanting;  nevertheless  the  correct  dental  formula 
for  the  Sub-order  was  established. 

The  canines  and  incisors  in  L.  cornutus  are  contiguous  and 
directed  upward  and  forward  at  such  an  angle  that  the  two 
lobes,  larger  and  smaller,  are  on  a  line  and  divide  the  attrition. 
Thej'  are  placed  not  in  a  semicircle  but  in  straight  converging 
lines.     They  decrease  in  size  regularly  backward. 

The  median  incisor  (fig.  8)  consists  of  an  outer  convex  and 
inner  flat  surface.  The  outer  portion  is  divided  by  a  median 
valley  into  two  convex  lobes;  of  these,  the  anterior  is  placed 
higher  upon  the  fang,  is  much  the  larger  and  comes  to  a  pointed 
apex ;  a  section  below  the  apex  would  be  plano-convex,  the  plane 
surface  being  interior.  The  median  valley,  dividing  the  two 
lobes  externally,  rises  from  the  cingulum  and  is  cleft  near  the 
top  by  a  slight  elevation  which  is  possibly  homologous  to  the 
median  crest  of  the  molar  series.  The  posterior  lobe  is  flatter 
externally,  rises  lower  upon  the  fang  and  comes  to  an  obtuse 
point  about  two-thirds  the  height  of  the  anterior.  The  inner 
surface  of  the  tooth  is  nearly  flat,  with  a  slightly  raised  margin ; 
this  throughout,  except  at  the  apices  of  the  two  lobes,  is  faintly 
serrate,  and  is  notched  at  the  summit  of  the  median  valley. 
The  second  incisor  (fig.  4)  is  shorter  and  more  obtuse  than  the 
first  but  larger  than  the  lateral  incisor  or  canine ;  in  it  the 
notches  that  mark  the  upper  margin  are  less  distinct ;  opposite 
the  out6r  convexities  the  inner  surfaces  are  more  concave.  In 
the  lateral  incisor  (fig.  5)  the  median  valley  is  deeper  and  the 
anterior  cleft  is  less  marked,  while  at  the  head  of  the  valley  the 
upper  margin  arches  inward ;  the  posterior  lobe  is  relatively 
higher.  In  the  canine  the  cleft  at  the  head  of  the  valley  has 
disappeared  and  consequently  there  is  a  deep  single  valley ; 
opposed  to  this  is  a  more  pronounced  convexity  of  the  inner 
surface.  The  fangs  throughout  the  series  are  long,  stout,  arch 
forward  slightly,  and  decrease  in  size  with  the  crowns. 

MecLSwementa  of  fhe  Teeth. 

M. 

Entire  length  of  molar  series, »i65 

Length  of  true  molar  series, -094 

Fore  and  aft  diameter  of  last  true  molar, -047 

Transverse  diameter  of  same, .036 

Height  of  crown  of  same, .030 

Fore  and  aft  diameter  of  first  premolar, -023 

Transverse  diameter  of  same, -019 

Height  of  crown  of  same, .022 

Xength  of  canine-inciBor  series, "140 
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M«uuremmt$  of  the  IlseOL 

M. 

Width  of  median  incisor, '016 

Length  of  same, "041 

Height  of  crown  of  same, '087 

Width  of  external  lobe  of  same, "026 

Width  of  internal  lobe  of  same, '016 

Length  of  fang  of  same, '060 

Width  of  canine, 'OlS 

Length  of  same, '036 

Length  of  fang  of  same, '058 

The  entire  dental  series  show  distinctly  two  types  of  struc- 
ture ;  the  molars  are  modelled  after  the  last  true  molar  which  is 
the  most  specialized  of  the  series ;  while  the  median  incisor  is 
the  pattern  for  the  canine-incisor  series. 

Having  now  detailed  the  structural  peculiarities  of  the  lower 
jaw  there  remains  to  be  shown  the  important  bearing  that  it  has 
in  its  general  form  upon  many  of  the  still  unsettled  questions 
concerning  the  habits  and  type-modification  of  the  Loxolopho- 
don  and  allied  genera.  The  undersized  downward  processes 
are  of  value  in  so  far  as  they  fully  confirm  Loxolophodon  as 
independent  genus  from  Uintatherium ;  they  also  show  that  the 
robust  processes  of  Uintatherium  did  not  have  for  their  object 
the  protection  of  the  upper  tusks;  otherwise  they  throw  no 
new  light  upon  the  subject  at  issua  It  is  around  the  canine- 
incisor  series  that  our  interest  chiefly  centers.  Immediately 
the  question  arises  bow  did  these  teeth,  worn  at  their  tips, 
strongly  directed  forward  and  fixed  with  stout  fangs,  meet  the 
upper  jaw  and  how  were  they  of  use  in  feeding.  This  it  seems 
to  us,  finds  a  ready  answer  when  we  turn  our  attention  to  the 
premaxillary  bones;  of  these  Professor  Cope  (Proc.  Am.  Phil. 
Soc,  Feb.  21st,  1873)  says:  "the  premaxillaries  do  not  enclose 
the  very  large  foramen  incisivum  in  front  and  are  therefore 
deeply  furcate.*'  A  careful  examination  of  a  fine  specimen  in 
the  Princeton  Museum  does  not  wholly  confirm  this  statement, 
if  we  understand  it  aright  In  the  posterior  half,  the  premax- 
illaries are  united  by  a  bony  plate,  and  as  the  inner  margin  of 
the  anterior  half  is  not  a  rough  line  indicating  muscular  attach- 
ment but  an  irregularly  broken  edge,  it  is  reasonable  to  infer 
that  between  these  bones  there  was  a  thin  plate  of  true  cartilage 
in  which  ossification  was  certainly  advancing  at  the  sides  if  it 
never  reached  the  center.  These  edentulous  premaxillaries 
probably  supported  a  callous  pad;  if  so  it  is  singular  that  this 
modification  so  characteristic  of  the  Ruminants  should  be  found 
in  this  formidable  aberrant  type,  especially  as  it  has  strong 
perissodactyle  affinities.  Now  as  regards  the  process  of  feed- 
ing, it  is  certain  that,  setting  aside  the  short  necK  and  elevated 
shoulders,  the  extreme  protrusion  of  the  nasals  would  not  per- 
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mit  of  the  action  of  close  cropping,  and  tbis  leaves  the  only 
alternative  that  the  animal  browsed  from  the  tall  reeds  and 
undergrowth  which  accompanied  a  moist  and  tropical  climate. 
These  conjectures,  if  established  by  more  extended  research, 
are  valuable  in  connection  with  the  dispute  regarding  the  pro- 
boscidean characters  of  the  sub-order,  which  occupied  many 
pages  in  vol.  vii  of  the  American  Naturalist,  for  they  do  away 
with  the  necessity  for  a  proboscis,  pointing  rather  to  a  powerful 
prehensile  upper  lip.  It  will  be  understood,  however,  that  no 
more  validity  is  claimed  for  them  than  that  of  mere  hypothesis, 
to  be  strengthened  or  broken  down  by  further  evidence. 

ExpUmation  of  plate. — Fig.  1,  left  lower  ramus  of  L.  comutua.  Fig.  2,  molar 
aeries  of  same.  Fig.  3,  median  incisor.  Fig.  4,  second  incisor.  Fig.  6,  lateral 
indsor.  Fig.  6,  canine.  The  ramus  is  drawn  one-third  natural  size ;  the  remain- 
ing figures  are  two-thirds  natural  size. 


Art.  XXXIX. — Notice  of  recent  Additions  to  the  Marine  Fauna 
of  the  eastern  coast  of  North  America j  No.  4 ;  by  A.  E.  Verrill. 
Jbrief  Contributions  to  Zoology  from  the  Museum  of  Yale  College. 
No.  XLL 

In  the  following  notice  there  will  be  found  descriptions  of 
new  species  of  Hydroids,  belonging  to  the  Plumularidce^  referred 
to  in  the  preceding  number,  but  from  which  they  were  omitted, 
for  lack  of  space.  These  and  other  species  herein  named,  as 
well  as  those  described  in  the  last  number,  form  part  of  the 
extensive  collections  of  marine  Invertebrata,  belonging  to  the 
U.  S.  Commission  of  Fish  and  Fisheries,  which  have  been 
entrusted  to  me  for  examination  and  description,  by  the  Com- 
missioner, Professor  S.  F.  Baird.  In  the  present  notice,  there 
are  also  included  certain  species  which  were  collected  during 
several  special  dredging  expeditions,  undertaken  by  the  author, 
with  Professor  S.  L  Smith  and  others,  in  1864,  1865,  1868, 
1870,  previous  to  the  organization  of  the  Fish  Commission. 

Hydboida. 

Cladocarpus  Povrtalesii^  sp.  nov. 

A  large  species,  forming  a  tall,  unbranched,  secund  plume. 
Hydrocaulus  stout,  compound,  rough ;  the  component  tubes  run 
in  an  irregular  subspiral  course,  and  each  bears  two  rows  of 
nematothecae.  The  pinoae  are  very  numerous,  about  an  inch 
long,  and  arise  alternately,  in  one  line,  along  the  front  of  the 
stem  and  curve  outward  and  upward.  Hydrothecse  about 
twice  as  long  as  broad,  only  slightly  enlarged  toward  the  aper- 
ture, which  has  a  smooth  even  margin  ;    intrathecal  septum 
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conspicuous,  the  free  edge  curled  upward.  Lateral  nem- 
atothecffi  short,  broad,  rising  but  slightly  above  the  margin  of 
the  hydrothecse;  median  nematothecsd  short,  adnate,  except 
close  to  the  end,  rather  more  than  one-third  as  long  as  the 
hydrothecae.  The  gonothecse,  which  are  borne  on  short,  jointed, 
branches  arising  from  the  base  of  the  pinnes,  are  subcalceoli- 
form,  when  seen  in  a  side-view,  but  in  a  front-view  obovate, 
narrowing  to  a  slender  base;  aperture  lunate,  near  the  end,  on 
one  side,  the  lower  lip  sunken  or  incurved.  There  are  one  to 
five  gonothecse  on  each  supporting  branch.  Color,  light  yel- 
lowish. 

Height  of  largest  specimen,  200°*™ ;  length  of  naked  part  of 
stem,  40"*°";  length  of  pinnae,  18  to  22"";  diameter  of  stem,  1-5°™. 

S.  W  from  Cape  Sable,  N.  S.,  112-115  fathoms,  gravel,  1877, 
U.  S.  F.  Com.  Also  taken  on  Banquereau,  N.  S.,  in  800  fath- 
oms, by  the  crew  of  the  schooner  "  Magic,"  Capt  W.  Thompson. 

Cladocarptis  comutus^  sp.  nov. 

Hydroid  subpirinately  branched,  rather  rigid,  with  com- 
pound stemu  The  few  branches  (four  in  one  example)  diverge 
at  a  wide  angle,  and  are  like  the  main  stem.  Pinnad  not 
crowded,  spreading  outward  abruptly,  and  somewhat  bent 
backward,  about  a  third  of  an  inch  long.  Hydrothecae  large, 
somewhat  compressed,  adnate  to  the  stem,  somewhat  triangular 
or  obconic  in  a  side  view,  expanding  from  base  to  rim,  with  a 
conspicuous  median  keel  or  ridge  along  the  front,  which  rises 
into  a  prominent,  lanceolate,  acute  lobe  projecting  considerably 
beyond  the  lateral  borders,  which  are  diviaed  into  about  five, 
often  unequal,  obtuse,  subangular  lobes,  a  small  incurved  lobe 
being  situated  each  side  of  the  base  of  the  large  median  lobe; 
intrathecal  septum  narrow,  situated  near  the  bottom  of  the 
hydrothecae.  Lateral  nematothecae  elongated,  the  ends  free, 
spreading  outward  laterally,  margin  crenulated;  median  ne- 
matothecae short,  narrow,  tapering,  directed  outward,  with  the 
mouth  very  oblique,  and  margin  crenulated,  free  for  about  half 
their  length,  and  not  extending  so  far  as  the  middle  of  the 
hydrotheca.  Each  joint  of  the  pinnae  is  divided  internally  into 
five  or  six  compartments  by  transverse  septa.  Gonothecae 
swollen,  obovate,  oorne  on  the  mid-rib  of  the  main  stem  and 
principal  branches,  at  the  bases  of  short,  jointed,  special  pro- 
tective branchlets,  either  simple  or  forked,  many  of  which  have 
a  single  hydrotheca,  of  the  ordinary  form,  on  the  last  joint,  but 
only  nematothecae  on  the  others.     l)ark  horn-color. 

Height,  70™";  length  of  longest  branch,  20"*™;  length  of 
longest  pinnae,  8  to  9"". 

Oif  Sable  Island,  N.  S.,  on  Banquereau,  in  about  200  fathoma 
Obtained  by  the  crew  of  the  schooner  "Marion,*'  Capt.  J.  W. 
Collins,  Sept.  12,  1878,  and  preserved  by  Mr.  Newcomb. 
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ClcMhearpus  speciosuSy  sp.  nov. 

Our  single  specimen  is  small,  unbranched,  without  gono- 
phores.  Stem  compound.  Pinnae  slender,  not  crowded,  spread- 
ing at  a  wide  angle.  Hjdrothecse  rather  short,  slightly  eam- 
panulate,  in  a  side  view  the  breadth  of  the  aperture  is  equal  to 
two-thirds  the  depth;  a  faint  median  ridge  on  the  front;  the 
margin  is  divided  rather  regularly  into  about  eleven  or  thirteen, 
moderate  sized,  subacute  teeth,  the  outer  median  tooth,  and 
that  next  to  it,  on  each  side,  a  little  longer  than  the  rest ;  intra- 
thecal septum  well-developed,  near  the  bottom ;  lateral  nema- 
tothecae  short,  swollen  in  the  middle,  narrowed  to  the  aperture, 
margin  crenulated;  median  nematothecae  short,  adnate,  except 
at  the  end,  where  the  oblique  aperture  faces  the  hydrotheca, 
margin  crenulated 

Height,  26"*°^;  length  of  pinnae,  10"". 

Banquereau,  ofif  Sable  Island,  N.  S.,  in  about  200  fathoms, 
with  the  preceding  species. 

MOLLUSCA. 

Cingvla  Jan-Mayeni  nob. 

Rissoa  Jan-Mayeni  Friele,  Njt  Mag.  for  Naturridensk.,  18*7  7,  Jan-Majen  Mol- 
lusca,  (author's  copies,  p.  4,  figs.  4  a,  b.) 

Several  specimens  of  this  species  were  sent  to  me  by  Mr. 
J.  F.  Whiteaves,  who  dredged  them  in  1878,  in  the  Gulf  of  St 
Lawrence,  200  fathoms,  mud.  It  is  recorded  as  from  70  to  800 
fathoms,  off  Greenland,  by  Friele.  It  is  allied  to  C,  aienaria 
Migh.  (=i?.  scrobiculatata  Moll.)  and  to  C,  carinaia  Mighels,  but  is 
a  larger  and  stouter  species  than  either  of  these,  with  stronger 
sculpture  and  more  angular  and  shouldered  whorls.  The  color 
is  dark  chestnut-brown.  There  are,  in  our  specimens,  four 
strong  revolving  ridges  on  the  last  whorl ;  the  upper  one  nod- 
ulous ;  the  lowest^  stout,  basal ;  about  fourteen  transverse  sub- 
sutural  costae,  extend  to  and  join  the  first  revolving  ridge,  giving 
rise  to  the  small  tubercles.  On  the  spire  only  two  spiral  lines 
are  visible.     Length,  4"»™;  breadth,  2-5'»™. 

Cingvla  areolcUa  nob. 

Ihirritdia  areokUa  Stimp.,  Shells  of  New  England,  p.  36,  1851. 

This  species,  which  has  long  been  lost  sight  of,  and  even 
omitted  from  Binney's  Gould,  I  have  recently  rediscovered 
among  small  shells  dredged  at  Mt  Desert  Island,  coast  of  Maine, 
about  1860,  by  the  late  Professor  Wm.  C.  Cleveland,  and  also 
among  the  shells  from  the  Gulf  of  St  Lawrence,  sent  by  Mr. 
J.  F.  Whiteaves,  who  dredged  it  in  ninety-six  fathoms,  in 
Trinity  Bay.  It  is  allied  to  C  carinata  Mighels,  but  is  a  more 
delicate,  longer,  and  more  pointed  shell,  translucent,  and  nearly 
Am.  Joub.  Sci.— Third  Srribs,  Vol.  XVII.— No.  100,  Apkil,  1879. 
21 
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white  in  color,  and  has  a  smooth  base.  It  somewhat  resembles 
a  miuute  Scalaria.  The  six  whorls  are  well-rounded,  with  deep 
sutures ;  the  last  whorl  has  four  or  five  delicate  revolving  ridges, 
around  the  middle,  but  none  on  the  base ;  the  numerous  and 
regular  subsutural  ribs  cross  two  or  more  of  the  revolving  ridges. 
The  aperture  is  slightly  angular  and  effuse  in  front,  or  some- 
times even  slightly  notched.  The  inner  lip  is  scarcely  contin- 
uous posteriorly,  or  represented  only  by  a  very  thin  deposit  on 
the  body-whorl ;  no  umbilicus.  An  examination  of  the  soft 
parts  ana  of  the  dentition  shows  that  this  is  a  genuine  Bissoa, 
(as  understood  by  Jeffreys  and  others,  in  the  wider  sense). 
But  it  seems  to  me  better  to  adopt  the  name  Cingula,  as  re- 
stricted by  Gould,  in  1841,  for  those  species,  mostly  northern, 
which  lack  the  opercular  cirrus,  and  wnich,  also,  usually  have 
thin  shells,  with  no  distinct  rib  on  the  outer  lip.  To  this  group 
belong  nearly  all  our  other  New  England  species,  viz :  C.  aciUetis 
Gld.,  C,  muliilineata  (St.),  C.  castanea  (Moll.),  C,  arenaria  M.  (=/2. 
exaraia  St),  C.  carinala  M.,  C.  laiior  M.,  0,  alobulus  (Moll.). 
No  true  Rissoa  has  yet  been  found  on  the  Northeastern  coast  of 
America. 

Cingula  castanea  nob.,  (:=zItis8oa  castanea  Mdller). 

This  species  I  have  dredged  at  Eastport,  Me.  (1864\  Pro- 
fessor Cleveland  took  it  at  Mt.  Desert,  Me. ;  and  Mr.  Wbiteaves 
in  the  Gulf  of  St.  Lawrence.     It  is  sometimes  white. 

Aciraa  costulata  nob.,  {zzzTurriteUa  costulata  Mighels,  1841). 

The  species,  very  well  described  and  figured  by  Miffhels,  is 
undoubtedly  identical  with  A,  borealis  Beck,  MSS.,  and  A.  Es- 
chrichtii  (Moll.  1842)  of  authors.  The  name  given  by  Mighels 
appears  to  have  priority  of  publication.  It  is  not  uncommon 
off  the  coast  of  Maine,  in  10  to  90  fathoms. 

Leptochiton  alveolus  (Sars)  Lov6n. 

Mr.  W.  H.  Dall  has  detected  this  species  among  specimens 
dredged  in  the  Gulf  of  Maine,  in  150  fathoms,  by  Dr.  A.  S. 
Packard,  for  the  U.  S.  Fish  Commission,  on  the  "Bache,*'  in 
1872.  He  also  informs  me  that  he  has  received  it  from  the 
Gulf  of  St  Lawrence,  220  fath.,  (Coll.  Whiteaves). 

Leptochiton  canceUatus  (Sby.)  H.  &  A.  Adams. 

Mr.  Dall  has  identified,  as  probably  of  this  species,  an  imma- 
ture specimen  dredged  by  me,  in  1877,  off  Halifax,  N.  S.,  in 
95  fath.,  while  on  the  U.  S.  Fish  Commission. 

Doris  repanda  Alder  and  Hancock,  (:=2>.  plantUata  Stimpson). 

A  critical  examination  of  the  dentition  of  this  species  shows 
that  the  American  specimens  are  perfectly  identical  with  the 
European. 
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Aeanthodoris  omcUa  Verrill,  sp.  nov. 

Length  about  1  inch,  or  26"»» ;  breadth  S"™.  Body  elongated, 
high  at  the  sides,  somewhat  oblong ;  but  narrower  and  obtusely 
rounded  behind,  extending  much  beyond  the  mantle;  mantle 
much  smaller  than  foot,  broadly  rounded  in  front,  and  expanded 
into  rounded  anterolateral  angles,  narrowed  and  often  incurved 
in  middle  and  again  expanded  opposite  the  gills,  covered  with 
small,  conical  papillae,  except  on  a  smooth  area  on  the  middle 
of  the  back,  extending  from  the  gills  to  the  tentacles.  Frontal 
veil  broad,  angular,  with  four  distinct,  but  small,  papilliform 
processes,  two  directed  forward  and  two  at  the  prominent  outer 
angles.  Dorsal  tentacles  long,  slender,  tapered  at  the  end,  length, 
nearly  equal  to  breadth  of  body  (G"*"),  the  lower  half  smooth, 
the  distal  half  with  about  sixteen  strong  lamellae,  and  a  terminal 
rounded  papilla;  sheaths  rudimentary,  with  very  small  papillae. 
Oills  eight,  large,  broad,  in  expansion  exceeding  the  breaath  of 
the  boiiy,  bipinnate,  finely  divided,  the  two  posterior  ones 
smaller,  all  united  by  a  basal  web ;  anal  area  smooth.  Color, 
translucent  yellowish  flesh-color,  specked  with  yellow  and 
brown  ;  bases  of  papillae  surrounded  oy  brown  ;  dorsal  smooth 
area  brownish  (due  to  viscera) ;  gills  pale  flesh-color,  with  flake- 
white  at  their  bases ;  tentacles  pale,  their  lamellae  brownish 
yellow.     (Description  from  living  specimen). 

Eastport,  Ma,  at  low  water,  Aug.  19,  1872.  Collected  by 
the  writer  while  with  the  U.  S.  Fish  Commission.  Drawings 
were  made  by  Mr.  Emerton,  and  the  writer. 

Allied  to  iJoria  (Acantiiodoris)  subquadraia  Alder  and  Hancock. 

Aca7ithodori8  steUata  nob.,  {zzDorU  steUata  Gmelin.) 

Ihris  (Actmihodoria)  pUosa  Alder  and  Hancock,  Plate  15,  figs.  1-10  (mm  Doris 

pOoea  MQlter). 
Ihrit  bi/ida  yerrill,  this  Journal,  voL  1,  p.  406.    (Yariety). 

Typical  specimens  of  this  species  have  been  repeatedly  col- 
lected- and  carefully  examined  by  me,  from  various  parts  of  the 
New  England  coast  (New  Haven  to  Eastport,  Me.),  and  agree 

Eirfectly   with  the   figures  and    descriptions   by   Alder  and 
ancock,  except  that  the  white  stellate  markings  on  the  gills 
are  usually  absent.     My  Doris  bifida  is  only  a  color-variety. 

Acanthodoris  citrina  sp.  nov. 

At  Eastport,  Me.,  I  have  observed  a  more  distinct  form,  prob- 
ably a  new  species.  In  this  the  body  is  more  depressed  and 
elongated,  elliptical ;  the  frontal  veil  is  crescent-shaped,  with 
the  angles  much  produced,  and  with  two,  more  prominent, 
tentacular  papillae  in  front.  Mantle  covered  with  small,  soft, 
conical,  acute,  yellow  papillae,  with  yellow  granules  between 
them.  Branchiae  nine,  broad,  bipinnate  and  tripinnate,  in  ex- 
pansion nearly  reaching  the  sides  of  body,  the  two  posterior 
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small,  all  united  beneath  by  a  short  web.  C!olor,  pale  lemon - 
yellow,  specked  with  bright  yellow ;  gills  yellow ;  tentacles  and 
edge  of  mantle  orange.     Length  25°^ ;  breadth  8  to  10™". 

AdaJaria  proxima  Bergh,  (znDoris  proxima  Alder  and  Han.) 

Specimens  of  this  species  were  collected  at  Eastport,  Me.,  by 
the  writer  and  Professor  S.  L  Smith,  in  1864,  and  also  in  subse- 
quent years.  They  agree  perfectly,  both  in  external  characters 
and  dentition,  with  the  English  specimens. 

Onchidoris  muricata  (Muller).     H.  and  A.  Adams. 

Specimens,  apparently  identical  with  this  species,  were  ob- 
tained at  Eastport,  Me.,  with  the  preceding. 

Onchidoris  diaphana  (Alder  and  Han.) 

Not  uncommon  at  Eastport,  Me.,  where  I  obtained  it  in  1864, 
'68,  70,  at  low-water,  under  stones. 

CorypheUa  rutUa^  sp.  nov. 

A  large,  brilliantly  colored  species,  remarkable  for  the  small 
size  of  the  head.  Foot  broad,  pointed,  but  not  much  elongated 
posteriorly ;  auricles  very  long,  often  egual  to  breadth  of  foot, 
slender,  acute,  with  a  fold  or  groove  in  front.  Head  small, 
rounded,  often  emarginate  in  front,  with  the  mouth  large  and 
subterminal.  Oral  tentacles  arising  from  sides  of  head,  slender, 
elongated,  tapering,  slightlv  wrinkled ;  dorsal  tentacles  slightly 
stouter  and  longer,  wrinkled,  arising  near  together;  eyes 
not  observed.  Branchiae  numerous,  long,  rather  slender, 
slightly  fusiform,  arranged  in  eight  to  ten,  usually  well-separated, 
transverse  clusters,  mostly  of  two  rows  each,  usually  six  to 
eight  in  each  row ;  anteriorly  the  clusters  become  more 
crowded.  Color,  yellowish  white,  translucent ;  branchiae  with 
a  bright  vermilion  nucleus,  the  tips,  for  some  distance,  flake- 
white;  dorsal  tentacles  pale  yellowish,  usually  tipped  with 
white.  Length,  48"»";  breadth,  7°*";  dorsal  tentacles,  10"°"; 
oral,  9™ ;  branchiae,  9-6°™. 

Eastport,  Me.,  1864,  1868,  1872,  found  at  low-water,  some- 
times under  stones,  but  often  entirely  exposed,  creeping  over 
algae.    It  is  allied  to  JSolis  pellucida  Alder  and  Hancock. 

Cuthona  Stimpsoniy  sp.  nov. 

A  species  of  Oicthona,  allied  to  C.  Peachii  Aid.  and  Han.,  is 
not  uncommon  at  Eastport,  Me.,  where  I  have  observed  it  in 
1865,  '68,  70  and  72.  The  tentacles  of  both  pairs  appear  to 
be  longer  than  in  the  English  species,  and  the  head  to  be  more 
produced  laterally.  The  foot  is  broad,  not  very  acute  nor  slen- 
der posteriorly;  auricles  small,  short,  triangular,  often  directed 
backward.     The  head  is  large,  iDroad,  rounded  in  front,  with  dis- 
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tinct  rounded  lateral  lobes.  Tentacles  slender,  slightly  wrink- 
led ;  brancbiad  numerous,  crowded,  fusiform.  Color,  yellowish 
white,  with  a  flake-white  line  on  the  upper  side  of  foot,  posteri- 
orly ;  tentacles  tinged  with  salmon,  with  flake-white  specks  or 
a  streak,  distally ;  oranchisB  with  salmon,  yellowish  brown,  red- 
dish brown,  or  purplish  nucleus,  and  specked  at  the  end  with 
flake -white,  which  sometimes  forms  a  ring,  near  the  tip. 
Length,  10  to  82°»". 


Art.  XL. — On  tfie  Presence  of  Chlorine  in  Scapolites ;  by  Frank 
D.  Adams.  Contributions  from  Vie  Laboratory  of  the  Shef- 
field Scientific  School     No.  LIV. 

In  the  present  paper  I  wish  to  call  the  attention  of  mineralo- 
gists to  a  fact  which  appears  to  have  been  hitherto  almost  en- 
tirely overlooked,  namely,  the  presence  of  chlorine  in  minerals 
of  the  scapolite  family.  In  a  paper  which  appeared  in  the  An- 
nalen  der  Cheinie  una  Pharmacie,  xlvi,  p.  840,  1848,  Dr.  Carl 
Schafhautl  details  the  results  of  his  examination  of  ^^Porzel- 
lanspath."  It  was  called  passauite  by  Naumann,  and  classed  in 
Dana's  Mineralogy  as  an  altered  ekebergita  The  mineral  was 
first  analyzed  and  made  a  distinct  species  by  Fuchs,  who,  in 
his  Mineralogy,  published  in  1842,  assigns  to  it  the  formula 
4SlSi-f40a5i  +  €lNm 

which  requires  7'83  per  cent  of  sodium  chloride.  He,  however, 
supports  the  formula  by  no  analyses.  Dr.  Schafhautl  employed 
several  methods  in  determining  the  chlorine.  In  one,  the  pow- 
dered mineral  was  heated  in  a  retort  with  concentrated  sulphuric 
acid  and  the  distillate  caught  in  a  tube  containing  silver  nitrate. 
This  method  required  care,  but  gave  good  results.  He  then 
tried  fusion  with  barium  carbonate,  or  sodium  carbonate.  Only 
a  little  chlorine  was  found  when  a  red  heat  was  employed,  and 
none  at  all  when  a  white  heat  was  given.  But  a  satisfactory 
result  was  obtained  by  fusing  with  barium  carbonate  in  a  very 
thin  platinum  crucible,  some  of  the  carbonate  being  placed  on 
top  of  the  mixture,  and  the  heat  supplied  by  a  Fuchs  spirit 
lamp.  The  quantity  of  chlorine  in  the  mineral  was  found  to  be 
'924  per  cent,  an  amount  just  sufficient  to  saturate  the  potassium 
present     From  his  analysis  he  deduced  the  following  formula : 

4(Al,03,SiO,)+|^(S;*0%''/^[+iK«« 

This  analysis  of  Dr.  Schafhautl's  is  the  only  one  in  the  lists 
of  analyses  of  scapolites  given  in  Dana's  Mineralogy,  in  which 
chlorine  is  mentioned  as  one  of  the  constituents. 
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This  winter  a  duplicate  analysis  of  a  scapolite  from  lot  18  of 
the  8th  concession  of  the  township  of  Ripon,  Quebec,  was  made 
by  the  writer,  but  it  fell  short  of  100  by  several  per  cent  Think- 
ing that  a  loss  must  have  been  incurred  at  some  step  in  the  pro- 
cess, the  analysis  was  repeated,  but  the  results  were  much  the 
same.  The  mineral  was  then  tested  for  fluorine  by  the  method 
described  in  Fresenius'  Qual.  Anal.,  p.  218,  7,  but  none  was 
found.  It  was  noticed,  however,  that  by  heating  the  powdered 
mineral  alone  in  a  platinum  crucible,  a  heavy  sublimate  was 
obtained  which  collected  in  a  drop  on  the  cover  of  the  crucible. 
This  sublimate  was  soluble  in  water,  the  solution  gave  a  pre- 
cipitate with  silver  nitrate  and  also  one  with  barium  chloride, 
thus  showing  the  presence  of  chlorine  and  sulphuric  acid  in  the 
mineral.  A  complete  analysis  of  the  mineral  was  again  made 
in  duplicate;  this  time  the  chlorine  and  sulphuric  acid  were 
determined,  and  it  was  found  to  sum  up  satisfactorily.  The 
scapolite  occurs  in  veins  varying  in  width  from  a  few  inches 
to  a  foot  It  is  associated  with  blackish  mica,  green  horn- 
blende, colorless  quartz,  reddish  calcite,  green  apatite,  black 
tourmaline,  and  frequently  incloses  small  crystals  of  brownish 
sphene.  The  opening  from  which  the  specimens  were  taken  was 
made  in  search  of  apatite,  which  occurs  in  the  vicinity  both  in 
crystals  associated  with  blackish  mica  and  reddish  calcite,  and 
also  in  the  finely  granular  form  known  to  the  miners  as  "sugar 
phosphate.'*  A  portion  of  one  of  the  apatite  crystals  was  ex- 
amined and  found  to  contain  chlorina  The  color  of  the 
mineral  is  white,  sometimes  ffreenish-white. 

The  scapolite  occurs  in  ratner  large  crystals,  the  exterior  por- 
tions of  wnich  are  evidently  somewhat  decomposed,  while  the 
interior  is  apparently  unchanged.  It  fuses  with  intumescence 
at  about  8.  The  lustre  of  the  undecomposed  mineral  on  the 
basal  surface  of  fracture  is  sub-vitreous,  but  elsewhere  there  is 
little  lustre.  The  only  cleavage  observed  was  paralled  to  the 
lateral  faces,  which  are  deeply  striated.  Specific  gravity  of 
three  specimens  was  as  follows:  —  2*605,  2*664,  2*626.  A 
portion  having  the  strongest  vitreous  lustre  was  selected  for 
analysis.  A  section  made  from  a  fragment  of  this  was  submit- 
ted to  a  microscopic  examination  by  Mr.  Hawes,  who  judged 
that  the  impurities  were  not  present  in  sufficient  quantity  to 
cause  any  error  in  conclusions  drawn  from  the  results  of  analy- 
sis.* The  chlorine  and  sulphuric  acid  were  determined  by 
fusing  with  sodium  carbonate,  and  after  digesting  the  fused 
mass  with  water,  acidifying  with  nitric  acid  and  precipitating 
the  chlorine  by  silver  nitrate.  The  excess  of  silver  in  the 
filtrate  was  then  separated  by  hydrochloric  acid,  filtered  off, 

*  Minute  quantities  of  orthoclase  and  calcite  were  obeerved.  No  disengage- 
ment of  carbon  dioxide  could  be  perceived  when  the  powdered  mineral  was 
trcMited  with  hjdroohlorio  acid. 
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and  the  sulphuric  acid  precipitated  in  the  filtrate  by  barium 
chloride.  Since  as  before  mentioned  alkaline  chlorides  are  lost 
by  igniting  the  mineral  strongly,  the  elongated  slightly  conical 
crucible  designed  by  Dr.  Smith  for  his  alkali  determinations, 
was  made  use  of  in  estimating  the  water.  The  mineral  was 
dried  over  sulphuric  acid  in  a  platinum  boat,  introduced  into 
this  crucible  and  kept  at  a  bright  red  heat  over  a  fish-tail 
Bunsen  lamp  until  it  ceased  to  lose  weight  The  flame  of  a 
Bunsen  lamp  was  occasionally  passed  across  the  mouth  of  the 
crucible  but  no  yellow  coloration  was  imparted  to  it,  and  on 
rinsing  out  the  crucible  with  distilled  water  only  a  trace  of 
chloride  was  found  in  solution.  The  remaining  constituents 
were  determined  in  the  usual  way. 
The  results  of  the  analyses  are  as  follows : 


I. 

II. 

Memn. 

SiO, 

64-859 

64-868 

64-8&9 

AUO, 

22128 

22-769 

22-448 

Fe,0, 

•486 

•486 

-48rf^ 

CaO 

9-164 

9020 

9-092 

MgO 

trace. 

trace. 

trace. 

K,0 

1-241 

1-013 

1-127 

Ka,0 

8-368 

8-373 

8-365 

a 

(2-473)  2-485 

2-276 

}  2-411 

SO, 

•82i 

•770 

-796 

H,0  (comb.) 

-143 

•139 

-141 

HaO  (hygr.) 

-722 

•723 

-722 

100-409 

100^427 

100-447 

Deduction  for  0  replaced  by  CI, 

-69 

•59 

-69 

99-819       99-837       99-857 


Assuming  chlorine  and  sulphuric  acid  to  be  combined  with 
sodium,  the  atomic  and  quantivalent  ratios  calculated  &om  the 
mean  of  the  above  analyses,  are : 


QnantlTftlent. 


Si 

914x4 

Al 

438x3 

Fe 

006x3 

Ca 

162x2 

Na 

206 

K 

024 

Naa 

068 

Na,S04 

010 

H,0 

032 

3656  3666 

1314  1 

18  I 
324  324  V  1886 


\ 

06) 
24^ 


206 


Excluding  NaCl  and  Na,SO^,  the  quantivalent  ratio  for 
basic  elements  and  silicon  is  1886  :  8656=1  :  1*94,  approxi- 
mately that  required  by  a  bisilicate  (1 :  2).  It  is  therefore  more 
acidic  than  any  of  the  members  of  the  scapolite  family  with 
the  exception  of  dipyre  and  marialite. 

As  many  of  the  analyses  given  in  Dana^s  Mineralogy  foot  up 
to  less  than  100,  some  of  them  being  as  low  as  97  and  98,  it 
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was  thought  that  the  deficiency  might  be  due  to  chlorine, 
which  had  been  overlooked  in  the  analyses.  Accordingly  four- 
teen specimens  of  scapolite,  from  ciiflferent  localities,  were 
selected  and  examined  for  this  element.  It  was  found  in  every 
case,  though  in  some  of  them  the  amount  present  was  small. 
They  were  tested  by  heating  some  of  the  finely  pulverized 
mineral  to  whiteness  in  a  platinum  crucible,  by  means  of  a 
powerful  blast  lamp,  the  flame  being  slanted  so  as  not  to  heat 
the  upper  portion  of  the  crucible  more  than  necessary.  The 
sublimate  obtained  on  the  cover  was  dissolved  in  water  and  the 
usual  tests  applied.  In  the  following  table  the  percentage  re- 
sults of  the  examination  of  the  scapolites  are  tabulated.  A  dash 
indicates  that  the  constituent  referred  to  has  not  been  tested  for. 


Chlorine. 

Solphnrlc 
Acid. 

Lorn  on  fgnltloii  1 
aredhMt. 

Carbonic 
Acid. 

(Jouverneur,  N.  T. 

01.  pres. 

None. 

Lewis  C*,  N.  Y. 

it      (i 

EdenyiUe,  Orange  Co.,  N.  Y. 

t{       a 



CO,  pres. 

Monroe,  Oonn. 

t{       a 

Bolton,  Mass.,  (Pink  scap.) 

U           l( 

00,  pres. 

"          "      (Whitish  »•  ) 

i(       II 

it      ii 

Pierrepoint,  N.  Y. 

ti       it 

H,804  pres. 

Meionite,  Mt  Somma,  Italj. 

U          it 

a           a 

Arendal,  Norway. 

II       %i 

a           a 

00,  pres. 

Malsjo,  Wennland,  Sweden. 

a       a 

a           a 

a        a 

Templetou    (21st  lot    of) 
1 2th  range)  Queb.,  mas-  • 

u       a 

a           a 

a        a 

sive  and  banded. 

Bipon  ( 1  :Uh  lot  of  8th  range) 

Quebec.     High  lustre. 

2-411 

•796  (SO,) 

•722 

None. 

Ripon  (13thlotof  8th  range) 

Quebec.    Less  lustre. 

1-468 

1-496 

00,1^68. 

Ripon  ( 1 3th  lot  of  8th  range) 

Quebec.    Less  lustre. 

2-011 

a        II 

Hull  (8th  lot  of  14th  range) 

Quebea 

•2026 

HaSO*  pres. 

a        a 

Trumbull,  Conn. 

(f)  1-783 

-337 

None. 

Eokken,     near    Erageroe, 

Norway. 

2013 

HjSOi  pres. 

(1)  1-903 

00,  pres. 

Passauite,    Passau  (Schaf- 

hautl.) 

•924 

1-2  (water) 

Dr.  B.  J.  Harrington  informs  me  that  he  has  found  chlorine 
in  other  scapolites  from  the  township  of  Templeton,  Quebec, 
both  in  crystallized  and  massive  specimens,  though  he  has  not 
determined  the  amount  present  When  the  mineral  contains 
only  a  small  quantity  of  chlorine,  as  in  the  cases  of  the  specimens 
from  Arendal,  Malsjo  and  Templeton,  it  cannot  be  detected 
with  certainty  by  igniting  the  mineral,  but  it  is  easily  found  by 
Rose's  method,  which  will  be  mentioned  farther  on.  In  order 
to  ascertain  what  quantity  of  chlorine  must  be  present  in  the 
mineral  to  be  detected  by  the  ignition  test,  the  scapolite  from 
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Hull,  which  gives  off  only  a  trace  on  ignition,  was  examined  by 
Bose^s  method  and  found  to  contain  ^02  per  cent  of  chlorine. 
It  is  therefore  probable  that  those  specimens,  whose  sublimate 
gave  a  distinct  precipitate  with  silver  nitrate  contained  above 
that  amount  In  every  case  in  which  the  sublimate  was  tested 
with  barium  chloride,  a  white  precipitate  was  obtained.  In  the 
scapolite  from  Eipon  this  was  due  to  sulphuric  acid  contained 
in  the  mineral,  but  in  other  cases  it  may  possibly  have  been 
due  to  fluorine.  The  blue  sodalite  occurring  at  Litchfield, 
Me.,  loses  alkaline  chlorides  when  ignited,  in  the  same  manner 
as  the  scapolites.  The  sublimate  contains  a  trace  of  sulphuric 
acid  in  addition  to  the  chlorine.  A  specimen  of  wilsonite, 
from  Bathurst,  Ont.,  when  subjected  to  the  same  test,  gave  no 
sublimate,  but  another  specimen  of  the  same  mineral  from  the 
fifth  lot  of  the  tenth  range  of  Hull,  Quebec,  gave  a  slight  subli- 
mate which  contained  a  trace  of  sulphuric  acid,  but  no  chlorine. 
The  meionite  mentioned  in  the  table  gave  a  comparatively 
heavy  sublimate. 

Dr.  Schafhautl,  in  his  paper  referred  to  above,  states  that  his 
"  Porzellanspath  "  lost  all  its  chlorine  when  fused  with  sodium 
carbonate  at  a  white  heat,  and  that  only  a  trace  remained  if  a 
red  heat  was  employed.  In  order  to  ascertain  whether  my 
analysis  was  defiicient  on  this  account,  I  determined  the  chlorine 
in  a  white  scapolite  from  Trumbull,  Conn.,  both  by  fusing  it 
with  sodium  carbonate,  over  a  powerful  circular  Bunsen  lamp, 
and  also  by  Eose's  method.  This  method  consists  in  decom- 
posing the  mineral  in  the  cold  by  hydrofluoric  acid  in  the 
presence  of  weak  nitric  acid.  The  calcium  fluoride  is  filtered 
off,  and  the  chlorine  determined  in  the  filtrate  by  precipitating 
with  silver  nitrate.     The  results  were  as  follows : — 

By  decomposition  with  hydrofluoric  acid 1'824  per  cent. 

By  fusion  with  sodium  carbonate 1  'VSO       " 

Difference -068 

The  loss  is  therefore  very  small  The  scapolite  from  Ripon  is 
not  easily  decomposed  by  sulphuric  acid.  In  an  experiment 
conducted  by  Mr.  Comstock  in  this  laboratory,  two  grams  of 
the  finely  pulverized  mineral  were  treated  with  concentrated 
sulphuric  acid  for  three  hours  and  a  half  at  a  temperature  be- 
tween 160®  and  200°  C,  but  only  a  trace  of  chlorine  was  given 
off.  Dr.  Schafhautl  also  states  that  at  a  red  heat  every  trace  of 
chlorine  was  expelled  from  his  mineral,  and  that  some  of  the 
chlorides  were  aissolved  out  by  water.  That  such  is  not  the 
case  with  all  scapolitesi  is  seen  from  the  following  experiments 
conducted  on  the  same  material  from  Eipon  :  -87  of  a  gram  was 
heated  to  intense  whiteness  in  a  platinum  crucible  and  fused 
down  to  a  transparent,  colorless,  vesicular  mass.     It  lost  5*178 
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per  cent,  but  the  residue  gave  a  heavy  precipitate  with  silver 
nitrate  when  examined  by  Rose's  method.  It  was  found  that 
only  a  very  small  quantity  of  the  chlorides  escaped  at  a  high 
red  heat,  a  white  heat  being  required  to  expel  them  in  large 
quantity,  although  even  at  that  temperature  some  remain  as 
proved  by  the  last  experiment  About  half  a  gram  of  the 
finely  powdered  mineral  was  treated  with  cold  distilled  water 
for  about  forty-five  hours,  but  not  a  trace  of  the  chlorides 
went  into  solution.  The  scapolites  mentioned  in  the  table, 
which  contain  the  highest  percentage  of  chlorine,  are  generally 
sound  and  undecomposed.  Two  specimens  of  the  Ripon  min- 
eral, with  little  or  no  luster,  were  found  to  contain  less  chlorine 
than  an  undecomposed  specimen  with  a  high  lustre.  Fuchs 
states  that  the  **  Porzellanspath,"  examined  by  him,  lost  a  por- 
tion of  its  chlorides  on  decomposition.  The  specimen  from 
Hull,  which  contained  only  "202  per  cent,  was  almost  entirely 
devoid  of  lustre  and  contained  carbon  dioxide.  It  is  therefore 
highly  probable  that  chlorine  is  lost,  and  not  gained  by  the 
decomposition  of  the  scapolite  minerals. 

It  is  possible  that  in  some  cases  at  least  the  failure  of  scapo- 
lites to  give  a  good  formula,  may  be  due  to  the  fact  that  suffi- 
cient alkali  to  combine  with  the  undetermined  chlorine  present 
has  not  been  deducted  before  attempting  to  deduce  the  formula. 

My  best  thanks  are  due  to  Professor  Allen,  who  has  kindly 
directed  this  investigation. 


SCIENTIFIC    INTELLIGENCE. 

I.  Physics. 

1.  On  the  Formation  of  Mountains  and  the  Secular  Cooling 
of  the  Earth;  by  G.  H.  Darwin.— The  letters  of  Mr.  Wallace 
and  Mr.  Fisher  in  Nature,  vol.  xix,  pp.  121,  172,  244,  267,  raise 
the  question  as  to  whether  or  not  it  is  possible  that  the  interior  of 
the  earth  can  be  cooling  more  rapidly  than  the  exterior.  The 
following  is  an  attempt  to  answer  the  query  as  to  where  the  loss 
of  temperature  per  unit  of  time  is  greatest. 

Sir  W.  Thomson  (see  Thomson  and  Tait,  «  Nat.  Phil.,*'  App.  D) 
considers  the  cooline  of  ^'  a  solid  extending  to  infinity  in  all  direc- 
tions, on  the  supposition  that  at  an  initial  epoch  the  temperature 
has  had  two  different  constant  values  on  the  two  sides  of  a  certain 
infinite  plane."    The  solution  given  is — 

2F 


2  V      /* 


where  k  denotes  the  conductivity  of  the  solid,  measured  in  terms 
of  the  thermal  capacity  of  the  unit  of  bulk;  Fj  half  the  difference 
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of  the  two  iDitial  temperatures :  r^,,  their  arithmetical  mean :  t^  the 
time ;  x,  the  distance  of  any  point  from  the  middle  plane ;  v,  the 
temperature  of  the  point  x  at  time  U 

The  above  solution  shows  that  for  all  values  of  the  time  when 
a;=0,  t7  =  t7o,  so  that  the  temperature  at  the  medial  plane  is 
constant. 

Then  differentiating  v  with  regard  to  the  time  we  have — 

lU^  2ts/{n1c)  "^ 

This  expression  is  that  required  for  the  rate  of  cooling.  We  now 
wish  to  find  where  it  is  a  maximum.  Consider  the  function 
ze~**  ;  this  is  clearly  a  maximum  when  log  2-2*  is  a  maximum, 

and  by  the  ordinary  rules  this  is  a  maximum  when  _=  22,  or 

dv 
when  z^=  J-.     Hence  it  follows  that  — "^^^^  ^^^  maximum  value 

where  {c*=2M  Now  when  the  unit  of  length  is  a  foot  and  of 
time  a  year,  k  =:  400 ;  hence  x  =  \/800^. 

This  formula  shows  that  the  seat  of  the  maximum  rate  of  cool- 
ing moves  inward  as  the  time  increases.  If  the  time  which  has 
elapsed  from  the  initial  state  be  two  hundred  million  years,  or 
<  =  2X10*,  we  have  35=400,000  feet,  or  a  little  less  than  eighty 
miles. 

Sir  W.  Thomson  shows,  in  his  paper  on  the  Secular  Cooling  of 
the  Earth,  that  the  solution  of  his  ideal  problem  will  be  very 
nearly  correct  for  the  case  of  the  earth,  which  is  supposed  to  be  a 
hot  sphere  cooling  by  radiation.  It  follows,  therefore,  from  the 
numerical  result  which  is  given  above  that  the  seat  of  the  maxi- 
mum ratio  of  cooling  must  probably  be  something  like  100  miles 
below  the  earth's  surface.  It  does  not,  of  course,  necessarily  fol- 
low that  the  seat  of  the  maximum  rate  of  contraction  of  volume 
should  be  identical  with  that  of  the  maximum  rate  of  cooling; 
yet  it  seems  probable  that  it  would  not  be  very  far  removed 
from  it. 

The  Rev.  O.  Fisher  very  justly  remarks  that  the  more  rapid 
contraction  of  the  internal  than  the  external  strata  would  cause 
a  wrinkling  of  the  sui-face,  although  he  does  not  admit  that  this 
can  be  the  sole  cause  of  geological  distortion.  The  fact  that  the 
region  of  maximum  rate  of  cooling  is  so  near  to  the  surface 
recalls  the  interesting  series  of  experiments  recently  made  by  M. 
Favre  (of  which  an  account  appeared  in  Nature,  vol  xix,  p.  103), 
where  all  the  phenomena  of  geological  contortion  were  reproduced 
in  a  layer  of  clay  placed  on  a  stretched  india-rubber  membrane, 
which  was  afterwards  allowed  to  contract.  Does  it  not  seem 
possible  that  Mr,  Fisher  may  have  under-estimated  the  contracti- 
oility  of  rock  in  cooling,  and  that  this  is  the  sole  cause  of  geologi- 
cal contortion  ? — Nature^  Feb.  6. 
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2.  On  Binaural  Audition* — In  a  recent  number  of  the  Phil- 
osophical Magazine  (March,  1879),  Stbinhausbr  discasses  the 
theory  of  direct  Binaural  Audition.  Some  of  his  conclusions  are 
stated  as  follows : 

(1.)  The  direction  in  which  a  source  of  sound  is  situated,  may 
be  estimated  by  the  different  intensities  with  which  a  sound  is  per- 
ceived in  the  two  ears.  ^2.)  The  standard  of  each  individual  for  the 
perception  of  the  direction  of  sounds  is  dependent  upon  the  angle 
)tf,  that  is,  the  angle  included  between  the  effective  surfaces  of  the 
pinnae  of  the  ears  and  the  line  of  sight  (3).  The  smaller  the 
angle  included  between  the  line  of  sight  and  the  surfaces  of  the 
pinnae,  the  more  certain  will  be  the  perception  of  the  direction  of 
sound.  (4.)  We  hear  best  with  the  two  ears  when  the  sound 
reaches  us  from  the  front  in  the  line  of  sight.  (5.)  Persons 
equally  hard  of  bearing  in  one  ear  must,  in  order  to  hear  as  well 
as  possible,  turn  the  better-hearing  ear  the  more  towards  the 
speaker  in  proportion  as  the  angle  which  the  surfaces  of  their 
pmnse  make  with  the  line  of  sight  is  less.  (6.^  The  power  of  per- 
ception of  the  direction  of  a  sound  is  not  vitiated  by  an  equal 
hardness  of  hearing  in  both  ears.  (7.)  For  most  persons  the  angle 
ft  ^above  defined)  is  less  than  :10®,  which  explains  the  well-known 
position  assumed  by  the  listener  who  turns  one  ear  towards  the 
source  of  sound.  (8.)  We  hear  binaurally  the  best,  relatively, 
when  the  source  of  sound  is  situated  in  that  plane  in  which  are 
situated  the  line  of  sight  and  the  line  joining  the  middle  points  of 
the  pinna)  ("plane  of  best  hearing")  and  the  best,  absolutely, 
when  it  is  situated  in  the  line  of  sight.  (9.)  In  the  case  of  hear- 
ing a  sound  coming  from  above  or  below,  we  are  able  to  estimate, 
from  the  relative  intensities  with  which  the  sound  is  perceived  in 
the  two  ears,  the  azimuth  of  the  rays  of  sound  as  projected  upon 
the  plane  of  best  hearing. 

Tne  last  principle  explains  the  method  which  we  pursue  to  dis- 
cover the  position  of  a  source  of  sound  whose  situation  is  unknown, 
and  which  consists  in  a  motion  of  the  head. 

For  example,  to  find  a  source  of  sound  situated  anywhere  above^ 
we  have  only  to  turn  the  head  about  a  vertical  axis  until  we  hear 
equally  with  both  ears  and  with  the  greatest  total  intensity. 
Then  the  line  of  sight  coincides  with  the  horizontal  projection  of 
the  direction  of  the  sound.  The  head  must  then  be  turned  up- 
wards about  a  horizontal  axis  at  right  angles  to  the  line  of  sight, 
as  long  as  the  intensity  of  the  sensation  increases.  When  this 
reaches  its  maximum,  and  is  equally  great  for  both  ears,  then  the 
source  of  sound  must  be  situated  in  the  line  of  sight.  And  here 
we  must  i*emark  on  the  essential  importance  of  the  actual  con- 
ditions— ^that  the  ears  and  eyes,  being  alike  attached  to  the  head, 
share  its  movements,  and  that  they  are  situated  at  almost  the 
same  height  above  the  ground. 

Should  we  perceive  a  falling-off  in  the  intensity  of  the  sound  on 
raising  the  head,  this  would  be  an  indication  that  the  source  of 

*  See  this  Journal,  January,  18 . 9,  p.  64. 
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sonnd  is  situated  hdovj  the  plane  of  best  bearing,  and  that  we 
should  be  able  by  sinking  the  head  to  bring  the  source  of  sound  into 
the  line  of  sight  in  the  manner  just  described  for  a  sound  above 
the  head. 

It  is  intelligible  and  natural  that,  where  (as  in  an  instrument  for 
measuring  altitude  and  azimuth)  we  have  two  separate  motions 
of  rotation  at  ri^ht  angles  to  one  another,  it  is  immaterial  whether 
the  movements  m  the  two  directions  be  executed  separately  or  by 
a  simultaneous  motion  of  the  head.  This  occurs,  for  example, 
when  we  try  to  find  a  lark  which  we  mav  hear  singing  above  a 
field.  We  raise  the  head,  making  an  arbitrary  guess  at  the  posi- 
tion of  the  lark  in  the  sky.  Then  we  turn  the  head  about,  led 
meanwhile  by  ear  until  we  hear  equally  well  with  the  two  ears 
and  with  the  greatest  possible  intensity;  and  simultaneously  we 
perceive  the  lark  in  the  line  of  sight.  We  do  not,  therefore,  as  it 
might  be  conjectured  in  this  case,  seek  for  the  source  of  sound  by 
means  of  the  eyes,  but  by  means  of  the  ears. 

3.  The  Faraday  Le^re  before  the  Fellows  of  the  London 
Chemical  JSociMy,  November  12,  1878,  by  Professor  Ad.  Wurtz 
of  Paris,  is  published  at  length  in  the  January  number  of  the 
Journal  of  this  society.  The  subject  chosen  was  '*  Constitution  of 
Matter  in  the  Gaseous  State,"  and  is  significant  after  the  discus- 
sions of  the  fundamental  principles  of  modem  chemistry  which 
have  taken  place  in  the  French  Academy,  and  to  which  we  have 
before  referred  in  these  pages.  The  lecture  was  an  elementary- 
exposition  of  the  dynamical  theory  of  the  constitution  of  matter, 
and  of  the  conception  of  molecules  and  atoms  which  this  theory 
involves,  and  which  Professor  Wurtz  fully  accepts  as  the  theoreti- 
cal basis  of  the  philosophy  of  chemistry.  The  lecture  was  illus- 
trated, and  its  chief  interest  centers  in  one  of  the  experiments, 
which,  as  it  would  seem,  gave  a  verj  difierent  result  from  that 
obtained  by  M.  Troost  from  a  series  of  similar  experiments, 
noticed  on  page  821  of  vol  xvi,  HI,  of  this  Journal.  Into  the 
space  above  the  mercury  of  one  barometer-tube  chloral-hydrate 
was  evaporated,  while  the  similar  space  of  a  second  tube  was  filled 
with  the  vapor  of  chloroform.  Into  both  of  these  atmospheres 
crystallized  potassic  oxalate  was  then  introduced.  Very  soon  a 
depression  of  the  mercury  column  indicated  that  the  water  of 
crystallization  of  the  salt  had  evaporated  into  the  dry  vapor  of 
chloroform,  while  the  constancy  of  level  in  the  first  tube  showed 
that  into  the  vapor  of  chloral-hydrate  no  such  evaporation  had 
taken  place.  Hence  the  conclusion  that  the  space  above  the 
mercury  in  the  first  tube  was  already  saturated  with  free  aqueous 
vapor,  and  therefore  that  chloral-hydrate  must  become  disassocia- 
ted when  it  evaporates.  By  a  reference  to  loc.  cit.  the  bearing  of 
this  experiment  will  be  more  plainly  seen,  and  the  contradiction 
presented  will  serve  to  enforce  the  lesson,  there  suggested,  that 
exceptions  to  a  law  so  well  established  as  that  of  the  equality  of 
molecular  volumes  in  the  aeriform  state  ought  always  to  be  very 
closely  scrutinized. 
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At  the  same  time  with  the  address  of  Professor  Wnrtz  we  have 
before  us  a  similar  address  by  Professor  Bayer,  the  successor  of 
Liebig  at  Munich,  and  one  of  the  most  distinguished  representa- 
tives of  the  German  School  of  Organic  Chemistry.  It  was 
delivered  before  the  Ednigl  Akademie  der  Wissenschaften  on  the 
occasion  of  the  birthday  of  King  Ludwig  of  Bavaria,  and  is 
reprinted,  with  no  flattering  comments,  by  Professor  Eolbe  in  the 
December  number  of  the  Journal  fttr  prakt  Chemie.  The  nominal 
subject  of  the  address  was  ^^  Chemical  Synthesis,^'  and  we  should 
have  expected  that,  before  such  an  audience,  the  eminent  chemist, 
who  had  so  recently  made  the  synthesis  of  indigo  blue,  would 
have  dwelt  on  the  philosophy  of  the  method  by  which  this  great 
result  had  been  obtained ;  and,  certainly,  the  circumstances  con- 
nected with  the  synthesis  both  of  indigo  tine  and  of  alizarine  illus- 
trate most  strikingly  the  great  value  of  even  the  conventional 
forms  of  a  well  grounded  "  working  hypothesis"  in  guiding  scientific 
investigation.  But,  so  far  from  uiis,  the  address  was,  for  the  most 
part,  another  popular  exposition  of  the  same  subject  treated  by 
Professor  Wurtz,  and  it  contains  such  grotesque  fitncies  that  we 
can  scarcdy  credit  that  the  words  we  read  were  actually  addressed 
to  a  learned  society,  even  if  in  open  session.  We  read  of  systems 
of  atoms  branching  like  trees — as  if  they  were  objects  of  natural 
history ;  of  the  possibility  that  the  molecules  of  the  diamond  are 
large  enough  to  be  seen  with  a  microscope,  and  to  be  isolated  by 
mechanical  pulverizing ;  of  the  molecules  of  marsh-gas  as  attain- 
ing sufficient  velocity  to  carry  them  beyond  the  sphere  of  the 
earth's  attraction,  ana  that  the  exhalations  of  our  marshes  may 
thus  contribute  to  form  those  cometary  masses  in  which  the  spec- 
troscope has  discovered  the  presence  of  carbon.  It  would  seem 
as  if  the  purpose  of  the  address  were  to  brin^  the  molecular  theory 
into  disrepute  by  a  ^^  reductio  ad  absurdum  '^  and  while  we  cannot 
but  regret  .the  rude  manner  in  which  Professor  Bayer  has  been 
ridiculed  in  the  reprint  to  which  we  have  referred,  the  address 
certainly  invites  criticism,  and  shows  how  absurd  a  good  ^'  working 
hypothesis''  may  be  made  to  appear  if  we  insist  on  realizing  its 
conventional  and  temporary  forms.  No  partial  truths  will  bear 
such  treatment,  and  these  two  addresses  seem  to  us  worthy  of 
notice  in  this  place  as  pointing  out  very  clearly  the  only  legiti- 
mate use  of  theory  which  forms  the  basis  of  our  modem  chemical 
philosophy.  j.  p.  o. 

4.  JEaperimental  determination  of  the  velocity  of  Ziaht;  by 
A.  A.  MiCHBLBON,  U.  S.  N.,  Instructor  in  Physics  and  Chemistry 
in  the  United  States  Naval  Academy. — In  a  former  number  of  this 
Journal  (May,  1878,  p.  394)  a  brief  description  is  given  hj  Mr. 
Michelson  of  a  new  method  for  the  experimental  determination  of 
the  velocity  of  light.  It  is  based  upon  the  method  of  Foucault  so 
modified,  as  there  described,  as  to  admit  of  the  use  of  any  distance 
between  the  mirrors,  and  a  correspondingly  increased  displacement 
of  the  reflected  image.  This  method  has  since  been  put  to  use  by 
the  describer.     In  his  experiments  the  speed  of  the  mirror  was  130 
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turns  per  second,  the  radius  of  measurement  from  fifteen  to  thirty 
feet,  and  the  distance  between  the  mirrors  600  feet  The  displace- 
ment varied  from  0*3  inch  to  0*68,  or  about  twenty  times  that  of 
Foncanlt.  The  mean  of  ten  determinations  for  the  velocity  of 
light  in  air  was  186,508  feet,  the  extremes  being  1<84,500  and 
188,820.  The  author  expresses  the  hope  of  being  able,  under 
more  favorable  conditions,  to  obtain  the  true  result  within  a  few 
miles. — (Amer.  Assoc.  Adv.  Science^  St.  Louis  meeting^  1878.) 

11.  Geology  and  Mineralogy. 

1.  Note  on  Mountain- making  by  the  Contraction  of  the 
EariKs  crust ;  by  J.  D.  Dana. — A  method  of  reproducing  on  a 
small  scale  the  folding  and  fracturing  of  strata  has  been  contrived 
by  Professor  A.  Favbe,  of  Geneva  (Nature,  of  Dec.  6,  from  La 
In  ature).  He  employs  a  stretched  sheet  of  caoutchouc,  to  which 
clay  in  thin  layers  has  been  made  to  adhere,  and  allows  it  grad- 
ually to  contract  to  its  natural  condition.  The  figures  of  the  re- 
sults, which  he  has  published,  represent  foldings,  faultings  and 
CTUshings  that  look  much  like  some  of  the  effects  in  the  world  of 
rocks. 

Mr.  H.  F.  Walling,  of  Cambridge^  in  a  paper  on  the  relation 
of  adhesion  to  horizontal  pressure  m  mountain  dynamics,  read 
before  the  American  Association  at  St.  Louis  in  August,  1878,  and 
publbhed  recently,  suggested,  still  earlier,  essentially  the  same 
mode  of  experimenting. 

There  are  two  general  facts  with  regard  to  actual  mountain- 
making  that  are  not  in  accordance  with  the  results  which  the 
caoutchouc  affords. 

(1 .)  Contraction  in  the  earth's  crust  from  cooling  must  have  gone 
on  continuously  through  time,  with  local  differences,  especially  be- 
tween the  continental^  and  oceanic  areas,  but  still  continuously ; 
and  therefore  the  effects,  if  like  those  on  the  caoutchouc,  should 
have  occurred  all  along  the  ages  over  the  globe.  But  the  fact  is, 
that  mountain-making  has  occurred  over  the  continents  only  after 
a  very  long,  quiet  interval  in  which  there  were  no  disturbances 
beyond  those  from  gentle  oscillations.  Geology  has  found  that, 
for  North  America,  from  the  Atlantic  south  of  New  York  to  the 
Rocky  Mountains,  and  as  the  facts  now  stand,  to  the  Pacific, 
there  was  but  one  mountain-making  epoch  between  the  close  of 
Archiean  time  and  the  beginning  of  the  Triassic  era ;  and  that 
this  occurred  at  or  near  the  termination  of  Paleozoic  time.  Thus, 
for  the  larger  part  of  the  broad  continent,  at  least  three-fourths  of 
all  geological  time  after  the  ArchaBan — amounting  to  seventy-five 
millions  of  years,  if  the  whole  covered  one  hundred  millions — 
passed  without  any  mountain-making  disturbance,  the  greatest  of 
which  there  is  evidence,  being  that  which  raised  the  Lower 
Silurian  about  Cincinnati  and  to  the  northeast  and  southwest. 
During  all  that  long  time  the  sedimentary  deposits  were  slowly 
thickening  over  the  underlying  crust,  and  lay  like  the  clay  over 
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the  caoutchouc,  but  this  snpercrust  was  nowhere  bent  up  into 
steep  folds  or  bold  wrinkles  through  the  contraction  in  progress. 

There  was  probably  disturbance  and  mountain-making  in  the 
Green  Mountain  region  after  the  close  of  the  Lower  Silurian  ;  and 
it  is  possible  that  effects  of  the  same  disturbance  will  be  found 
along  the  eastern  part  of  the  Appalachian  region  farther  south. 
But,  if  so,  the  general  truth  remains  the  same ;  for  the  close  of 
the  Lower  Silurian  occurred  about  half  way  between  the 
Archaean  and  the  close  of  the  Carboniferous,  making  the  antece- 
dent period  of  quiet,  on  the  above  estimate  of  time,  nearly  forty 
millions  of  years.  Over  the  Rocky  Mountain  region  it  is  not  yet 
proved  that  any  great  disturbances  occurred  at  either  of  these 
eras,  the  first  in  the  Wahsatch  and  Uintah  region  taking  place 
not  before  the  close  of  the  Cretaceous. 

(2.)  The  folds  often  have  all  the  steeper  inclinations  facing 
in  one  direction  and  the  less  steep  in  the  opposite,  showing  that  the 
results  of  the  pressure  were  unlike  in  the  two  opposite  directions. 
The  well  known  facts  in  the  Appalachians,  as  first  announced  by 
Professor  Rogers,  abundantly  illustrate  this,  and,  also,  those  in 
the  Jura  Mountains. 

The  results  obtained  with  the  contracting  caoutchouc  correspond 
in  one  respect  with  rock-flexures,  and  it  is  a  point  not  always 
considered  by  those  who  speculate  on  mountain -making,  in 
mountain  regions  the  flexures  in  the  earth's  strata  are  not,  with 
very  rare  exceptions,  represented  by  like  flexures  in  the  contract- 
ing crust.  The  former  are  generally  between  one  and  twenty 
mues  in  span ;  and  the  earth's  crust  could  not  have  been  thin 
enough  at  the  close  of  the  Paleozoic,  when  the  Appalachians  were 
formed,  to  have  made  such  narrow  bendings. 

2.  Notes  on  the  Coral  Heefs  of  the  Island  ofltaparica,  Bahia^ 
and  o^  Parahyba  do  Norte ;  by  Richard  Rathbun. — In  the 
Amencan  Naturalist  for  July,  1876, 1  gave  a  short  description  of 
the  coral  reef  skirting  the  outer  shore  of  the  island  of  Itaparica, 
in  the  bay  of  Bahia,  Brazil.  From  a  further  examination  of  the 
reef  and  a  study  of  the  specimens  procured  from  it,  I  am  able  to 
add  a  few  items  of  interest  to  those  previously  given.  I  also  wish 
to  call  attention  to  the  existence  of  another  reef^  similar  to  that  of 
Itaparica,  to  the  south  of  the  entrance  to  the  Rio  Parahyba  do 
Norte.  It  was  explored  by  Mr.  John  Branner  of  the  Geological 
Commission.  In  shape  and  structure,  as  well  as  in  the  paucity 
of  coral  life  upon  it,  this  last  agrees  very  closely  with  the  Itaparica 
reef.  It  follows  the  trend  of  the  shore,  at  a  short  distance  from 
it,  and  between  the  reef  and  the  shore  there  is  an  average  depth 
of  water  of  about  six  or  seven  feet  only.  The  upper  and  outer 
portions  of  the  reef  are  very  irregular,  but  the  inner  part  is  com- 
paratively smooth.  No  large  corals  are  living  upon  it;  at  the 
northern  end  were  collected  a  few  small  specimens  of  Pontes, 
and  toward  the  south  a  few  Miliepores,  Symphyllia  (?),  and 
Porites.  Much  of  the  bottom  surrounding  the  reef  is  very  rich  in 
coral  growth.     No  sections  were  obtained  giving  us  a  clue  to  its 
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structure,  which  is,  however,  probably  the  same  as  that  of  the 
Itaparica  reef. 

In  my  former  description  of  the  Itaparica  reef  I  stated  that, 
while  the  lower  portion  was  plainly  made  up  in  large  part  of  true 
corals,  the  upper  part  appeared  to  contain  only  nuUipores.  I  have 
since  found  that  the  worm  tubes  covering  the  surface  of  the  reef 
enter  very  largely  into  its  structure,  probably  to  as  great  an 
extent  as  the  nullipores,  and  give  rise  to  an  exceedingly  hard, 
calcareous  rock  from  which,  ultimately,  all  traces  of  the  worm- 
tube  structure  disappear.  The  worm-tubes  and  nullipores  evi- 
dently compose  the  entire  upper  half  of  the  reef.  The  nullipores, 
in  the  upper  portions,  so  far  as  my  observations  went,  were  all  of 
the  encrusting  lichen  kind,  and  resulted  in  a  compact  structure, 
showing  a  sort  of  wavy  lamination  which  is  due  to  the  suc<ses8ive 
growths  of  nullipores.  The  large  digitate  nullipores,  so  common 
at  Pemambuco  and  at  many  places  in  the  Bay  of  Bahia,  are 
limited  to  the  lower  part  of  the  reef,  where  they  are  associated 
with  the  true  corals.  At  present  nullipores  are  living  in  abun- 
dance only  on  the  outer  side  of  the  reef,  to  a  height  of  about  one 
foot  above  medium  low  tide.  Above  the  line  of  nullipores  we 
find  the  entire  upper  surface  of  the  reef  coated  with  a  layer  of 
living  worm  tubes  and  large  barnacles.  The  latter  are  generally 
broken  off  by  the  waves  when  dead,  but  the  former  remain,  pro- 
ducing a  loose  structure  near  the  surface,  which  becomes  more 
compact  below.  The  existence  of  nullipores  in  this  upper  portion 
indicates,  however,  that  they  lived  on  top  of  the  reef  at  no  dis- 
tant time,  and  probably  also  that  the  reef  has  been  elevated  to  a 
sliffht  extent  since  then. 

Within  the  reef  the  water  is  very  shallow,  being  deepest  near 
the  reef  and  especially  at  and  around  the  openings  through  it ; 
it  gradually  shallows  inward  toward  the  beach.  The  bottom  of 
this  shallow  inner  channel  is  covered  with  sand  and  fragments  of 
all  sizes  of  corals  and  shells.  Corals  were  not  found  in  an  upright 
position  in  this  channel,  nor  do  living  corals  exist  there  at  all. 
The  coral  fragments  are  all  old,  frequently  much  worn,  and  almost 
invariably  covered  with  nullipore  and  bryozoan  growths,  also 
dead.  They  form  beds  of  considerable  thickness  in  places,  often 
more  or  less  consolidated,  and  are  dug  up  to  bum  for  lime.  The 
species  discovered  among  the  fragments  are  all  found  living  in 
various  parts  of  the  bay,  excepting  Mu%%a  Harttii^  which  does 
not  apparently  live  at  present  anywhere  in  the  Bay  of  Bahia. 
This  extensive  accumulation  of  broken  corals,  which  must  have 
been  formed  by  the  breaking  off  and  heaping  up  of  living  corals 
from  the  surface  of  the  reef  by  the  breakers,  when  the  reef  was  at 
a  lower  level,  testifies  to  the  exceeding  richness  of  the  coral  life  at 
that  time.  Corals  have  apparently  ceased  to  be  reef-builders  in 
the  Bay  of  Bahia. 

3.  ^emirmetamorphic  fosMiferous  rocks  containing  Serpentine^ 
— Dr.  J.  W.  Dawson  mentions  facts  on  this  subject  from  which  the 
following  are  cited. 
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On  the  Saguenay  River,  at  Lake  Chebogamong,  there  is  a  band 
of  serpentine  associated  with  limestone;  and  Mr.  Kicbardson 
obtained  there  a  fossil  tabulate  coral  which  has  part  of  its  cells 
filled  with  serpentine,  and  also  veins  of  serpentine  intersecting  it. 
The  species  is  Astrocerium  pyriforme^  a  species  very  common  in 
the  Upper  Silurian  limestones  of  the  region  in  which  it  occurs, 
and  characteristic  especially  of  the  Niagara  formation.  The  for- 
mation containing  the  serpentine  and  limestone  ^'  is  described  as 
consisting  of  chloritic  slates,  in  some  places  with  hornblende 
crystals,  dolomites,  and  hard  jaspery  argiUaceous  rocks." 

At  Melbourne,  in  the  province  of  Quebec,  rocks,  referred  by 
Logan  to  the  Quebec  group,  pass  upward  into  a  thick  series  of 
hydromica  schbts,  associated  with  quartzose  bands  and  lenticular 
layers  of  crinoidal  limestone.  Over  these,  according  to  Logan, 
lies  serpentine  in  thick  beds  (undoubtedly  bedded  rocks  and  not 
"eruptive")  with  other  hydromica  schists,  limestone  breccia,  are- 
naceous beds,  beds  of  anorthite,  steatite,  dolomite  and  red  slates. 
The  serpentine  in  the  line  of  strike  passes  into  dolomite  and  red 
slate.  Fossils  occur  in  the  limestone  in terst ratified  with  the  ser- 
pentine, and  also  disseminated  serpentine.  The  fossils  are  "  cri- 
noidcd  joints,  fragments  apparently  of  Stenopora^^^  and  tubular 
bodies  which  may  be  portions  of  HyolitJies  or  Theca^  having  an 
interior  of  calcite  and  a  coating  of  serpentine.  The  cells  of  the 
fossils  are  sometimes  filled  with  the  serpentine ;  and  the  crinoidal 
joints  are  surrounded  by  it,  with  dolomite  within. 

Slices  of  these  specimens,  and  those  of  other  localities,  were 
made  by  Mr.  Weston  when  under  the  direction  of  the  late  Sir 
W.  E.  Logan.  The  other  localities  include  Stamford,  Fai-nham, 
Cleveland,  Bedford,  Oxford,  Athabaska,  Point  Levi,  Riviere 
du  Loup,  in  most  of  which  Lower  Silurian  fossils  occur  associated 
with  hydrous  silicates. 

A  locality  at  Pole  Hill,  in  New  Brunswick,  discovered  by  Mr, 
C.  Robb,  has  afforded  specimens  consisting  of  "  fragments  of  cri- 
noids  and  shells  finely  injected  with  an  olive-green  hydrous 
silicate  of  alumina,  iron  and  magnesia.  In  one  shell,  apparently 
an  Orthoceras  or  Theca^  the  dark  green  filling  has  cracked  in  the 
manner  of  Septaria  fas  oflen  true  of  crinoidal  stems  in  the  Sub- 
carboniferous  of  the  Mississippi  valley]  and  the  fissures  have  been 
filled  with  carbonate  of  lime. 

4.  The  Physical  History  of  the  Triassic  Formation  of  New 
Jersey  and  the  Connecticut  Valley ;  by  L  C.  Russeix  (Ann.  N.  T. 
Acad.  Sci.,  i,  220-254). — The  author,  after  giving  some  account  of 
the  Triassic  formation  of  New  Jersey  and  the  Connecticut  Valley, 
discusses  the  origin  of  the  westward  dip  of  the  former  and  eastward 
of  the  latter.  He  adopts  the  hypothesis,  suggested  by  Professor 
Kerr  for  the  Trias  of  North  Carolina,  and  by  Professor  F.  H. 
Bradley  for  the  regions  of  which  Mr.  Russell  treats,  that  the  New 
Jersey  and  Connecticut  beds  are  opposite  parts  of  an  anticlinal. 
He  holds  also  that  the  sandstone  was  once  continuous  over  the 
whole  intermediate  region.     The  view  is  sustained  on  the  ground 
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tbat  the  dip  of  the  sandstone  is  in  opposite  directions  in  the  two 
areas — 10°  to  15®  northwestward  in  New  Jersey,  5**  to  50°  [averag- 
ing 16**]  to  the  eastward  and  soatheastward  in  the  Connecticut 
Valley ;  and  on  the  view  of  a  conglomerate  on  the  western  border 
of  the  former  and  eastern  of  the  latter,  whence  it  is  inferred  that 
here  were  the  coast  lines  of  the  great  estuary.  Calculations  from 
the  dip  give  him  for  the  thickness  of  the  sandstone  25,000  feet, 
the  consideration  of  faults  in  the  beds  being  rejected  by  the  author 
as  without  "  plausible"  support. 

The  hjrpothesis  has  objections,  some  of  which,  as  they  appear 
to  the  writer,  are  here  stated. 

(1)  A  thickness  of  25,000  feet  of  water-made  sandstone  over  an 
area  of  metamorphic  rocks  more  than  100  miles  in  width,  large 
portions  of  which  are  now  several  hundred  feet  above  the  sea- 
level,  implies  a  subsidence  of  this  region  of  over  25,000  feet,  during 
the  formation  of  the  sandstone,  or  else,  this  depth  of  water. 

(2)  It  implies  also  an  elevation  of  the  whole  region — 100  miles 
wide  between  the  eastern  and  western  limits — not  only  to  this 
amount,  25,000  feet,  but  enough  higher  to  give  the  average  pitch 
of  15°  eastward  in  the  eastern  sandstone  and  10°  to  15  in  the 
western.  For  a  width  in  the  Connecticut  Valley  of  fifteen  miles 
(the  area  averages  twenty),  the  dip  produced  by  the  alleged  up- 
lifting if  only  14° — supposing  no  faults — would  put  the  western 
side  o^  the  Connecticut  VaUey  20,000  feet  above  its  eastern;  and 
the  site  of  New  York  City,  on  the  eastern  15,000  or  20,000  feet 
above  its  present  level,  with  25,000  feet  of  sandstone  over  it. 
How  much  higher  such  an  elevation  would  place  the  central  por- 
tion of  the  reffion  between  the  Connecticut  Valley  and  New 
Jersey,  the  reader  can  calculate.  Mountains  on  the  globe  at  the 
present  day  are  small  in  comparison. 

(3)  The  h3rpothesis  asks  for  an  incredible  amount  of  denuda- 
tion ;  crystalline  rocks  of  great  depth  as  well  as  sandstone,  over 
an  area  more  than  fifty  miles  wide  having  to  be  removed,  and  the 
surface  brought  down  to  its  present  levet 

(4)  The  southern  limit  of  the  Connecticut  Valley  sandstone 
area  is  north  of  the  northern  limit  of  the  New  Jersey.  The  New 
Jersey  area  cannot,  therefore,  be  on  the  opposite  margin  of  the 
sandstone  region  to  that  of  the  Connecticut  Valley.  That  there 
should  have  been  an  opposite  side  to  the  Connecticut  Valley  anti- 
clinal, the  New  Jersey  Trias  should  have  extended  up  the  Hud- 
son River  to  Albany,  N.  Y.,  120  miles  north  of  its  most  northern 
point,  Albany  being  in  the  same  latitude  with  its  northern  limit 
in  the  Connecticut  Valley;  and  hence  the  whole  of  western 
Massachusetts  as  well  as  of  Connecticut,  and  all  of  £astem  New 
York,  south  of  Albany,  including  the  Green  Mountain  region, 
must  have  been  raised  to  the  enormous  altitude  referred  to ;  and, 
besides,  the  sandstone  must  have  since  been  removed  from  the 
whole  so  that  no  trace  was  left,  with  the  exception  of  the  South- 
bury  basin.  Further,  the  opposite  side  of  the  New  Jersey  part  of 
the  arch  must  have  been  somewhere  out  in  the  Atlantic  south  of 
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Long  Island ;  and  this  island  most  have  participated  in  the  up- 
ward bend. 

It  is  however  to  be  admitted  that,  with  the  suggested  method 
of  accounting  for  the  dip  in  the  Connecticut  Vallejr  sandstone, 
there  was  no  need  of  any  sandstone  in  the  Hudson  River  Valley ; 
and,  no  need,  in  fact,  of  anv  sandstone  over  the  intermediate 
region  of  crystalline  rocks  between  that  valley  and  the  New 
Jersey  area. 

(6)  No  evidence  of  such  an  anticlinal,  or  of  the  supposed 
amount  of  erosion,  exists  excepting  this — ^that  the  sandstone  of  the 
Connecticut  Valley  dips  eastward,  and  that  of  New  Jersey,  situ- 
ated wholly  to  the  south  of  the  southern  limit  of  the  Connecticut 
Valley  area,  dips  northwestward,  at  the  angles  stated. 

The  existence  of  a  conglomerate  along  the  eastern  border  of  the 
Connecticut  area  can  be  accounted  for  on  the  usual  view — that  this 
area  in  Triassico-Jurassic  times  was  a  Connecticut  Vallev  estuary, 
at  the  termination  of  the  Connecticut  River,  and  had  its  violent 
floods,  which  may  have  been  for  part  of  the  time  enlarged  by  the 
waters  and  ice  of  a  semi-glacial  era — quite  as  well  as  by  that  of 
its  being  the  eastern  part  of  a  much  larger  estuary ;  and  even 
better. 

The  features  of  the  Connecticut  Valley  beds  afford  other  argu- 
ments ;  but  it  is  not  necessary  to  bring  them  up  at  this  time. 

J.    D.   D. 

6.  Geological  Survey  of  Pennsylvania, — The  following  vol- 
umes containing  Reports  of  Progress  of  this  survey,  have  been 
recently  issued,  in  addition  to  that  by  Mr.  C.  A.  Ashbubneb 
mentioned  on  a  former  page  of  this  volume.  They  show  great 
activity  in  the  Survey. 

I.  Report  of  Progress  of  Bradford  and  Tioga  Counties  (6),  272 
pp.  8vo,  with  maps  and  sections;  including:  1.  on  the  Limits  of  the 
Catskill  and  Chemung  formations,  by  A.  Shebwood  ;  2.  Descrip- 
tions of  Coal  fields,  by  F.  Platt  ;  and  8,  on  the  Coking  of  Bitu- 
minous Coal,  by  J.  Fuxton. 

II.  Report  of  Progress  in  Indiana  County  (HHH),  by  W.  G. 
Platt,  316  pp.  8vo,  with  a  colored  map  of  the  County.     1878. 

III.  Catalogue  of  the  Geological  Museum^  Part  I,  Rock  speci- 
mens.   218  pp.  8vo.     1878. 

IV.  The  Brown  Hematite  Deposits  of  the  Siluro- Cambrian 
limestones  of  Lehigh  County^  lying  betxoeen  ShimersviUe^  MiUers- 
town^  SchnecksviUe^  BaUietsviUe^  and  the  Lehigh  River  (DD),  by 
Fbedebice  Pbimb,  Jr.;  100  pp.  8vo,  with  5  map-sheets  and  5 
plates.  1878. — Professor  Prime,  shows  that  the  rocks  of  the 
region,  above  the  Laurentian,  are,  in  succession,  (1)  the  Potsdam 
sandstone ;  (2)  a  Siluro-Cambrian  magnesian  limestone,  which  has 
afforded  Chazy  fossils,  besides  an  Orthoceras  and  Lingulie  too 
imperfect  for  determination ;  (3)  Damourite  (Hydromica)  slates, 
all  in  general  conformable ;  also  (4)  the  Trenton  limestone,  as  a 
direct  continuation  of  the  ma^esian  limestone,  the  beds  affording 
encrinital  stems  identical  with    those   found  in    Northampton 
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County  overlying  characteristic  Trenton  fossils ;  and  (6)  Hudson 
River  slates,  also  conformably  continuous  with  the  preceding. 
Professor  Prime  treats  also  of  the  origin  of  limonite  beds  associated 
with  the  damourite  slates,  and  of  other  points  in  the  geology  of 
the  region.  His  method  of  determining  the  ase  of  the  crystalline 
schists  by  means  of  the  fossils  in  the  conformably  associated 
strata  gives  positive  results. 

V.  SpecicU  Report  on  the  Trap-Dykes  and  Azoic  Rocks  of 
Southeastern  Pennsylvania  (E),  by  T.  Steret  Hunt.  Part  L  His- 
torical Introduction.  254  pp.  8vo.  1878. — This  Historical  Intro- 
duction is  a  general  exposition  and  re-statement  of  the  author^s 
views  on  the  **  Azoic,"  Cambrian  and  Silurian  rocks,  of  this  and 
other  countries,  and  the  application  of  lithology  to  classifying  and 
fixing  the  age  of  the  various  crystalline  rocks,  besides  notes  on 
eruptive  rocks,  along  with  a  historical  account  of  former  views  on 
these  and  other  subjects,  and  a  statement  of  the  observations  from 
various  sources  that  appear  to  favor  the  views  set  forth.  It  is 
valuable  as  a  definite  exnibition  of  the  present  state  of  such  views 
in  the  science,  and  of  the  arguments — not  always  just  to  the 
observations  of  others— by  which  they  are  sustained.  The  prog- 
ress of  the  science  will  show  how  much  of  truth  there  is  in  them. 

J.  D.  D. 

6.  Report  of  the  Geological  Survey  of  Ohio.  VoL  HI,  Oeology 
and  PalcBorUology,  Part  I,  Geology.  964  pp.  8vo. — This  large 
volume  consists,  after  its  Preface  by  Professor  J.  S.  Newberry, 
the  head  of  the  Survey,  of  a  Review  of  the  Geological  Structure 
of  Ohio  by  Professor  Newberry,  and  chapters  on  the  Geology  of 
different  counties  by  the  same,  and  the  Assistant  Geologists,  Messrs. 
J.  J.  Stevenson,  M,  C.  Read,  A.  W.  Wheat,  Edward  Orton, 
John  Hussey,  F.  C.  Hill,  A.  C.  Lindemuth,  J.  T.  Hodge  and 
II.  Herzer,  with  supplemental  Reports  by  E.  B.  Andrews  and 
E.  OirroN. 

From  Professor  Newberry's  Review  we  take  the  following 
conclusions. 

The  Cincinnati  group  does  not  represent  the  Hudson  River 
groap  of  New  York,  but  the  whole  Trenton  series,  including  the 
Trenton  limestone  and  Hudson  River  group. 

Many  fossils  of  the  Oriskany  sandstone  in  Canada  West,  as 
.  Spirifera  arenosa^  S.  arrecta^  Kenselkteria  ovoides^  and  Avicula 
arenosa  are  found  mingled  with  Favosites  Gothlandica^  Zaphrentis 
prolifica^  Conocardium  trigonale^  Platyceras  nodosum^  and  many 
other  well  known  fossils  of  the  Comiferous  limestone,  which  facts, 
in  addition  to  the  entire  absence  of  Upper  Silurian  species,  prove 
the  Oriskany  to  be  much  more  closely  allied  to  the  Devonian  than 
to  the  Silurian. 

The  "  Black  shale  "  or  "  Huron  shale"  of  the  Devonian  is  made 
up  of  the  black  shales  of  the  Lower  Portage  and  the  Genesee.  In 
the  shale,  besides  the  gigantic  Dinichthys^  the  jaw  of  a  large 
Placoderm  has  been  obtained  which  has  been  referred  to  a  new 
genus,  DiplognathvSy  also  a  new  species  of  Dinickthys^  a  new 
CtenacanthuSy  and  several  of  Cladoaus. 
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The  volume  contains  much  of  great  value  to  the  science  that 
would  be  here  cited  but  for  the  limited  space. 

7.  Jowmal  of  a  Tour  in  Marocco  and  the  Great  Atlas  ;  by 
Sir  Joseph  Dalton  Hooker,  President  R.S.,  etc.,  and  John 
Ball,  F.R.S.; — with  an  Appendix  including  a  sketch  of  the  Geology 
of  Marocco;  by  George  Maw,  F.G.S.,  etc.  499  pp.  8vo.  Lon- 
don :  1878.  (Macmillan  &  Co.). — This  volume  contains  an  account 
of  a  journey  made  by  Sir  Joseph  Hooker,  Mr.  Ball  and  Mr.  Maw 
in  1871  to  a  region  which,  as  the  preface  remarks,  was  then  little 
belter  known  to  geographers  than  it  was  in  the  time  of  Strabo  and 
Pliny.  The  general  account  of  the  journey,  occupying  the  first 
848  pages,  contains,  besides  incidents  by  the  way,  much  informa- 
tion on  the  features,  vegetation,  and  people  of  the  country.  It  is 
followed  by  Appendixes  on  the  Geography  of  the  region,  by  John 
Ball ;  on  its  economic  plants,  a  companson  between  the  Flora  of 
the  Canary  Inlands  and  of  Marocco,  and  between  that  of  Tropical 
Africa  and  of  Marocco,  by  J.  D.  Hooker;  on  the  Mountain  (lora 
of  two  valleys  of  the  Great  Atlas,  by  J.  Ball ;  on  the  Geology  of 
the  plain  of  Marocco  and  the  Great  Atlas,  by  George  Maw. 

The  geological  chapter  contains  much  on  the  glacier  phenomena 
of  the  Atlas  region.  "  (Jnquestionable  moraines"  were  observed 
in  the  province  of  Reraya,  at  a  height  of  6,000  feet,  where  was  a 
"  gigantic  ridge  of  porphyry  blocks,"  "  with  no  admixture  of  small 
fragments,"  8oO  to  900  feet  in  vertical  height,  damming  up  the  deep 
ravine.  The  beds  of  bowlders  flanking  the  northern  escarpment  of 
the  Atlas  plateau  spread  downward  in  great  mounds  and  undulat- 
ing ridges  from  a  height  of  3,900  feet  to  the  borders  of  the  plain 
1,900  feet  above  the  sea ;  and  the  moraines,  commencing  at  a  height 
of  6,800  feet,  stretch  up  the  Atlas  ridge  to  a  height  of  between 
7,000  and  8,000  feet.  Behind  the  moraines,  at  6,200  feet,  there 
was  observed  a  plain  of  shingle,  which  seemed  to  be  the  bed  of  a 
small  lake.  At  present  there  is  not  even  perpetual  snow  on  any 
part  of  the  Atlas  range.  Since  the  era  of  the  glaciers,  the  coast 
line  has  been  raised  at  least  seventy  feet,  as  indicated  by  raised 
beaches  at  Mogador  ^*  which  may  possibly  be  cotemporaneous 
with  raised  beaches  on  the  coasts  of  Spain  and  Portugal."  A 
slight  subsidence  of  the  coast-line  is  stated  to  be  now  going  on. 

8.  AnnucU  Heport  of  the  State  Geologic  of  New  Jersey^  for 
1878.  132  pp.  8vo. — The  prominent  feature  of  this  Report  is  a 
chapter  on  tne  "  Glacial  and  Modified  Drift"  of  the  State,  which 
is  illustrated  by  a  large  map,  showing  the  surface  covered  by  the 
drift,  the  course  of  the  "  terminal  moraine,"  and  the  "  Oak 
Lands  "  and  '^  Pine  Lands."  It  treats  also  of  the  soils  of  the 
State,  clays  and  their  compositions,  clay  deposits,  glass  sand,  pro- 
gress of  the  topographical  survey  of  the  State,  and  gives  analyses 
of  some  iron  ores  and  limestones. 

9.  Geological  Record  for  1876;  an  account  of  works  on 
Geology^  Mineralogy^  and  PcUceo7itology^  published  during  the 
year;  with  supplements  for  1874  and  1875.  Edited  by  Wm. 
Whttaker,  B.  a.,  F.G.S.,  of  the  Geological  Survey  of  England. 
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415  pp.  8vo.  London,  1878.  (Taylor  A  Francis.)— The  third 
Yolame  of  the  Geological  Record  is  folly  tip  to  its  predecessors 
in  scope  and  thoroughness.  The  value  of  the  work,  to  all  engaged 
in  the  sciences  included,  would  seem  to  be  so  obvious  that  it  is  a 
matter  of  surprise  and  regret  that  the  editor  should  be  compelled 
to  call  for  more  subscribers  to  insure  its  continued  success. 

1 0.  The  Study  of  Rocks;  A  n  Elementary  text-hook  of  Petrology; 
by  Frank  Rutlbt,  F.G.S.,  of  the  Geological  Survey.  819  pp. 
12mo.  London :  1879.  (Longmans,  Green  A  Co.). — The  study  of 
rocks  by  the  microscope  is  now  recognized  as  so  important  a  part 
of  lithology  and  so  universally  employed,  that  an  English 
text-book  giving  the  methods  employed  cannot  fail  to  be  appre- 
ciated. The  work  is  about  equally  divided  between  the  descrip- 
tion of  methods  of  making  thin  sections  and  of  examining  them  in 
the  microscope,  the  description  of  the  rock-making  minerals,  and 
of  the  rocks  themselves.  Mr.  Kutley's  work  is  a  convenient  one 
for  the  student.  It  is  not,  however,  free  from  errors ;  the  descrip- 
tion and  figure  on  page  94  show  that  the  mineral  referred  to  must 
be  microcline  and  not  orthoclase. 

11.  Ueber  die  Ztisammensetzung  der  Lithionglimmer^  von  C. 
F.  Hammelsbebg. — Professor  Rammelsberg  has  made  a  new  ex- 
amination of  the  lithia  mica,  lepidolite,  with  special  reference  to 
the  amount  of  alkalies  present.  He  finds  that  many  of  the  previ- 
ous analyses  are  incorrect  in  the  determination  of  the  lithia,  and 
in  this  respect  he  rejects  the  analyses  of  Berwerth  upon  which 
Tschermak  based  his  recent  conclusions  as  to  the  chemical  formula 
(this  Journal,  III,  xvii,  176).     For  the  lepidolite  of  Paris,  Me.,  and 

Rozena,  Rammelsberg  writes  the  formula  R^  AlSigO  j  f^, — {Ber,  Ak. 
Berlin^  Oct.  28,  1878.)  E.  s.  d.  • 

12.  On  the  composition  of  Spodumene  and  Petalite;  by  C 
DoKLTER. — Dr.  Doelter  has  recently  analyzed  spodumene  from 
Norwich,  Mass.,  (1)  and  from  Brazil  (2)  with  the  following 
results : — 

SiO,         AlO,        PeO        OaO      MgO     Li,0    Na,0      K^O 

(1)  63-79      27-03      0*39      0*73     0*21     7*04     MO     0-12=100-41 

(2)  63.34      27-66      1-16      0*69       ...     7-09     0*98        ..=100-91 
After  making  allowance  for  impurities,  he  obtains  for  the 

quantivalent  ratio  of  R :  Al :  Si=l :  3 :  8  (instead  of  1:4:10  previ- 
ously accepted)  and  writes  the  formula  R2AlSi40^2>'^^^'*®  R=Li 
and  Na  in  the  ratio  of  15: 1. 
The  composition  of  petalite  is  also  discussed  and  the  conclusion 

reached  that  is  expressed  by  the  formula  RjAlSi,^02  4,  and  the 
opinion  is  advanced  that  petalite  bears  the  same  relation  in  com- 
position to  spodumene  that  albite  does  to  anorthite.         e.  s.  d. 

13.  Cacoxenite  from  Lake  Superior,  (Communicated). — Mr.  E. 
Claassen  of  Cleveland  has  identified  cacoxenite  on  the  martite 
of  Lake  Superior.  It  appears  in  brownish-yellow  acicular  crystals 
forming  radiating  tufts. 
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\A,  A  titaniferouB  Chrysolite. — ^M.  D amour  has  described  a 
titaniferoos  chrysolite  from  Zermatt,  SwitzerlaDd.  It  has  a  red 
color,  similar  to  that  of  almandine  garnet;  G.=3-27.  An  analysis 
afforded  SiO,  36-14,  TiO,  610,  MgO  48-81,  FeO  689,  MnO  0-19, 
ign.  2-23=99*86;  this  gives  almost  exactly  the  required  ratio  of 
1 :  1  for  bases  to  silicon. — {Bull.  8oc.  Min.  France^  ii,  15.) 

16.  On  the  crystalline  system  of  PyrostUpnite  (FHreblende). — 
Stbeng,  in  a  paper  devoted  to  a  thorough  crystallographic  descrip- 
tion of  some  silver  minerals  from  Chanarcillo,  Chili,  states  that 
pyrostilpnite  (feuerblende)  belongs  to  the  orthorhombic,  not  the 
monoclinic,  system.  The  conclusion  is  based  both  upon  the  meaa- 
sured  angles  and  the  optical  character. — (Jahrb.  Min.j  1878,  897). 

16.  J}ie  Meteoritensammlvng  der  Universitdt  Gdttingen^  von 
C.  Klein. — ^The  collection  of  meteorites  at  Gdttingen,  according 
to  the  recent  catalogue  of  Professor  Klein,  is  one  of  the  great 
collections  of  the  world,  including  meteoric  stones  from  116  dis- 
tinct falls,  and  90  meteoric  irons  from  different  localities. 

17.  Enstatite  rock  from  South  Africa, — Professor  Maskelyne 
has  described  a  rock  from  two  localities  in  the  Transvaal,  South 
Africa,  consisting  solely  of  massive  enstatite.  This  is  a  kind  pre- 
viously not  recognized  in  litholo^y,  although  rocks  have  been 
known  which,  as  Iherzolyte,  contain  enstatite  as  a  prominent  in- 
gredient. 

ni.  Botany  and  Zoology. 

1.  Polyembryony^  true  and  faUe^  afid  its  relation  to  Partheno- 
genesis,— Strasburger  has  an  interesting  paper,  Ueber  Polyembry- 
oniey  in  the  Zeitschrift  ftlr  Naturwissenschaft  of  Jena  (1878), 
which  we  know  as  yet  only  at  second  hand,  chiefly  from  a  notice 
in  the  Archives  des  Sciences  Phys.  et  Nat.  of  February,  1879. 

Strasburger's  researches  upon  the  fecundation  of  the  angiosper- 
mous  Phffinogams  show  that  the  embryo-sac  very  seldom  produces 
more  than  one  embryonal  vesicle  which  is  fecundated  or  capable 
of  being  fecundated.  The  single  constant  exception  to  this  rule, 
known  to  him,  is  that  of  Santalum  aUntm  which  produces  two ; 
and  one  or  two  Orchids  are  mentioned  in  which  the  embryonal 
vesicle  divides  into  two,  occasionally.  True  polyembryony  must 
therefore  be  very  rare  in  Angiosperms.  But  Heeds  containing 
more  than  one  embryo  are  of  common  occurrence  in  oranges,  in 
Faiikiay  Allium  or  Nothoscordum^  etc.  According  to  Strasbur- 
ger, all  supernumerarv  embryos  in  such  cases  are  adventitious, 
originate  outside  of  the  embryo-sac  by  a  kind  of  prolification  in 
the  nucleus,  and  are  not  fecundated  at  all.  They  appear  in  the 
form  of  minute  cellular  protuberances,  which  lengthen  by  degrees 
and  push  into  the  embryo-sac  by  a  sort  of  hernia,  or  pierce  their 
way  into  it,  becoming  in  the  ripe  seed  veritable  embryos,  which  it  is 
not  easy  to  distinguish  from  the  one  resulting  from  tne  fecundation 
of  the  embryonal  vesicle  itself.  Independent  as  these  adventive 
embryos  are  of  fecundation,  yet  Strasburger  could  not  obtain  them 
in  Nothoscordum  when  he  had  extirpated  the  stamens  before  an- 
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tbef^is  and  prevented  access  of  pollen.  But  it  appears  that  Ccslo- 
hogyne  is  just  a  case  of  this  kind,  namely,  one  in  which  an  adven- 
tive  embryo  is  habitually  produced,  instead  of  the  normal  embryo 
which  fails  from  the  want  of  fecundation,  the  male  plant  not 
being  in  cultiyation.  It  is  understood  that  this  is  not  a  mere 
inference,  but  that  Strasburger  has  traced  the  development  of  the 
embryonal  vesicle  in  the  ovule  of  Vadohogyne^  followed  by  its 
failure  and  resorption,  and  by  the  independent  production  of 
adventive  embryos  in  the  manner  above  described. 

This,  then,  gives  an  explanation  of  the  long-disputed  partheno- 
genesis of  Ccelobogyne^  and  therefore  of  the  less  notable  instances. 

Parthenogenesis,  it  is  then  concluded,  is  only  in  appearance ;  it 
is  sometimes,  and  perhaps  in  all  cases,  '^  a  prolification  of  the 
nucleus."  Now  we  should  insist  that,  since  the  result  is  "  a  veri- 
table embryo"  (equivalent  in  structure,  position  of  radicle,  and 
ultimate  growth  to  the  true  embryo),  and  not  a  bud,  parthenogen- 
esis is  the  just  name;  that  the  very  interesting  and  important 
conclusion  attained  is  that  parthenoo:eny  results,  not  from  the 
development  of  an  unfecundated  embryonal  vesicle,  as  was  sup- 
posed, but  from  a  development  of  other  and  extraneous  cells  into 
an  embryo;  also  that  it  is  not  very  rare,  since  the  adventive 
or  supernumerary  embryos  of  various  seeds  are  cases  of  this  par 
theuogeny. 

Not  the  least  interesting  consideration  is,  that  we  have  here  a 
counterpart  of  what  De  Bary  terms  Apogamy^ — instead  of  an 
analogue  of  it.  Apogamy  is  a  vegetative  prolification  from  what 
should  normally  result  in  the  product  of  sexual  reproduction. 
Parthefiogeny  proves  to  be  the  inverse  of  this,  a  vegetative  pro- 
duction in  the  ovule  of  the  proper  result  of  sexual  reproduction, 
viz:  embryo.  And  finally,  we  have  in  these  two  modes  taken 
together — what  was  quite  to  be  expected — a  manifest  and  signifi- 
cant narrowing  of  the  hiatus  between  vegetative  and  sexual  repro- 
duction, which  Mr.  Darwin  may  turn  to  account. 

Some  applications  of  this  new  knowledge  may  be  made.  It  is 
quite  possible  that  more  embryos  than  we  are  aware  of  may  be 
adventive.  Rather  more  than  a  year  ago  we  gave  an  abstract  in 
this  Journal*  of  Mr.  Francis  Parkman's  interesting  paper  on  the 
hybridization  of  Lilies.  It  may  be  remembered  that  the  greater 
part  of  his  hybrids  exactly  reproduced  the  female  parent.  The 
explanation  which  we  suggested  to  him,  and  which  he  refers  to  in  his 
paper,  was,  that  those  plants  were  not  really  hybrids  at  all,  but  were 
from  embryos  originated  without  male  influence.  What  then 
seemed  to  us  the  least  improbable  explanation,  would  now  appear 
to  be  the  one  altogether  probable.  a.  g. 

2.  Notes  on  EuphorhiaceoB.  By  Gborgb  Bkntham.  (Extr.  Jour. 
Lina  Society,  No.  100,  Dec,  1878,  vol.  xvii.  pp.  185-267).— This 
thoughtful  essay  ])resent8  the  general  views  attained  to  by  Mr. 
Bentham  on  working  up  the  genera  of  the  great  order  Euphorbia' 
ceoB  for  the  ensuing  volume  of  the  Genera  Plantarum.     We  need 

♦  The  number  for  February,  1878,  p.  151. 
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not  specify  any  of  the  results,  except  to  indicate  the  author's 
decision  in  the  case  of  the  Buxece,  lie  does  not  follow  his  pred- 
ecessors, Baillon  and  J.  Mueller,  who,  much  as  they  differ  in  other 
respects,  agreed  in  setting  up  the  order  JBuxacece,  taking  their 
cue  from  Agardh,  and  making  much  of  the  dorsal  rhaphe.  Ben- 
tham  concludes  that  this  small  group,  however  well  defined,  ought 
not  in  a  general  view  to  be  regarded  as  of  higher  grade  than  one 
of  the  pnmary  divisions,  or  tribes,  of  IfJuphoroiacecB.  We  are  not 
the  less  pleased  with  this  that  we  quite  expected  it. 

A  wider  interest  will  be  felt  in  Mr.  Bentham's  excursus  on 
nomenclature,  or  rather  on  some  questions  which  the  study  of 
JEuphorbiacecB  brought  up,  and  which  some  recent  discussions  have 
made  pertinent.  The  general  laws  of  nomenclature  of  our  dav, 
and  the  principles  on  which  they  rest,  are  laid  down  in  the  code 
which  was  reported  by  Alphonse  DeCandolle  to  the  Paris  Inter- 
national Convention,  in  the  year  1867,  and,  being  approved,  was 
published  with  a  commentary  in  the  autumn  of  that  year,  and  in 
an  English  translation  early  in  the  following  year.  ITie  laws, 
without  the  commentary,  were  printed  in  this  Journal  for  July, 
1868.  The  ten  years  succeeding  have  tested,  somewhat  thor- 
oughly, the  questions  (nearly  all  of  minor  moment)  upon  which 
differing  usages  prevailed ;  and  though  one  or  two  points  are  still 
mooted,  the  great  majority  of  phaenogamous  botanists  are  coming 
to  be  of  one  mind  and  practice.  But,  as  Mr.  Bentham  remarks : 
''The  result  has  not  been  quite  effectual  in  checking  the  ever- 
increasing  spread  of  confusion  in  synonjrmy.  Besides  the  young 
liberal-mmded  botanists  who  scorn  to  submit  to  any  rule  but  their 
own,  there  are  others  who  differ  materially  in  their  interpretation 
of  some  of  the  laws,  or  who  do  not  perceive  that  in  following  too 
strictly  their  letter  instead  of  their  spirit,  they  are  only  adding 
needlessly  to  the  general  disorder.  In  the  application  as  well  as 
in  the  interpretation  of  these  rules  they  do  not  sufficiently  bear  in 
mind  two  general  principles;  first,  that  the  object  of* the  Lin- 
naean  nomenclature  is  the  ready  identification  of  species,  genera, 
or  other  groups  for  study  or  reference,  not  the  glorification  of  bot- 
anists ;  and  secondly,  that  changing  an  estabUshed  name  is  very 
different  from  giving  a  new  name  to  a  new  plant." 

It  is  to  the  latter  point  that  this  most  experience  and  even- 
minded  botanist  addresses  himself.  "The  rule  that  long-estab- 
lished custom  amounts  to  prescription,  and  may  justify  the  main- 
tenance of  names  which  form  exceptions  to  those  laws  which 
should  be  strictly  adhered  to  in  naming  new  plants,  is  unfortunately 

now  frequently  ignored The  law  of  priority  is  an 

excellent  one ;  and  when  a  genus  or  species  has  been  well  defined 
by  an  early  botanist  in  a  generally  accessible  work,  but  has  sub- ' 
sequently  been  neglected,  and  the  plant  became  known  under 
other  names,  it  is  well  that  the  original  one  should  be  restored. 
.  .  .  .  On  the  other  hand,  it  creates  nothing  but  confusion  to 
suppress  a  generic  name,  well-characterized  and  universally 
adopted  by  long  custom,  in  favor  of  a  long-forgotten  one,  vaguely 
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designated  in  an  obscure  work,  out  of  the  reach  of  the  great 
majority  of  botanists The  greater  number  of  Seek- 
er's genera  have  been  so  imperfectly  characterized,  with  so  absurd 
a  terminology,  that  they  are  quite  indeterminable ;  and  his  names 
deserve  to  be  absolutely  ignored,  except  in  the  very  few  cases 
where  Jussieu  or  other  early  French  botanists  have  succeeded  in 
identifying  them,  and  corrected  their  characters;  but  even  then 
it  is  doubtful  whether  these  names  should  not  bear  the  date  of  the 
correction,  rather  than  of  the  original  work.  Adanson's  "  Fam- 
ilies," with  all  the  inconveniences  of  its  form  and  absurd  orthog- 
raphy, is  much  more  scientific,  and  many  of  his  genera  are  well 
defined,  and  have  therefore  been  properly  adopted."     .... 

Let  us  here  interject  a  practical  application,  lliere  is  an  old 
and  well-established  genus  Smilacina  of  Desfontaines.  There  is  a 
much  older  genus  Tovaria  of  Ruiz  and  Pavon,  founded  in  1794, 
ever  since  accepted,  and  without  a  synonym.  Recently  Mr.  Baker 
of  Kew,  finding  that  Necker  has  a  Tovaria^  published  m  1700,  and 
therefore  four  years  earlier  than  that  of  Ruiz  and  Pavon,  takes  up 
this  name  in  place  of  SmUacina^  and  leaves  a  new  name  to  be 
made  for  the  long-established  homonymous  eenus.  It  will  be  said 
that  the  rule  of  priority  demands  the  sacrifice,  and  that  the  iden- 
tification of  Necker's  genus  is  sure,  because  the  three  Linnsean 
species  of  ConimUaria  which  properly  constitute  Desfontaines' 
fSmilacina  are  referred  to  it  by  name;  and  that,  though  it  be  a  case 
of  summumjus  summa  injuria^  the  injurious  consequence  is  a 
necessity.  But  Mr.  Hentham's  characterization  of  Necker's  work 
applies  even  to  this  instanc^e.  Twice  over  Necker's  Tovarifi  is 
described  as  having  a  perianth  of  five  sepals,  and  the  berry  is  said 
to  be  one-celled.  Desfontaines'  Smilacina^  on  the  other  hand,  is 
correctly  characterized.  Moreover,  if  we  do  not  include  this 
among  those  names  of  Necker  which,  Mr.  Bentham  says,  "  deserve 
to  be  absolutely  ignored,"  we  may  yet  find  that  the  law  of  prior- 
ity has  another  claim  on  it  In  1763  a  much  belter  botanist  than 
Necker,  viz:  Adanson,  founded  a  genus  Tovara  (essentially  the 
same  name  as  Tovaria)  on  Polygonum  Virginia) nint  L.,  which  is 
not  unlikely  to  be  taken  up  as  a  genus ;  and  the  name  would  super- 
sede Necker's  by  the  same  rule  that  Necker's  supersedes  Desfon- 
taines' Smilacina,  All  things  considered,  then,  this  is  a  case  for 
the  application  of  the  homely  but  useful  rule  Quieta  nan  movere  ; 
and  much  of  Mr.  Bentham's  pertinent  advice  may  be  condensed 
into  this  maxim.  But  there  remain  nice  questions  to  settle  with 
regard  to  the  names  and  extent  of  the  liliaceous  genus. 

"The  representing  the  Greek  aspirate  by  an  h  was  generally 
neglected  by  early  ootanists ;  but  now,  ever  since  DeCandolle 
altered  Elichrysum  into  Hdichrysum^  modern  purists  have 
insisted  upon  inserting  the  A  in  all  cases ;  and  this  has  been  so 
far  acquiesced  in  that  it  is  difficult  now  to  object  to  it,  though  it 
has  the  effect  of  removing  so  many  generic  names  to  a  distant 
part  of  all  indexes,  alphabetical  catalogues,  etc.  Admitting  the 
propriety  of  adding  the  aspirate  in  new  names,  1  had  long  declined 
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to  alter  old  names  on  this  account ;  now,  however,  I  find  myself 
compelled  to  follow  the  current."  Which  is,  on  the  whole,  regret- 
able,  especially  as  Alph.  DeCandolle  would  hold  out  with  him. 
See  the  latter's  comment  on  his  Article  66,  in  which  the  remark  is 
dropped  that,  "  we  do  not  see  why  we  should  be  more  rigorous 
than  the  Greeks  themselves."  Oddly  enough,  these  same  writers 
who  must  supply  the  aspirate  to  the  e  omit  it  from  the  r,  and  write 
rachis  and  raphe^  instead  of  rhachis  and  rhaphe, — which  is  exas- 
perating to  lovers  of  uniformity. 

It  is  unnecessary  here  to  cite  Mr.  Bentham's  appropriate  illus- 
tration of  the  indivisibility  of  the  two-worded  name  of  a  plant. 
The  proper  apprehension  of  this,  and  of  the  paramount  rule  that 
no  unnecessary  new  names  should  be  given  to  old  plants,  will  go 
far  to  rid  the  science  of  a  principal  remaining  ambiguity  in  nomen- 
clature. For  it  clearly  follows  that  when  a  plant  has  a  rightful 
name  under  its  proper  genus,  the  specific  halt  of  it  is  not  to  be 
changed  because  of  any  earlier  specific  name  under  some  other 
genus,  to  which  the  plant  does  not  belong.  a.  g. 

3.  Journal  of  a  Tour  in  Marocco  and  the  Cheat  Atlas.  By 
Joseph  Dalton  Rookbr,  K.C.S.L,  etc.,  and  John  Ball,  F.R.S., 
etc.  A  brief  notice  of  the  geological  appendix  in  this  work  is 
given  on  page  332.  We  add  here  a  few  words  on  the  botanical  re- 
sults. Sir  Joseph  Hooker  contributes  an  article  on  some  of  the 
economic  plants;  the  most  important  portion  of  which  relates  to 
the  Argan  tree,  the  natural  and  economical  history  of  which  is 
now  pretty  well  known.  The  narrative  contains  a  wood-cut  figure 
of  a  group  of  old  Argan  trees,  in  which  goats  are  seen  high  up 
among  the  spreading  branches,  feeding  upon  the  fruit.  Of  higher 
scientific  interest  is  the  compai-ison  of  the  Canarian  flora  with  the 
Maroccan  (of  which  we  cannot  here  undertake  an  abstract) ;  also 
the  comparison  of  the  Atlas  flora  with  that  of  the  mountains  of 
Grenada,  and  of  northern  Europe.  So  far  as  is  yet  known,  the 
north  European  or  Germanic  character  largely  preponderates  in 
it,  yet  absolutely  without  alpine  representatives.  These  last  prob- 
ably exist,  but  at  elevations  which  have  not  yet  been  reached.  It 
was  a  trying  experience  to  have  surmounted  a  pass  of  the  Great 
Atlas  range,  only  to  encounter  a  snow-storm,  ana  to  be  obliged  to 
turn  back  without  reaching  the  higher  crests  so  near  at  hand. 
Mr.  Ball  has  worked  up  the  botanical  results  technically  and  sys- 
tematically in  his  SpicUegium  Florm  MaroccancB^  which  fills  nearly 
500  pages  of  the  sixteenth  volume  of  the  Journal  of  the  Linnean 
Society,  and  is  illustrated  by  twenty  plates.  a.  g. 

4.  Katov^s  JF'erns  of  North  America, — We  are  not  sure  that  we 
have  noticed  the  later  issues  of  this  work,  so  important  to  all  fern- 
people  and  botanists.  But,  in  any  case,  we  must  make  a  note  of 
I'arts  12  and  13,  a  double  number,  which  has  just  come  to  hand, 
the  plates  are  so  excellent.  As  to  the  letter-press,  this  is  always 
satisfactory.  Aspidium^  acrostichoides  is  well  represented,  and 
well  colored.  The  same  would  be  said  of  Pteris  aquilina^  were  it 
not  that  the  frond  looks  diminutive.    The  three  Asplenia  make  a 
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fine  plate.  But  the  figure  of  A.  parvulum  is  stiff:  we  never  saw 
it  growing  bolt  upright,  and  the  difference  in  size  between  this 
and  the  other  two  is  not  made  sufficiently  manifest.  A  somewhat 
more  northern  range  must  be  assi^ed  to  this  species.  We  found 
it  rather  common  in  the  mountains  of  the  southern  part  of  Vir- 
ginia, as  well  as  in  North  Carolina.  Adiantum  CapiUvih  Veneris^ 
the  subject  of  the  next  plate,  and  which  is  luxuriantly  delineated, 
has  just  now  come  in  from  the  same  region  in  Virginia, — a  dis- 
covery by  Mr.  Sh  river.  A,  emargincUum  would  have  been  per- 
fectly presented  if  the  green  were  brighter  and  lucid.  The  three 
species  of  Notholama  make  an  admirable  plate.  a.  o. 

6.  Algm  Amer,  Bor.  MesiccatcB ;  bv  Farlow,  Anderson  A 
Eaton,  Mtsc.  III. — The  third  Fasciculus  of  this  distribution  of 
North  American  AlgaB  has  just  been  issued.  It  consists  of  only 
thirty  specimens,  covering  twenty-nine  species  and  one  variety. 
But  as  most  of  the  species  are  large  plants,  the  paper  used  is  of  the 
folio  size  of  most  American  herbariums.  IVenty  of  the  Alg» 
are  of  the  black  or  olive-green  series,  and  the  other  nine  are 
Florideae.  Among  the  rarer  kinds  are  Sargassitm  pterpleuron^ 
from  Florida,  Fostelsia  palmcB/armiSy  Pterygophora  Califomica^ 
Dictyoneuron  and  NiereocysHSj  from  the  Pacific  Coast,  and  Sacco- 
rhiza  dermcUodeaj  from  the  coast  of  Maine.  The  FloridesB  embrace 
several  of  the  large  Oigartinas  of  the  Pacific  shore,  and  three  or 
four  of  those  very  puzzling  forms  of  CaliophylliSy  which  have  so 
long  been  an  unsolved  riddle  to  the  students  of  this  class  of 
plants.  Dr.  Farlow,  who  has  done  nearly  all  the  work  of  identi- 
fication, still  hesitates  to  acknowledge  the  presence  of  the  Euro- 
pean CaUophyUis  lacinicUa  on  the  coast  oi  California ;  but  then 
ne  has  named  two  new  species  of  the  genus.  No.  127,  0.  fwrcaia^ 
and  No.  129,  C.  gracilarioides. 

This  is  a  very  important  publication,  on  account  of  the  care, 
labor,  expense,  and  critical  investigation  which  are  bestowed 
upon  it,  not  to  speak  of  the  beauty  and  perfection  of  the  speci- 
mens ;  and  the  associated  authors  should  receive  the  best  thanks 
of  botanists.  a.  g. 

6.  On  the  BUnck  Mildew  of  Walls, — Professor  Leidy  remarked 
that  in  the  number  of  *'  Hardwicke's  Science  Gossip  "  for  August, 
presented  this  evening,  there  ic  an  article  by  Professor  Paley  en- 
titled, "Is  the  Blackness  on  St.  Paul's  merely  the  effect  of 
Smoke  ?"  According  to  the  author,  the  blackness  is  mainly  due 
to  the  growth  of  a  hitherto  undescribed  lichen,  which  appears  to 
flourish  on  limestone  and  in  situations  unaffected  by  the  direct 
rays  of  the  sun.  Professor  Leidy  continued,  that  his  attention 
had  been  called  a  number  of  years  ago  to  a  similar  black  appear- 
ance on  the  brick  walls  and  granite  work  of  houses  in  narrow 
shaded  streets,  especially  in  the  vicinity  of  the  Delaware  River. 
Noticing  a  similar  blackness  on  the  bricks  above  the  windows  of 
a  brewery,  from  which  there  was  a  constant  escape  of  watery 
vapor,  in  a  more  central  portion  of  the  city,  he  was  led  to  suspect 
that  it  was  of  a  vegetable  nature.    On  examination,  the  black 
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mildew  proved  to  be  an  alga,  closely  allied  to  what  he  supposed 
to  be  the  Protococcus  viridis,  which  gives  the  bright  green  color 
to  the  trunks  of  trees,  fences,  and  walls,  mostly  on  the  more 
shaded  and  northern  side,  everywhere  in  our  vicinity.  It  probably 
may  be  the  same  plant  in  a  dinerent  state,  but,  until  proved  to  be 
80,  may  be  distinguished  by  the  name  of  Protococcus  lugubris.  It 
consistH  of  minute  round  or  oval  cells,  from  0*006  to  0*009"*"*  in 
diameter,  isolated  or  in  pairs  or  in  groups  of  four,  the  result  of 
division ;  or  it  occurs  in  short  irregular  chains  of  four  or  more 
cells  up  to  a  dozen,  occasionally  with  a  lateral  offset  of  two  or 
more  cells.  The  cells  by  transmitted  light  appear  of  a  brownish 
or  olive-brownish  hue.  In  mass  to  the  naked  eye  the  alga  appears 
as  an  intensely  black  powder. — /Voc  Acad.  Nat.  Set.  Fhilad.y 
Sept.  3,  1878. 

7.  On  two  Bermuda  fishes^  mistakenly  described  as  new;  by 
Dr.  A.  GttNTHEB. — In  the  February  number  of  the  Annals  and 
Magazine  of  Natural  History,  pp.  160-161,  is  published  a  paper 
by  i)r.  A.  Gttnther,  F.R.S.,  "  On  two  new  Species  of  Fishes  from 
the  Bermudas."  The  species  which  he  names  Gerres  Jonesii,  was 
described  by  me  in  this  Journal,  vol.  vii,  August,  1874,  p.  123, 
under  the  name  Diapterus  Lefroyi  ;  that  called  by  him  Belone 
Jbnesiiy  was  also  described  by  me,  under  the  same  name,  and 
dedicated  to  the  same  worthy  naturalist,  in  this  Journal,  vol.  xiv, 
October,  1877,  p.  296.  The  descriptions  harmonize  in  all  essential 
details,  and  I  have  myself  seen  the  specimens  which  were  subse- 
quently presented  by  Mr.  Jones  to  the  British  Museum,  though 
my  own  descriptions  were  drawn  up  from  other  specimens  col- 
lected by  myself  at  nearly  the  same  time  and  locality. 

SDDdthsonian  Institution,  Feb.  17,  1879.  G.  BROWNB  GOODE. 

8.  Alaska  Chitons  and  Liinpets. — ^A  paper  on  this  subject,  by 
W.  H.  Dall,  giving  a  synopsis  of  the  genera  and  notes  on  the 
various  species  with  their  synonymy,  makes  a  number  of  the 
Bulletin  of  the  U.  S.  National  Museum.  It  is  illustrated  by  four 
plates,  and  some  wood-cuts,  representing  the  dentition  of  many  of 
the  species.  The  Bulletin  is  not  yet  separated  into  volumes,  and 
this  paper  is  No.  4  of  Mr.  DalPs  **  Scientific  Results  of  the  Explo- 
ration of  Alaska,"  the  first  two  numbers  being  in  Proc.  Philad. 
Acad.,  1876. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  On  the  discovery  of  mineral  wax^  Ozocerite^  in  TJtah ;  by 
Professor  J.  S.  Newberry.  (From  a  letter  to  the  Editors.) — I 
have  obtained  some  of  the  recently  discovered  ozocerite  in  Salt 
Lake  City  from  Professor  J.  E.  Clayton,  to  whom  also  I  am 
chiefly  indebted  for  such  information  as  I  have  in  regard  to  its 
place  and  manner  of  occurrence.  He  writes  me  as  follows :  "The 
geographical  position  of  the  ozocerite  deposits  is  in  the  Wahsatch 
Range,  on  the  head  waters  of  the  Spanish  Fork,  east  from  the 
south  end  of  Utah  Lake.    The  material  has  been  found  saturating 
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beds  of  brown  and  bloish  shales,  probably  of  Tertiary  age,  and  in 
masses  of  vanons  dimensions  more  or  less  mingled  with  clay. 
These  shales  extend  from  the  San  Pete  valley  in  a  north-northeast 
direction  for  a  distance  of  fifty  or  sixty  miles,  and  the  width  of 
the  area  or  basin  which  they  occupy  is  at  the  middle  point  about 
twenty  miles.  The  shale  beds  richest  in  parafiine  vary  in  thick- 
ness irom  twenty  to  sixty  feet,  but  there  is  no  considerable  accu- 
mulation of  that  substance  on  the  surface,  nor  would  this  be 
possible,  as  it  would  be  destroyed  by  the  annual  fires  which 
sweep  the  country.  I  examined  portions  of  this  region  two  years 
ago  for  coal,  and  found  in  the  oil  shales  a  few  thin  seams,  and 
saw  the  wax-like  exudation  in  several  places,  but  only  in  small 
quantity." 

Other  parties  in  Salt  Lake  informed  me  that  the  paraffine  itself 
is  sometimes  twenty  feet  thick,  and  that  the  quantity  is  enormous ; 
but  Professor  Clayton  says  that  such  statements  are  not  authorized 
by  any  facts  which  have  come  under  his  observation. 

In  the  above  remarks  I  have  called  the  earth  wax  of  Utah 
ozocerite.  As  it  has  been  stated  to  be  zietrisikite,  I  may  say  that 
on  my  return  from  the  west,  my  son  and  assistant,  Spencer  B. 
Newberry,  made  a  series  of  careful  experiments  in  my  laboratory 
to  determine  its  true  nature,  companng  it  with  the  description 
of  these  hydrocarbons,  and  with  authentic  specimens  which  I 
have  received  directly  from  Galicia.  He  found  that  it  had  a 
melting  point  of  61*5°  C,  that  it  was  completely  soluble  in  a 
large  volume  of  boiling  ether,  and  that  boiling  alcohol  extracted 
from  it  twenty  per  cent  of  a  white,  wax-like  substance.  It  seems, 
therefore,  to  oe  certainly  ozocerite  and  not  zietrisikite ;  the  latter 
melting  at  90**  C,  and  being  insoluble  in  ether. 

2.  'nie  American  Antiquarian  :  A  Quarterly  Journal  deyoted 
to  early  American  History,  Ethnology  and  ArchiBology,  edited 
by  Rev.  Stephen  D.  Pbbt.  Cleveland,  Ohio.  (Brooks,  Schinkel  & 
tfo.). — The  third  number  of  this  new  Journal  was  published  in 
January,  1879;  among  other  papers  it  contains  one  on  native 
American  Architecture,  by  K  A.  Barber,  which  is  illustrated  by 
several  figures  of  Colorado  Cliff  houses.  The  Journal  is  well 
edited  and  promises  to  be  of  value  to  all  interested  in  Archieology. 

3.  Wanaerings  in  South  America^  the  Northwest  of  the 
United  States  and  the  Antilles^  in  theyears  1812, 1816, 1820, 1824 ; 

by  Charles  Watbkton,  Esq.  New  edition,  edited  with  bio- 
graphical introduction  and  explanatory  index,  by  the  Rev.  B.  G. 
Wood.  520  pp.  8vo.  London,  1879.  (Macmillan  &  Co.). — ^The 
volume  of  '*  Waterton's  Wanderings"  was  first  published  in  1825, 
and  since  that  time  it  has  afforded  pleasure  and  profit  to  a  large 
number  of  readers.  In  the  present  edition  the  original  account  is 
left  unaltered,  but  to  this  are  added  a  full  and  appreciative  biog- 
raphy of  the  author,  by  the  Rev.  B.  G.  Wood,  and  a  valuable 
Explanatory  Index,  covering  160  pages,  in  which  information  is 
given  in  regard  to  the  many  unusual  animals,  birds  and  trees, 
mentioned  in  the  body  of  the  work. 
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4.  A  Real  Telegraph, — A  new  invention  of  a  really  practical 
character,  not  a  mere  "  paulo  post  futurum"  invention  like  many 
we  have  heard  of  lately,  has  just  been  made  by  Mr.  E.  A*  Cowper, 
the  well-known  mechanical  engineer.  It  is  a  real  telegraphic 
writing  machine.  The  writer  in  London  moves  his  pen,  and 
simultaneously  at  Brighton  another  pen  is  moved,  as  though  by 
a  phantom  hand,  in  precisely  similar  curves  and  motions.  The 
writer  writes  in  London,  the  ink  marks  in  Brighton.  We  have 
seen  this  instrument  at  work,  and  its  marvels  are  quite  as  startling 
as  those  of  the  telephone.  The  pen  at  the  receiving  end  has  all 
the  appearance  of  being  guided  by  a  spirit  hand.  The  apparatus 
is  shortly  to  be  made  public  before  the  Society  of  Telegraph 
Engineers. — Nature^  Feb.  6. 

6.  The  chemical  composition  and  physical  properties  of  Steel 
Hails.— Dr.  C.  B.  Dudlky,  Chemist  of  the  Pennsylvania  Railroad 
Company,  has  made  an  extended  investigation  of  the  relation 
between  the  chemical  composition  of  steel  rails  and  their  power 
to  withstand  wear,  and  in  view  of  the  ffi'eat  practical  importance 
of  the  subject  his  results  cannot  fail  to  have  a  high  value.  Some 
of  his  conclusions  are : — that  high  phosphorus  is  inconsistent  with 
safety ;  that  the  silicon  should  be  as  low  as  is  consistent  with  the 
successful  working  of  the  Bessemer  process ;  that  the  best  range  of 
carbon  is  0*25  to  0*35  per  cent,  and  of  manganese  from  0*^0  to 
0*40  per  cent.  He  also  concludes  that  the  wearing  power  of  steel 
rails  does  necessarily  increase  with  their  greater  hardness. — ( IVans, 
InM.  Min.  J£ngineers^  vol.  vil) 

6.  llie  Meteorologist^  published  monthly  in  the  interest  of  the 
Science  of  Meteorology.  Vol.  i,  No.  1,  March,  1879,  J.  M.  L. 
Stump,  editor,  Greensburg,  Pa.  An  eight-page  journal  devoted 
to  meteorology. 

7.  The  Paleontologist.  No.  3,  Jan.  16,  1879,  Cincinnati  Con- 
tains description  of  new  species  of  fossils  from  the  Lower  and 
Upper  Siluhan  rocks  of  Ohio,  by  U.  P.  James. 

OBITUARY. 

Professor  Gustav  Leonhard,  of  Heidelberg,  died  December  27, 
1878.  He  was  well  known  as  the  author  of  works  on  Mineralogy 
and  Geognosy,  and  as  editor  with  Professer  H.  B.  Geinitz,  of  the 
Neues  Jahrbuch  fdr  Mineralogie,  Geologic  und  Paleontologie. 

On  the  extent  and  significanoe  of  the  Wisoonsin  Kettle  Moraine,  by  T.  0.  Cham- 
berlain, A.M.,  State  Geologist  and  Professor  of  G^logy  in  Beloit  College  (Trans. 
Wise  Academy  of  Sdenoes.) 

On  the  Annelida  Cbffitopoda  of  the  Yirfirinian  Coast,  by  H.  E.  Webster  (Transao- 
tions  of  the  Albany  Institute,  vol.  ix,  January,  1819.) 

Apuntes  relativos  4  los  Huracanes  de  las  Antillas  en  Septiembre  y  Octubre  de 
1815  y  1816 ;  Discurso  leido  en  la  real  Academia  de  Ciencias  Medicas,  Fisicas  y 
Naturales  de  la  Habana  en  Sesion  del  9  de  Septiembre  de  1811  y  sig^entes;  par 
el  socio  de  merito  Rdo,  P.  Benito  Yifies,  S.  J.,  Director  del  Obsenratorio.  25  > 
pp.  8yo.    Havana,  1878. 

The  Local  Geology  of  Davenport,  Iowa;  by  Rev.  W.  H.  Barris  (Davenport 
Academy  Natural  Sciences,  Sept.,  1816).  New  Fossils  from  the  Corniferous  For- 
mation at  Davenport  (ibid.,  Oct,  1818). 
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Abt  XLL — Eocperiments  in  Oross-Breeding  Plants  of  the  same 
variety;  bj  Professor  W.  J.  Bkal. 

Eably  in  the  spring  of  1877,  the  writer  received  the  first 
review  of  Darwin's  book  on  **  The  Eflfects  of  Cross  and  Self- 
fertilization  of  Plants."  The  boot  seemed  to  be  a  most  in- 
structive production,  one  which  has  not  been  excelled  in  impor- 
tance to  tne  farmer  by  any  work  in  this  or  in  any  age.  But,  in 
the  words  of  the  Gardener's  Chronicle,  "  It  is  certain  that  these 
practical  results  will  be  a  long  time  filtering  into  the  minds  of 
those  who  will  eventually  profit  most  by  them."  If  the  results 
are  so  valuable,  and  if  it  will  take  a  long  time  to  reach  the 
farmers,  this  **  filtering"  process  cannot  begin  too  soon,  nor  be 
too  continuously  kept  before  them.  The  writer  lost  no  time  in 
trying  similar  expenments  on  several  of  our  cultivated  plants, 
as  apples,  onions,  Indian  corn  and  beans. 

Experiments  with  Indian  corn. — Yellow  dent  com  was  ob- 
tained from  two  men  in  different  portions  of  Michigan.  In  one 
case  the  corn  had  been  kept  ten  years  or  more  on  the  same 
farm,  and  in  the  other  case  fifteen  years  or  more  on  the  same 
&rm.  In  both  cases  the  corn  was  much  alika  The  two  lots 
of  corn  were  planted  in  alternate  rows  in  a  plot  by  itself.  The 
tops  of  one  set  of  rows  were  all  cut  off,  thus  securing  a  perfect 
cross  on  those  stalks.  Seed  from  this  cross  was  saved  and 
planted  to  compare  with  corn  not  so  crossed.  The  yield  from 
the  crossed  seed  exceeded  the  yield  of  that  not  crossed,  as  one 
hundred  and  fifty-three  (158)  exceeds  one  hundred  (100). 

Crossing  black  wax  beans. — There  were,  as  shown  in  the  plat 
below,  eight  short  rows  two  feet  apart  with  the  plants  finally 
thinned  on  July  lOtb,  to  five  plants  about  fifteen  inches  apart 
Am.  Joub.  Sci.— Third  Siribs,  Vol.  XVIL— No.  101,  Mat,  ISTV. 
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in  the  row.  The  seed  for  half  the  rows  (alternating)  is  called 
"  old  stock,"  and  was  raised  in  the  garden  the  previous  year 
from  seeds  which  descended  from  those  raised  on  the  place  for 
nine  years  or  mora 

The  "crossed  stock"  was  obtained  as  follows :  in  1877,  some 
seeds  .of  the  same  variety  of  beans  were  purchased  of  James 
Vick.  These  were  planted  in  a  drill  evenly  mixed  with  seeds 
of  the  old  stock.  These  grew  and  looked  alike,  but  the  flowers 
were  inter-crossed  by  bees.  Seeds  of  this  crop  are  termed 
"crossed  stock." 

On  May  81,  1878,  fifteen  seeds  were  planted  in  each  of  the 
eight  rows.  The  plants  from  the  crossed  seeds  were  generally 
much  the  largest  and  as  will  be  seen  kept  green  the  longest. 

In  ten  days  after  planting,  seeds  of  the  old  stock  came  up  in 

each  row  as  follows : 4,    7,    7,    9=27 

In  ten  days  the  crossed  stock  came  as  follows:  12,  10,    6,  11=89 

In  seventeen  days  the  old  stock  came  as  follows :     7,  11,  10,  10=38 

«  «      « crossed "  **       «  12,  18,  10,  14=49 

On  July  22,  the  pods  fit  for  cooking  on  each  plant  numbered 
as  follows.  The  pods  on  the  two  lots  of  plants  were  about 
alike  in  size. 


Old  stock 

36 

1 

dead 

7 

13  =  67 

Crossed  stock 

dead 

0 

0 

41 

0  = 

41 

Old  stock 

0 

0 

8 

0 

11  =  19 

Crossed  stock 

6 

22 

34 

0 

17  = 

79 

Old  stock 

30 

0 

0 

0 

0  =  80 

Crossed  stock 

41 

37 

21 

31 

0  = 

130 

Old  stock 

0 

0 

0 

0 

2=    2 

Crossed  stock 

16 

29 

30 

26 

2  = 

103 

Total  old  stock  =  108 

Total  crossed  stock  =  353 

This  variety  is  greatly  raised  for  the  purpose  of  supplying 
an  early  crop  of  beans  to  eat  pods  and  all  while  young.  The 
dificrence  will  be  seen  to  be  over  three  to  one  in  favor  of  the 
crossed  stock. 

On  August  9,  the  pods  fit  for  cooking  or  past  that  condition 
were  as  follows : 


174 
276 
249 
340 


Old  stock 

52 

60 

dead 

48 

45  =  200 

Crossed  stock 

dead 

24 

16 

51 

83  = 

Old  stock 

88 

46 

44 

71 

37  =  236 

Crossed  stock 

85 

52 

58 

69 

62  = 

Old  stock 

39 

34 

30 

47 

87  =  287 

Crossed  stock 

63 

48 

11 

66 

61  = 

Old  stock 

38 

46 

54 

38 

39  =  210 

Crossed  stock 

38 

90 

52 

88 

81  = 

Total  old  stock         =    883 
Total  crossed  stock  =  1048 
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On  or  before  September  16,  all  were  harvested.     The  pods 
on  each  plant  numbered  as  follows : 


Old  stock 

60 

62        dead       45      39  =  206 

Crossed  stock 

dead 

160          54          20    139  = 

Old  stock 

45 

48         86*        11      37  =  237 

Crossed  stock 

36 

145          91          72      61  = 

Old  stock 

45 

35         37          38     35t=  190 

Crossed  stock 

103 

68          55         128      75  zz: 

Old  stock 

30 

39          48          28      40  =  186 

Crossed  stock 

136 

159         58        172    128  = 

Total  old  stock        =    818 
Total  cross  stock     =  1859 

382 
395 
429 
658 


On  comparing  the  table  for  August  9th,  with  that  for  Sep- 
tember 16,  it  will  be  seen  that  some  plants  of  the  old  stock  had 
lost  part  of  their  fruit  This  was  on  account  of  the  decay  of 
101  pods.  The  table  also  shows  that  two  branches  were  broken 
and  nad  died  before  maturing.     These  contained  78  pods. 

Adding  101  and  78  to  818,  we  have  992  pods  of  the  old, 
against  1859  of  the  crossed.  In  harvesting,  all  those  pods 
badly  damaged  were  rejected.  The  beans  of  the  old  stock 
weighed  29*77  ounces  avoirdupois,  those  of  the  crossed  stock 
weighed  70*88  ounces  avoirdupois,  or  nearly  in  the  proportion 
of  100  to  286. 

The  diflfcrence  would  be  a  little  less,  if  we  allow  for  the 
broken  plants  and  decayed  pods  on  the  old  stock.  One  plant 
of  the  old  and  one  plant  of  the  crossed  stock  died  early  and 
produced  no  fruit 

Six  lots  of  50  beans  each,  were  taken  at  random  from  the 
old  stock  and  weighed  as  follows : 

60  seeds     281  grains.  50  seeds     260  grains. 

50  seeds     262  grains.  50  seeds     259  grains. 

50  seeds     270  grains.  60  seeds     284  grains. 

Total,  1,616  grains.  Average,  269f  grains. 

The  same  number  of  seeds  were  taken  from  the  crossed 
stock  and  weighed  as  follows : 

50  seeds    220  grains.  50  seeds    210  grains. 

50  seeds     219  grains.  50  seeds    210  grains. 

50  seeds    200  grains.  50  seeds     220  grains. 

Total,  1,279  grains.  Average,  218|  grains. 

The  average  weights  of  an  equal  number  of  beans  from  each 
stock  were  nearly  as  100  to  79  in  favor  of  the  old  stock. 
Agricultural  College,  Lansing,  Michigan. 

*  This  plant  contained  a  dead  branch  with  21  immature  pods. 
t  This  plant  contained  a  dead  branch  with  62  immature  pods. 
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[Abt.  XLEL — On  the  Force  of  Effective  Molecular  Action  ;  by 
Professor  W.  A.  Norton. 

[An  abftraot  of  this  p^^er  wu  read  before  the  Natioiml  Aoademy  of  ScienoeB. 
April  18,  1878.] 

In  my  paper  on  the  variability  of  the  ultimate  molecule,  pub- 
lished in  the  March  number  of  this  Journal,  I  gave  the  follow- 
ing theoretical  expression  for  the  force  of  effective  action  of 
one  ultimate  molecule  of  a  body  on  another  contiguous  to  it, 
deduced  from  certain  fundamental  conceptions  which  were 
succinctly  stated : 

n(8r'+2ng)     _m 

(r+a;)'(2r+a;)«     ««'  ^^' 

in  which  x  denotes  the  distance  between  the  electric  envelopes 
of  the  contiguous  molecules ;  r  the  distance  between  the  center  of 
emanation  of  the  attractive  force,  f  represented  by  the  first 
term,  and  that  of  the  repulsion  /',  represented  by  the  second 
term ;  n  the  coefficient  of  tne  attraction/  and  m  that  of  the  repul- 
sion/'. The  expression  has  been  simplified  by  making  one  or 
two  assumptions  that  do  not  strictly  accord  with  fact,  but 
which  can  occasion  no  material  error  m  the  general  discussion 
now  proposed ;  as  will  be  shown  on  another  occasion. 

If  we  put  xz=^ury  — =*,  and  -j=p,  it  becomes 

/_JK3+2t/) 1_\ 

'  - \(i+w)'(2+w)'       t<7^'  ^  ^ 

If  this  be  a  true  theoretical  expression  for  the  force  of  effec- 
tive molecular  action,  it  should  comprise  the  essential  mechani- 
cal theory  of  solids,  lic[uids,  and  gases,  as  well  as  the  special 
mechanical  features  of  individual  substances ;  and  should  suc- 
cessfully withstand  all  the  quantitative  and  qualitative  tests  that 
can  be  applied  to  it  I  propose  now  to  give  the  result  of  the 
application  of  a  number  of  such  tests ;  and  to  show  that  the  char- 
acteristic features  and  laws  of  the  three  different  states  of  aggre- 
gation are  deducible  from  it 

Theory  indicates  that  in  the  comparison  of  different  solids, 
liquids,  or  gases,  among  themselves,  at  the  same  temperature, 

plzs.  --r)  niay  be  regarded  as  constant    In  fact  we  shall  for  the 

present  assume  that  both  m  and  r,  as  well  as  p,  are  constant  for 
substances  in  the  same  state  of  aggregation,  when  the  tempera- 
ture is  the  sama  Upon  this  assumption  one  substance  will  dif- 
fer from  another,  in  its  essential  molecular  condition,  only  in 

the  value  of  k.  that  is  of  the  ratio —  of  the  coefficients  of  the 
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attractive  and  repulsive  forces  /  and  f.  I  have  made  a  series 
of  calculations  of  the  values  of  F  for  various  assigned  values  of 
X,  answering  to  a  number  of  different  values  attributed  to  k. 
Each  set  of  calculations,  if  graphically  represented,  will  give  a 
curve  that  may  be  termed  a  curve  of  effective  molecular  action. 
It  will  represent  to  the  eye  the  essential  mechanical  features  of 
a  body  for  which  the  assumed  value  of  k  obtain& 


Fig.  1  is  such  a  curve  answering  to  ife  =  6'428.  In  Fig.  2, 
curve  c,  the  same  curve  is  shown  on  a  smaller  scale  (both 
horizontal  and  vertical).  Curve  a  in  this  figure  answers  to 
i  =  12-41,  and  curve  b  answers  to  i  =  9*44.  Fig.  1  may  be 
taken  as  a  type  curve  exhibiting  the  features  common  to  the 
special  curves.  The  positive  ordinates  indicate  comparative 
values  of  an  effective  attractive  force  in  multiples  of  jt>,  answer- 
ing to  certain  distances  x  expressed  in  multiples  of  r ;  and  the 
n^ative  ordinates  indicate  values  of  an  effective  repulsive 
force  obtaining  at  other  distances  oc  The  distance  Oo,  be- 
tween molecular  envelopes,  at  which  the  effective  force  is  zero, 
is  that  which  obtains  when  no  external  force  of  stress  is  in 
operation.  It  may  be  called  the  neutral  disi'ince.  At  all  less  dis- 
tances, a:,  as  Oe,  that  may  supervene  when  a  compressive  stress 
is  applied  to  the  body,  the  effective  force,  er,  is  repulsive. 
When  a  tensile  stress  is  in  operation,  increasing  the  distance  x, 
the  effective  force,  as  2«,  becomes  attractive,  and  increases  in  in- 
tensity to  the  maximum  value  6m,  at  the  moment  of  rupture. 
At  greater  distances,  as  03,  the  effective  attraction  falls  off; 
and  passes  into  a  repulsion  when  the  distance  becomes  greater 
than  Oc  This  repulsion  increases  with  the  distance  to  a  maxi- 
mum dn,  and  then  diminishes  continually  to  an  indefinite  dis- 
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taDce.  This  effective  repulsion,  operating  beyond  the  sphere 
of  the  effective  attraction,  manifests  itself  as  a  force  of  resist- 
ance in  the  contact  of  bodies.  A  glance  at  the  curves,  (a),  (6), 
(c)  in  fig.  2,  will  show  that  the  neutral  distance,  Oa,  (see  type 
curve,  fig.  1),  and  the  distance,  06,  answering  to  the  maxi- 
mum attractive  ordinate,  diminish,  in  multiples  of  r,  as  4  in- 
creases; and  that  on  the  other  hand,  Oc  and  Od  increase  as 
k  increases.  The  maximum  attractive  ordinate  increases,  in 
terms  of  p,  as  A  increases,  but  the  maximum  repulsive  ordi- 
nate augments  as  k  diminishes. 


=« — 


The  special  calculations  I  have  made  answer  to  various  as- 
sumed values  of  the  ratio  k,  ranging  from  0  to  20.  I  find  that 
when  this  ratio  exceeds  4'984,  the  effective  force  will  be  attrac- 
tive over  a  certain  range  of  distance,  and  thus  that  a  pc^rtion  of 
the  representative  curve  will  lie  above  the  axis  x,  as  in  the  curves 
shown  in  fig.  2 ;  and  that  when  this  ratio  is  less  than  4*984,  the 
effective  action  will  be  repulsive  at  all  molecular  distances,  and 
therefore  that  the  curve  will  lie  wholly  below  the  axis,  x,  as  in 
fig.  8.  We  must,  therefore,  conclude  that  for  all  solids  and 
licjuids,  k  must  exceed  4*984. 

The  absorption  of  the  pulses  of  heat  by  the  molecular  envel- 
opes of  a  boay  tends  to  expand  these  envelopes,  and  at  the  same 
time  to  augment  the  coefficient  of  repulsion,  m.  Heat,  there- 
fore, tends  to  diminish  the  ratio  k,  and  so  to  depress  the 
curve  of  effective  molecular  action.  When  by  the  continued 
access  of  heat,  this  ratio  is  brought  to  a  certain  small  value 


Digitized  by 


Google 


W,  A.  Norton — Force  of  Effective  Molecular  Action.      349 

somewhat  greater  than  4*984,  the  molecules  are  in  general 
brought  into  a  certain  condition  answering  to  the  licjuid  state, 
and  liqaeiaction  ensues.  When,  by  a  still  further  rise  of  tem- 
perature k  equals  4*984,  the  liquid  has  reached  the  boiling 
point  in  vacuo.  The  curve  of  effective  molecular  action  is  now 
that  shown  in  fig.  8  for  A;=4'98,  and  the  distance  between 
the  molecular  envelopes,  is  2*84  r. 

All  special  curves,  answering  to  particular  solids  or  liquids,  and 
so  to  values  of  h  greater  than  4*984,  have  certain  common  fea- 
tures, which  should  correspond  to  properties  that  have  been 
recognized  as  belonging  to  all  substances  in  the  solid  or  liquid 
state.  (1.)  One  of  these  is  that  the  curves  differ  little  from  a 
right  line  at  the  neutral  point  a  (fi^.  1).  This  corresponds, 
graphically,  to  the  well  known  law  of  molecular  displacement, 
that  the  effective  resistance  developed  is,  for  small  displace- 
ments, porportional  to  the  displacement  The  ratio  oi  the 
effective  force  2«,  to  the  displacement  a2,  may  be  taken  as  the 
measure  of  the  coefficient  of  elasticity,  in  considering  the 
comparative  values  of  this  coefficient  answering  to  varving 
amounts  of  tensile  stress,  and  so  to  various  d^rees  of  molecu- 
lar displacement  As  it  appears  that  this  ratio  is  nearly 
constant,  within  small  limits,  the  coefficient  of  elasticity  as 
experimentally  determined,  should  be  nearly  constant  within 
such  limits  ;  which  is  a  well-known  general  fact 

(2.)  An  examination  of  the  curves  will  serve  to  show — what 
is  a  conspicuous  result  of  the  discussion  of  the  equation — that 
as  the  tensile  stress  increases,  the  coefficient  of  elasticity  as 
measured  by  the  ratio  just  stated,  should  diminish  slowly  at 
first  and  then  more  rapidly.  Experiment  has  established  that 
in  general  the  coefficient  of  elasticity  of  a  material  varies  after 
this  manner.  But  to  make  the  test  more  decisive,  I  have  made 
a  series  of  detailed  comparisons  of  the  theoretical  with  ex- 
perimental results.  It  appears  that  for  all  values  of  k  rang- 
ing from  7'576  to  20  (which,  as  will  hereafter  appear,  may 
be  regarded  as  including  all  the  more  tenacious  solids)  the 

law  of  variation  of  the  molecular  ratio,  —   (fig.  1);   from  the 

point  a  to  m  (i.  a  from  zero  of  stress  to  the  point  of  rupture)  is 
sensibly  the  same.  Thus  at  the  point  m,  answering  to  rupture, 
this  ratio  becomes  reduced  to  0*808  of  its  value  at  the  neutral 
point,  a,  when  A=20;  to  0*801  when  A;=12-4l ;  and  to  0-316, 
when  A;=7*576;  and  the  correspondence  is  equally  close  at 
points  intermediate  between  a  and  m.     I  have  computed  the 

8'2 

comparative  values  of  the  ratio  —51  for  eighteen  supposed  val- 
ues of  the  displacement,  a2,  and  compared  this  scale  of  com- 
puted values, — which,  as  we  have  just  seen,  should  answer  to  any 
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of  the  more  tenacious  materials — ^with  a  correspoDding  series  of 
experimental  values  of  the  coefficient  of  elasticity  for  bars  of  cast 
iron,  wrought  iron,  steel  and  oak;  with  the  following  resulte.  For 
a  bar  of  cast  iron,  experimented  on  by  Captain  Rodman  (U.  S. 
Army),  the  corresponaence  is  very  close.  The  greatest  ratio  of 
error  does  not  exceed  j\.  For  five  bars  of  wrought  iron  taken 
for  comparison,  the  correspondence  proves  tolerably  close  up  to 
a  stress  equal  to  half  the  tenacity ;  but  at  the  higher  ratios  of 
stress,  the  coefficient  of  elasticity  diminishes  much  more  rapid- 
ly than  the  theory  calls  for.  For  the  cast  steel  bar  taken,  the 
coefficient  of  elasticity  is  greater  than  at  the  neutral  point  and 
materially  greater  than  the  corresponding  molecular  ratio,  un- 
til near  the  point  of  rupture,  where  the  two  become  nearly 
equal  d^j).  Several  bars  of  oak  examined  proved  to  be  in  the 
same  category  with  the  cast  steel,  except  that  the  coefficient 
ratio  at  the  point  of  rupture  was  reducea  to  from  ^^  to  j%  in- 
stead of  fV.  Four  bars  of  blister  steel  examined  present  a  case 
just  the  reverse  of  that  of  the  cast  steel  bar ;  the  coefficient  ratios 
are  at  all  stresses  less  than  the  corresponding  molecular  ratios. 
In  the  cases  cited  the  correspondences  between  the  theoretical 
and  the  experimental  results  are  sufficient  to  lend  support  to 
the  theory  ;  but  the  discrepancies  noticed  can  only  be  reconciled 
with  it  by  admitting  that  some  modifying  causes  are  in  opera- 
tion which  tend  to  produce  abnormal  deviations  from  the  theo- 
retical results  obtained  from  our  formula.  Now,  as  a  matter  of 
fact,  such  modifying  causes  are  known  to  exist  We  have 
already  seen  that  the  ultimate  molecule  is  variable  both  in  its 
dimensions  and  its  forces,  under  the  operation  of  varying  forces 
of  stress;  that  h  is  liable  to  variation,  and  hence  that  the 
values  of  F  for  the  same  values  of  x  may  change,  and  the  mo- 
lecular curve  shift  its  position  and  rise  or  fall  according  as  h 
increases  under  the  stress  or  diminishes.  As  for  the  actual 
tendency  of  a  tensile  stress,  it  is  immediately  to  draw  the  mo- 
lecular envelopes  farther  away  from  their  central  atoms.  It 
should  thus  enlarge  the  eflfective  molecules,  and  so  by  increas- 
ing the  distance  between  their  centers  tend  to  diminish  the 
coefficient  of  elasticity.  But  the  enlargement  of  the  envelopes 
should  also  tend  to  alter  the  value  of  n ;  and  it  appears,  on  a 
careful  investigation  of  the  diverse  possible  mechanical  condi- 
tions of  the  envelopes,  that  n  may  either  be  increased  or  dimin- 
ished,  and  so  the  value  of  h  become  either  greater  or  less. 
These  incidental  effects  of  forces  of  stress  are  adequate 
to  the  production  of  all  the  deviations,  under  consideration, 
from  the  normal  molecular  condition  represented  by  the  for- 
mula or  by  an  unvarying  curve ;  except  the  very  large  devia- 
tions noticed  in  the  case  of  the  wrought  iron  bars,  when  the 
stress  amounted  to  a  large  fraction  of  the  breaking  weight, 
which  may  be  reasonably  ascribed  to  a  flow  of  the  molecules. 
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(8.)  The  distance  ai,  (fig.  1)  between  the  neutral  point  and 
the  point  of  rupture  increases  from  0*302r  for  A=20,  to  0'60r 
for  A=5428.  This  is  about  its  maximum  value.  From  this 
value  of  A  to  the  ratio  4*984  it  decreases  from  0*60r  to  zero. 
Now  r  is  the  distance  between  the  centers  of  attraction  and 
repulsion,  both  of  which  lie  within  the  molecular  envelope.  It 
is  therefore  a  small  fraction  of  the  radius  of  the  outer  surface  of 
the  envelope,  or  outer  surface  of  the  effective  molecule,  and  a 
much  smaller  fraction  of  the  distance  between  the  centers  of 
contiguous  molecules.  We  should  then  expect,  on  theoretical 
grounds,  that  when  a  bar  suffers  rupture  under  a  tensile  stress, 
the  elongation  would  be  a  small  fraction  of  its  length.  This  is 
well  known  to  be  generally  true  for  the  more  tenacious  mate- 
rials (e.  g.  the  metals  and  different  varieties  of  wood).  India  rub- 
ber is  a  striking  exception.  Its  great  extensibility  is  probably 
due  to  a  great  expansibility  of  its  molecular  envelopes,  under 
a  tensile  stress.  The  unequal  extensibility  of  different  quali- 
ties of  wrought  iron,  also  finds  its  theoretical  explanation  in  an 
unequal  expansibility  of  molecular  envelopes,  with  the  attend- 
ant variations  in  the  molecular  curve. 

(4.)  The  ordinates  of  the  portion  ra  of  the  molecular  curve 
represent  the  molecular  resistance  developed  by  a  compressive 
stress.  These  increase  (as  thev  should  do)  without  limit,  as 
the  distance  Oe  between  the  molecules  diminishes.  When  rup- 
ture occurs  under  a  compressive  stress,  it  is  because  the  molec- 
ular actions  developed  in  directions  oblique  to  the  line  of  thrust 
induce  a  tensile  strain  at  ri^ht  angles  to  this  line,  and  a  shear- 
ing strain  in  oblique  directions,  the  resistance  to  one  or  the 
other  of  which  is  overcome.  The  distance  Oa  is  not  the  limit 
to  the  possible  diminution  in  the  distance  between  the  centers 
of  contiguous  molecules,  since  the  act  of  compression  will  com- 
press their  envelopes,  and  so  diminish  the  size  of  the  effective 
molecules. 

(5.)  The  ordinates  of  the  portion  mc  of  the  molecular  curve 
represent  the  effective  attractions  that  come  into  operation  dur- 
ing the  act  of  ruptura  That  the  rupture  may  be  completed,  a 
continued  molecular  strain  must  be  exerted  at  least  as  great  at 
each  distance  of  separation,  08,  as  the  effective  resistance 
represented  by  the  ordinate  8m  at  that  distance.  When  the  dis- 
tance has  increased  to  O,  an  effective  repulsion  supervenes, 
and  the  separation  becomes  complete. 

Beyond  d  the  curve  represents  the  force  of  contact  resist- 
ance. To  test  this  portion  of  the  curve,  I  undertook  in  1876, 
to  determine  experimentally  the  laws  of  variation  of  this  force. 
For  this  purpose  the  diminutions  of  contact  distance  produced 
by  varying  increments  of  pressure,  under  varying  conditions 
with  regard  to  the  nature,  condition,  and  extent  of  the  surfaces 
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in  contact,  were  determined.  The  following  are  the  general 
results  obtained.* 

(1.)  The  diminutions  of  contact  distance  are  very  nearly 
the  same,  for  the  same  increments  of  pressure,  whatever  is  the 
nature  or  condition  of  the  surfaces  in  contact 

(2.)  They  are  very  nearly  independent  of  the  extent  of  the 
surface  of  contact 

(8.)  The  diminution  of  distance  for  a  given  increment  of 
pressure  (say  1  oz.),  is  nearly  inversely  proportional  to  the  pres- 
sure. 

Now,  in  correspondence  with  the  first  of  these  laws,  it  ap 
pears  that  at  considerable  distances  beyond  that,  Od  (6g.  1) 
of  the  maximum  repulsion  the  curves  answering  to  different 
values  of  k,  and  therefore  to  different  materials,  approach 
very  near  to  each  other,  and  beyond  lOOrare  very  nearly  coinci- 
dent, and  have  nearly  the  same  inclination  to  the  axis  of  x.  This 
results  from  the  fact  that  the  attractive  term  in  the  formula  for 
the  effective  force  becomes  at  such  distances  very  small,  in 
comparison  with  the  repulsive  term  which  has  the  same  value 
for  aifferent  materials  when  the  temperature  is  the  sama  To 
the  same  small  diminution  of  distance  should  then  correspond 
very  nearly  the  same  increment  of  the  repulsive  ordinate,  for 
the  molecular  curve  of  each  substance. 

The  second  law  follows  as  a  consequence  from  the  third. 

As  for  the  third  law,  it  is  to  be  observed  that  at  the  contact 
distances  that  obtained  in  the  experiments,  which  must  have 
been  much  greater  than  that,  Od,  answering  to  the  maximum 
repulsive  ordinate  dn,  the  first  term  in  equation  (1),  (p.  846) 
nearly  vanishes,  and  so  the  effective  repulsion  {B)  expressed  by 

i2=^,  is  nearly  inversely  proportional  to  the  square  of  x. 

Theoretically  then,  the  diminution  of  distance  (cfec)  for  small 
increments  of  the  repulsion  {dR)  should  be  inversely  propor- 
tional to  R^i  or  nearly  so,  instead  of  inversely  proportional  to 
R,  as  experiment  showed.  Here,  as  in  previous  cases,  the  dis- 
crepancy may  reasonably  be  attributed  to  the  compression  of 
molecular  envelopes  that  must  attend  the  contact  pressure;  since 
such  compression  should  increase  the  value  of  A;,  bring  the  repul- 
sive portion  en,  etc.,  (fig.  1)  of  the  curve  of  effective  molecular 
action  hearer  the  axis  Ocd,  and  so  cause  dx  to  decrease  according 
to  a  less  rapid  law  than  would  obtain  if  k  and  the  corresponding 
curve  remained  constantly  the  same  (which  is  represented  by 

— |.)  In  confirmation  of  this  explanation  it  may  be  added  that  a 

change  in  the  mechanical  condition  of  the  contact  molecules, 
*  See  this  Journal,  June,  1876. 
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during  contact.pressure,  correspondent  to  this  theoretical  inter- 
pretation, was  directly  revealed  by  the  experiments. 

The  experiments  alluded  to,  besides  revealing  the  laws  of 
variation  of  the  contact  repulsion,  showed  that  it  was  a  force  in 
operation  beyond  the  range,  Oc,  of  the  effective  molecular  at- 
traction, since  no  evidence  of  an  attraction  was  obtained.  They 
showed  also  that  the  increments  of  this  force,  attendant  on 
the  observed  diminutions  of  molecular  distance,  were  many 
times  less  than  the  increments  of  repulsion  attendant  on  equal 
diminutions  in  the  distance  between  the  internal  molecules  of  a 
body ;  in  accordance  with  the  indications  of  the  molecular 
curve. 

It  will  probably  occur  to  the  reader  that  our  formula  and 
curve  of  eflfective  molecular  action,  afford  no  indication  of  a 
possible  force  of  adhesive  attraction,  such  as  often  manifests 
itself  in  the  contact  of  surfaces.  This  defect  results  from  the 
feet  that  the  formula  involves  a  supposition  which  is  not  strictly 
true  in  cases  of  contact    The  more  comprehensive  formula  is : 

n  n'  m 

•^ ""  {r+xy  *"  {2r+xy  "  a^ ' 

and  equation  (1)  is  obtained  by  supposing  n'^n.  This  equality 
may  not  strictly  exist  in  the  contact  of  bodies,  and  n'  may  be 
less  than  n.  I  find  that  a  slight  excess  of  n  above  n'  suffices 
to  give  an  effective  attraction  for  a  certain  range  of  values  of  x, 
for  which  /  is  repulsive  according  to  equation  (1).  This  case 
would  be  graphically  represented  by  an  upward  inflection  of 
the  repulsive  portion  of  the  curve  (fig.  1),  bnnging  a  portion  of 
it  above  the  axis  of  05.  The  attraction  thus  orginating  should 
vary  in  its  intensity  at  a  given  distance  with  the  pressure,  or 
molecular  distance  at  contact,  (i.  a  graphically,  the  inflection 
of  the  curve  should  change);  and  recent  experiments  have 
shown  this  to  be  an  essential  feature  of  it,  since  it  appears  that 
pieces  of  plate  glass  in  contact  may  be  separated  by  the  continu- 
ous exertion  of  a  force  ever  so  small. 

I  have  now  examined  the  general  features  of  the  typical  molec- 
ular curve  for  solids,  and  shown  that  they  represent  diverse 
general  mechanical  properties  of  solids  that  have  been  experi- 
mentally ascertainea.  Let  us  now  endeavor  to  subject  the 
molecular  formula  (equation  2)  to  the  test  of  comparison  with 
experimental  determinations  of  the  coefBcients  of  elasticity  and 
tenacities  of  special  substances.  The  direct  means  of  accom- 
plishing this  would  be  to  determine,  if  possible,  the  value  of  the 
ratio  k  for  each  material,  and  so  obtain  a  series  of  definite  ex- 
pressions, or  corresponding  molecular  curves,  answering  to  the 
materials  considered.  But  the  value  of  k  for  a  given  sub- 
stance is,  from  the  nature  of  the  case,  incapable  of  direct  deter- 


Digitized  by 


Google 


854      W.  A,  Norton — Force  of  Effective  Molecular  Action. 

mination.  The  only  practicable  method  of  proceedine  is  to 
assume,  under  the  guidance  of  any  intimations  that  may  be  ob- 
tained, a  value  of  k  for  some  substance,  say  wrought  iron,  taken 
as  a  standard  of  comparison  ;  then  the  ratio  which  the  coefficient 
of  elasticity  of  any  other  material  bears  to  that  of  wrought  iron, 

2s 
will  make  known  the  value  of  its  molecular  ratio  —  (fig.  1)  at 

the  neutral  point,  as  compared  with  that  of  iron,  and  from  this 
we  may  denve  the  comparative  molecular  curve  for  the  mate- 
rial considered.  The  ratio  of  the  maximum  ordinate  of  this 
curve  to  that  of  the  standard  curve  for  wrought  iron,  will  then 
make  known  the  ratio  of  the  tenacity  of  the  material  to  that 
of  wrought  iron  (account  being  taken  of  the  comparative  num- 
ber of  atoms,  or  ultimate  molecules,  of  the  two  materials,  in  a 
unit  of  volume^  and  so  enable  us  to  compute  theoretically  its 
tenacity  from  tne  known  tenacity  of  wrought  iron.  This  com- 
puted value  may  then  be  compared  with  the  tenacity  as  ex- 
perimentally determined.  In  the  prosecution  of  this  inquiry,  I 
assumed  as  the  value  of  k  for  wrought  iron,  1241 ;  taking 
for  the  coefficient  of  elasticity  {E)  25,000,000  lbs.,  and  for  the 
tenacity  55,000  lbs.  per  square  inch.  The  molecular  curve  for 
wrought  iron  woula  then  be  that  shown  in  fi^.  2,  curve  (a). 
The  following  notation  and  formulas  were  used  in  the  calcula- 
tions :    i\r=  number  of  atoms,  or  ultimate  molecules  in  a  unit 

of  volume =^^^-^^?^;  n=number  of  atoms  (ultimate  mole- 
cules) in  unit  of  length  =^iV;  Jfc=  coefficient  of  elasticity; 
jr=tenacity;  /=intensity  of  effective  attraction  between  two 
contiguous  molecules  at  the  neutral  distance,  developed  by  an 
increment  of  distance,  equal  to  j\r.  This,  in  fig.  1,  is  repre- 
sented by  the  ordinate  2«  corresponding  to  the  small  displace- 
ment a2.    ^=max.  ordinate  of  the  molecular  curve,    c,  c ,  and 


E=c^=c/n. 

n       ^ 


r^^^n 


Neutral   distance,   rf=| — .  ^        ;  in  which  u  may  be 

taken  =zero  for  the  metsQs  generally  and  the  more  tenacious 
woods,  for  which  k  must  have  a  value  not  widely  different 
from  that  taken  for  wrought  iron  (12*41).  For  less  tenacious 
materials  u  has  a  value  increasing  as  k  diminishes.     For  k=s 

7'576,  its  value  is  0*05.  Its  maximum  value  is  •^:gj-,  and  ob- 
tains when  /=o,  in  which  case  £=4*984,  and  the  molecular 
curve  falls  entirely  below  the  axis  x.   f  is  expressed  in  terms 

of  -5-  or  p,  considered  as  unity  (see  page  846).     For  the  more 
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tenacious    materials   we    may  take,  with    bat    little   error, 

^-       ^ 
®"*loglOO/' 
For  calculating  the  maximum  ordinate  we  have  the  formula, 
/•* 
F^-jfi,*     With  these  formulad  I  have  calculated  the  theoreti- 
cal tenacities  of  a  number  of  materials.    The  results  are  given  in 
the  following  table,  and  compared  with  the  tenacities  obtained 
by  experiment.    With  most  of  the  materials  the  experimental 
determinations  of  coefficients  of  elasticity  and  tenacity  used, 
are  known,  or  there  is  good  reason  to  believe,  answer  to  the 
same  specimen ;  bat  in  the  cases  of  zinc,  brass,  and  tin,  the  coef- 
ficient of  elasticity  and  the  tenacity  may  have  been  obtained 
with  diflferent  specimens. 


IfftterlAl. 


Wrought  Iron. 

Teak 

Locust 

Oak 

Scotch  Fir 

Oopper 

Zinc  Wire 

Brass,  cast 

TKcatt 

Lead 


Tenac 

Coeff.  of  ElM.,  1. 

Obterred. 

25,000,000  lbs. 

2,214,000    " 

1,796,000    »* 

1,311,100    " 

802,800    " 

16,447,400    " 

13,680,000    " 

9,170,000    " 

4,608,000    " 

720,000    »* 

55,000  lbs. 

15,000    " 

11,280    " 

8,600    " 

3.620    " 

86,180    " 

22,661    " 

18,000    " 

6,660    •* 

1,824    " 

CftlcQlftted. 


14,600  lbs. 

11,167  " 

8,170  " 

3,686  " 

36,460  " 

27,960  " 

20,300  " 

7,820  " 

1,870  " 


It  seems  from  these  results  that  our  molecular  formula  (equa- 
tion 2)  enables  us  to  compute  the  comparative  tenacities  of  ma- 
terials from  their  comparative  coefficients  of  elasticity,  with  a 
close  approximation  to  the  truth;  also  that  a  scale  of  mo- 
lecular curves  may  be  deduced  from  it  which  serves  to  repre- 
sent the  comparative  mechanical  properties  of  diflferent  mate- 
rials. The  scale  obtained  rests  on  the  assumption  that  the 
molecular  curve  for  wrought  iron  is  that  answering  to  k= 
1241  (fig.  2)  curve  (a).  But  the  laws  of  variation  of  the  neu- 
tral distance,  rf,  and  the  maximum  ordinate,  F,  are  so  nearly 
constant  over  a  wide  range  of  variation  in  the  value  of  A,  and 
thus  of  the  corresponding  molecular  curve,  that  the  assumed 
curve  for  wrought  iron  might  be  considerably  changed  without 
materially  impairing  the  correspondence  between  the  computed 
and  observed  tenacities.  The  exponent  of  d  in  the  expres- 
sion for  the  maximum  ordinate,  which  in  the  calculations  was 
taken  8*2,  varies  only  from  8*1  to  8*4  over  the  entire  range  of 
values  of  k  from  20  to  6*4 ;  and  the  value  of  u  in  the  expres- 

*  Each  molecule  is  subject  to  the  action  of  seyeral  molecules,  instead  of  the 
nearest  one  onlj,  but  the  entire  force  taking  effect  on  it  is  equal  to  the  effectiye 
action  of  the  nearest  molecule  multiplied  by  a  factor  which  should  be  nearly  con- 
stant for  different  materials. 
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sioQ  for  the  neutral  distance  varies  only  from  zero  to  less 
than  |. 

It  is  important  to  remark,  in  this  connection,  that  the  com- 
plete molecular  theory  of  the  elastic  resistance  of  materials 
cannot  be  developed  from  the  single  conception  that  each  speci- 
men of  every  material  has  its  specific  lormula,  or  curve  of 
effective  molecular  action,  which  remains  constantly  the  same 
during  all  the  varying  conditions  and  degrees  of  stress.  Thus 
when  two  specimens  of  the  same  material  are  compared, 
certain  facts  are  recognized  which  require  that  account  snould 
be  taken  of  the  varying  dimensions  and  mechanical  condition 
of  the  molecules  when  under  the  influence  of  the  force  of  stress. 
For  example,  the  tenacities  of  two  bars  of  wrought  iron,  or  one 
bar  of  iron  ^nd  another  of  steel,  may  be  very  different,  thouffh 
their  coefficients  of  elasticitv,  JS,  may  be  nearly  the  same.  The 
theoretical  explanation  of  this  fact,  is  that  the  molecular  envel- 
opes are  drawn  farther  away  from  the  central  atoms  of  the  mole- 
cules, and  as  a  conseouence  the  ratio  k  is  increased,  the  mo- 
lecular curve  rises,  and  thus  while  the  coefficient,  E,  for  small 
displacements  from  the  neutral  distance  is  but  little  altered^  the 
maximum  ordinate,  and  so  the  tenacity,  may  be  largely  in- 
creased It  may  be  shown  that  the  liability  to  this  state  of 
things  exists  with  materials  having  a  high  value  of  k.  The 
rise  of  the  *'  limit  of  elasticity ''  as  the  result  of  the  operation 
of  a  tensile  stress  to  certain  materials,  and  the  au^entation  of 
the  tenacity  of  wrought  iron  bars  by  large  tensile  strains,  as 
well  as  by  a  certain  increase  of  temperature  and  by  the  process 
of  thermo-tension,  are  other  cons^uences  of  a  similar  mole- 
cular condition.  It  may  be  said  in  general  that  all  the  recog- 
nized deviations  of  property  from  the  normal  type  of  unvarying 
and  perfect  elasticity,  while  they  must  present  insuperable 
obstacles  to  any  molecular  theory  that  does  not  recognize  the 
"  variability  of  the  ultimate  molecule,"  furnish  to  the  present 
theory  the  occasion  of  its  achieving  one  of  its  most  signal 
triumphs. 

Let  us  now  subject  the  formula  to  the  test  of  comparison 
with  the  laws  and  mechanical  properties  of  vapors  and  gases. 
Upon  the  general  theory  the  effective  mutual  actions  of  contig- 
uous molecules  of  a  vapor,  or  gas,  must  be  repulsive.  The 
curve  of  effective  action  of  such  a  molecule  must  then  lie  en- 
tirely below  the  axis  x ;  and  hence  it  must  answer  to  a  value 
of  k  less  than  4*984.  Fig.  8  shows  a  set  of  theoretical 
curves  answering  to  various  values  of  k  in  equation  2, 
from  4*98  to  4.  The  vertical  scale  in  this  figure  is  20 
times  that  in  fig.  2.  These  curves  present  two  distinct 
varieties;  one  in  which  a  portion  of  the  curve  is  concave 
to  the  axis,  x,  and  another  in  which  the  curve  is  everywhere 


Digitized  by 


Google 


WI  A.  Norton — Force  of  Effective  Molecular  Action.      857 


convex  to  this  axis.  These  two  sets  of  carves  have  for  their 
line  of  demarcation  a  curve  in  which  a  considerable  portion  is 
parallel  to  the  axis.  This  curve  answers  to  i=4-7.  The  first 
or  upper  set  of  curves  answers  to  vapors,  and  to  gases  when 
their  temperature  is  such  that  they  can  be  compressed  into  a 
liquid  without  further  reduction  of  temi)erature.  The  reduc- 
tion to  a  liquid  by  pressure  alone  is  possible  with  some  gases, 
(as  sulphurous  acid  gas,  chlorine,  carbonic  acid,  etc.) 
at  ordinary  temperatures,,  and  continuously  up  to  cer- 
tain higher  temperatures.  At  these  critical  temperatures 
the  curve  becomes  the  critical  curve  just  mentioned  for 
which  i=4*7.  Oxygen,  hydrogen,  etc.,  belong  to  a  class 
of  gases  which  cannot  be  condensed  into  a  liquid  un- 
less the  teinperature  is  much  reduced  below  ordinarv  tem- 
Seratures.  For  these  the  smaller  values  of  k  obtain.  Thecon- 
ensation  into  the  liquid  form  is  impossible  because  the  repul- 
sive ordinate  steadily  increases  as  the  molecular  distance  x 
diminishes.  A  reduction  of  temperature  diminishes  the  value 
of  m,  which  is  theoretically  proportional  to  the  absolute 
temperature,  and  so  increases  the  value  of  k  and  causes  the 
molecular  curve  to  rise.  When  it  is  thus  brought  above  the 
critical  curve,  for  which  A=4-7,  it  becomes  for  a  certain 
distance  beyond  8r  concave  upwards,  the  effective  repulsion 
begins  to  decrease  at  a  certain  distance  beyond  3r,  and  a  sudden 


_1?J!- 


condensation  to  the  molecular  distance  3r  must 
ensue,  as  the  compression  goes  on,  before  the 
distance  8r  is  reached.  When  the  temperature 
answers  to  the  critical  curve  the  molecular  re- 
pulsion is  sensibly  the  same  over  a  considerable 
range  of  distance,  viz.  from  8r  to  7'5r.  Under 
the  same  external  pressure  the  gaseous  mole- 
cules may  then  be  separated  by  any  distance 
lying  between  these  two  extremes.  Under  ex- 
ternal pressure  alone,  then,  the  gas  may  pass 
hj  insensible  degrees  into  the  liquid  condition 
(ror  which  x=8r),  and  we  have  theoretically 
the  "continuity  between  the  gaseous  and  liquid  states  of 
matter,"  experimentally  realized  by  Dr.  Andrews.  The 
critical  temperature  for  carbonic  acid  gas,  Dr.  Andrews  found 
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to  be  31**  C.  At  this  temperature  then  the  molecalar  curve  for 
this  gas  was  the  curve  for  which  i=4'7. 

We  have  already  seen  that  when  a  liquid  reaches  its  boiling 
point  in  vacuo,  its  molecular  curve  is  just  tangent  to  the  axis, 
Xj  at  the  point  a:=2'84r,  and  that  i=4-984.  When  the  liquid, 
say  water,  is  subject  to  the  atmospheric  pressure,  as  the  tem- 
perature rises  above  72**  R,  (its  boiling  point  in  vacuo)  and  m 
continually  increases,  the  curve  subsides  until  the  molecular 
repulsion,  for  x=8r,  is  just  on  t|;>e  point  of  prevailing  over 
the  atmospheric  pressure.  The  liq^uid  will  then  be  at  its 
boiling  point,  212  F.  The  slightest  mcrease  of  heat  repulsion 
will  now  cause  the  molecules  to  recede  from  each  other,  since 
the  effective  repulsive  ordinates  augment  with  the  distance,  x, 
and  this  recess  should  continue  until  the  repulsive  ordinate 
again  becomes  equal  to  the  minimum  value,  that  obtained 
when  the  recess  b^n.  To  this  tendency  to  a  sudden  separa- 
tion of  the  molecules  over  a  wide  range  of  distance  mav  be 
ascribed  the  agitation  of  the  liquid,  called  boiling ;  and  the 
amount  of  the  final  separation  should  fix  the  ratio  of  expansion 
in  the  passage  of  the  liquid  into  vapor,  at  the  boiling  point  If 
the  liquid  boils  under  a  higher  pressure  than  one  atmosphere, 
the  access  of  heat  augments  the  minimum  molecular  repulsion 
that  obtains  at  about  the  distance  8r,  until  it  is  on  the  point  of 
prevailing  over  the  actual  pressure.  The  curve  will  now  have 
subsided  still  more,  and  the  recess  of  the  molecules  to  the 
point  at  which  the  molecular  repulsion  becomes  the  same 
again,  and  so  the  expansion  from  the  liquid  to  the  steam 
at  the  higher  boiling  point  and  pressure,  should  be  less  than 
before  (see  fig.  3).  ft  should  be  observed  here,  that  the  process 
of  expansion  in  the  conversion  of  the  liquid  into  steam  consists 
in  part  in  an  expansion  of  the  molecular  envelopes,  or  an  en- 
largement of  the  effective  molecules ;  and  part  of  the  heat  lost 
is  expended  in  thus  augmenting  the  potential  energy  of  the 
molecules, 

"When  the  reverse  process  occurs,  and  steam  at  212''  P.  is 
condensed,  the  increasing  repulsion  shown  by  the  curve  is 
largely  expended  in  condensing  the  molecular  envelopes,  with 
an  attendant  evolution  of  heat ;  and  thus  the  process  may  set 
in  as  soon  as  the  external  pressure  materially  exceeds  one 
atmosphere.  A  reduction  of  temperature  brings  on  condensa- 
tion by  decreasing  the  value  of  m,  which  has  the  effect  to  raise 

the  molecular  curve,  both  by  diminishing  py=i-^\  the  unit  in 

terms  of  which  the  repulsions  are  expressed,  and  increasing  the 

ratio  A(  = — j. 

[To  be  oontinued.] 
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Art.  XLUL — On  the  Mineral  Locality  in  Fairfield  County^  Con- 
necticut,  with  the  description  of  two  additional  new  species;  by 
Geobgs  J.  Brush  and  Edward  S.  Dana.    Second  paper. 

Ik  the  preceding  volume  of  this  Journal  (July  and  August, 
1878),  we  published  an  account  of  the  discovery  of  a  new  min- 
eral locality  at  Branchville,  Fairfield  County,  Connecticut,  and 
gave  descriptions  of  five  new  minerals,  all  manganesian  phos- 
phates, occurring  there.  During  the  autumn  following  we 
pushed  forward  our  explorations  at  the  locality  with  as  much 
vigor  as  possible,  ana  with  tolerable  succesa  We  were 
fortunate  in  finding  a  new  and  independent  deposit  of  the 
phosphates,  and  obtained  from  it  a  considerable  quantitv  of 
eosphorite,  lithiophilite  and  a  little  triploidite,  and  with  them 
some  other  species  of  interest,  among  which  we  may  mention 
a  series  of  uranium  compounda  The  detailed  description  of 
these  discoveries  we  shall  defer  until  a  third  paper,  wnich  we 
hope  to  publish  in  another  number.  In  the  present  paper  we 
propose  to  give  the  descriptions  of  the  two  additional  new 
species  we  have  identified ;  one  of  these  we  mentioned  in  our 
last  paper  under  the  name  of  fairfijeldite.  We  add  also  the 
results  of  a  new  analysis  of  reddingite,  and  some  further  facts 
in  regard  to  lithiophilite.  Both  of  the  new  species  came  from 
the  original  material,  removed  by  Mr.  Fillow,  when  the  locality 
was  first  opened.  We  have  not,  as  yet,  succeeded  in  finding 
additional  quantities  of  them.  It  may  not  be  improper  to  add 
that  with  the  return  of  warm  weather  we  have  commenced 
anew  the  exploration  of  the  locality  in  a  more  thorough  manner 
than  before,  and  we  hope  to  meet  with  some  success. 

6.  Fairfieldite. 

General  physical  characters, — Fairfieldite  occurs  usually  in 
massive  crystalline  aggregates ;  also  rarely  in  distinct  crystals. 
The  structure  is  foliated  to  lamellar,  some  varieties  closely 
resembling  selenite ;  also  occasionally  in  radiating  masses  con- 
sisting of  curved  foliated  or  fibrous  aggregations ;  these  radi- 
ated forms  are  not  unlike  stilbita 

The  hardness  is  8*5,  and  the  specific  gravity  815.  The 
luster  is  pearly  to  sub-adamantine ;  on  the  surface  of  perfect 
cleavage  (6)  it  is  highlv  brilliant  The  color  is  white  to  pale 
straw-yellow ;  the  streak  is  white.     Transparent     Brittla 

Two  rather  distinct  varieties  have  been  observed :  the  first  (A) 
occurs  fiUfeg  cavities  in  the  reddingite,  and  covering  the  dis- 
tinct crystals  of  this  mineral     It  is  uniformly  clear  and  trans- 
parent and  is  highly  lustrous,  showing  entire  absence  of  even 
Am.  Joub.  Sci.— Thibd  Sbbibs,  Vol.  XVII,  No.  lOL— Mat,  1879. 
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incipient  alteration.  It  is  generally  foliated  to  lamellar,  altliough 
sometimes  of  a  somewhat  radiated  structure.  The  second 
variety  (B)  occurs  in  masses  of  considerable  size  interpenetrated 
rather  irregularly  with  quartz,  and  quite  uniformly  run  through 
with  thin  seams  and  lines  of  a  black  manganesian  mineral  of 
not  very  clearly  defined  character.  This  mineral  is  granular  in 
texture,  lustrous,  is  difficultly  fusible,  and  consists  for  the  most 
part  of  the  hydrated  oxides  of  manganese  and  iron ;  but  con- 
tains also  phosphoric  acid  and  traces  of  lime. 

This  second  variety  of  fairfieldite  is  often  friable  to  the 
touch  and  lacks  something  of  the  brilliant  luster  of  the  first 
variety.  It  also  shows  greater  difference  of  structure,  passing 
from  the  distinct  crystals  to  the  massive  and  radiatea  form. 
The  identity  of  these  two  kinds  is  shown  by  the  analyses  given 
below.  Fairfieldite  also  occurs  in  small  particles  in  fiUowite 
(described  beyond),  and  in  masses  of  some  size  immediately 
associated  with  eosphorite,  triploidite,  and  dickinsonite. 

Crystalline  fiyrm, — Indistinct  crystals  of  fairfieldite  occur 
occasionally  in  cavities  in  the  massive  mineral.  They  are 
usually  composite  in  character,  made  up  of  many  individual 
crystals,  interpenetrating  each  other,  and  in  only  an  approxi- 
mately parallel  position.  On  the  most  favorable  crystals  the 
form  could  be  clearly  made  out,  but  exact  measurements  were 
quite  impossible ;  this  is  the  more  to  be  regretted  as  the  number 
of  variable  elements  is  so  large.  The  cleavage  parallel  to  h 
(010)  is  highly  perfect ;  that  parallel  to  a  (100)  somewhat  less 
so. 

The  crystals  belong  to  the  Triclinic  System,  and  the  general 
habit  is  shown  in  the  adjoining  figure.  The  following  supple- 
ment angles  were  accepted  as  the  basis  of  the  calculations. 


a^c 

100  ^  001 

=     88" 

ay^b 

100 /v  010 

=  102*' 

a^p 

100  ^111 

=     56"  30' 

c^p 

001 ^  111 

=     33° 

b^pi 

010^111 

=     78"  30' 

From  these  angles, 
inclinations  of  the 
follows : — 

the  length 
axes  were 

s  and  mutual 
calculated,  as 

c  (vert) 
•7066 

b 

3-6767 

a 

10000  or 

•1976 

1-0000 

-2797 

Alao       a(c^b) 
102^*9' 

94«33' 

77"  20' 

The  observed  planes  are  as  follows : — 
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e 

0 

001 

8 

-4-4 

141 

h 

i-i 

.  010 

Q 

i-r 

320 

a 

f-l 

100 

m 

r 

110 

P 

-r 

111 

n 

i^' 

230 

9 

-i' 

112 

0 

t.2' 

120 

r 

-i' 

113 

M 

/ 

110 

The  following  list  includes  the  principal  angles  (sapplement) 
for  the  different  planes,  calculated  from  the  axial  values  given 
above. 

GalonUted.  Meuvred. 

C/sa  001^100  =  88-  ♦88° 

c^b  OOl^OlO  =  ^8°  33'  W 

c^m  100  >s  110  =  84'' 39' 

c^p  001 A  111  =  33°  ♦SS* 

c^q  001^112  =  18^31'  19° 

c>sr  001  >v  113  =  12°  43'  13* 

c>s«  001^141  =  63°  34' 

OaJ  100  a  no  =  102°  ♦102* 

a^g  100^320  =     10°  6T'               10° 

a  Am  100  a  110  =     16°  31'               16°  30* 

OaH  100  a  230  =     24°40'                26° 

OaO  100 a  120  =     32°  20'  •    32° 

a  ^11  100  A  110  =     14°  46'                16** 

OaP  100^111     =     66°  30'  ♦66*30' 

«Af  100  A 112     =     t0°16' 

a  AT  100  A  113     =     76°  48' 

ga*        100  a  141  =  61°  ir 

h^li  010 Alio  =  116°  45' 

h^g  010a320  =     91*    3' 

^AfTi  010  A  110  =     86°  29' 

6 An  010 A 230  =     77°  20' 

5aO  010  a  120  =     69°  40' 

h^p  010  a  111  =     78°  30'              •78°  30' 

h^q  010 A 112  =     78*    2'                78° 

h^r  010 A 113  =     78°    4' 

*A#  010  A  141  =   121°  16'               120°  30' 

m^p  110  A  111  =  61°  39' 
m^q  110 A 112  =  66°  8' 
wiaT         110  a  113     =     71°  66' 

In  one  case  an  apparent  penetration-twin  was  observed,  the 
two  crystals  crossing  one  another  so  that  the  planes  h  and  a  of 
the  one  were  parallel  respectively  to  the  planes  a  and  6  of  the 
other.  If  this  coincidence  were  perfect  (exact  measurement 
was  out  of  the  question)  and  the  crystal  were  really  a  twin  the 
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twinniDg-plane  must  make  with  a  (100)  an  angle  of  either  51** 
(toward  010)  or  89°  (toward  OlO).  This  condition  is  equally 
well  satisfied  by  the  plane  270  (100 /s  270  =  oV  4'),  or  by  270 
(100 >\  270  =  89°  3'.)  As  this  supposed  twinning-plane  has 
so  complex  a  relation  to  the  other  planes  of  the  crystal,  it  is 
probable  that  this  coincidence  is  only  accidental. 

Optical  properties. — Minute  fragments  of  fairfieldite  parallel 
to  the  two  cleavage  planes  were  examined  in  the  stauroscope, 
with  the  following  results: — The  planes  of  light-vibration 
intersect  the  cleavage  plane  a  (100)  in  lines  which  make  angles 
of  40°  and  50°  respectively  with  the  edse  a  \  b.  One  optical 
axis  was  visible  on  the  edge  of  the  field  in  converging  light, 
obviously  lying  in  the  vibration-plane  making  an  angle  of  50° 
with  the  obtuse  edge  named,  and  toward  that  edga 

The  cleavage  plane  parallel  to  b  (100)  is  intersected  by  the 
vibration  planes  in  lines  making  angles  of  10°  and  80°  respec- 
tively witn  the  edge  b\a.  In  this  case  also  an  optical  axis  (the 
second)  is  distinctly  visible  on  the  outer  limit  of  the  field. 
This  serves  to  fix  approximately  the  position  of  the  bisectrix. 
As  the  cleavage  fragments  examined  were  less  than  i  mm.  in 
size,  any  further  examination  was  impossible 

Chemical  Composition. — The  two  varieties  of  fairfieldite  have 
been  analyzed  by  Mr.  S.  L.  Penfield,  with  the  following 
results : 


A, 

B. 

P.Oa 

38-39 

39-62 

PeO 

5-62 

700 

MnO 

16-66 

12-40 

CaO 

28-86 

30-76 

Na,0 

0-73 

0-30 

K.0 

013 

-  - .- 

H,0 

9*98 

9-67 

Quartz 

1-31 

0-66 

100-56 


100-30 


The  ratios  of  the  oxides  calculated  from  these  analyses  are 
as  follows: — 


FeO 

•270 
•0781 

•270 

MnO 

•219 

OaO 

•616 

•826 

Na,0 

K,0 

H,0 

•012 
•001 
•654 

•564 

306 


2-06 


•279 
•097 
•176 
'649 
•006 

•637' 


B. 

•279 

826 
•687 


2*96 


1-93 


The  ratio  P,0, :  RO :  H,0  =  1:3:2  answers  to  the  formula 
R,P,0,-f2  aq.  If  here  R  =  Oa:Mn-t-Fe  =  2:1  and  the 
ratio  of  Mn :  Fe  be  also  2 : 1.     The  formula  requires : — 
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PfO, 

39-30 

FeO 

6-64 

MnO 

1310 

CaO 

30-99 

H,0 

9-97 

100-00 

The  fact  that  the  second  variety  was  friable  and  somewhat 
deficient  in  luster  suggested  an  incipient  alteration,  but  the 
analysis  did  not  confirm  this  idea.  The  larger  amount  of  lime 
afforded  in  the  analysis  of  this  kind  is  possibly  due  to  admix- 
ture of  a  little  apatite,  which  is  often  observed  with  it,  and 
the  larger  proportion  of  iron  may  be  due  to  the  fact  that  this 
variety  could  not  be  entirely  freed  from  the  black  oxide  inter- 
penetrating it. 

Pyrognastics. — ^In  the  closed  tube  fairfieldite  gives  off  neutral 
water,  and  the  assay  turns  first  yellow,  then  dark  brown,  and 
becomes  magnetic.  In  the  forceps  glows,  blackens  and  fuses 
quietly  at  about  4*5  to  a  dark  yellowish-brown  mass,  coloring 
tne  flame  pale  green,  with  faint  reddish-yellow  streaks  on  the 
upper  edga  Soluble  in  the  fluxes  giving  reactions  for  iron 
and  manganese.  Fairfieldite  is  soluble  in  nitric  and  hydro- 
chloric acids. 

Fairfieldite  is  named  from  the  county  in  which  the  locality 
occurs. 

7.   FiLLOWITE. 

General  physical  characters. — Fillowite  occurs  in  granular 
crystalline  masse&  By  fracture  the  crystalline  grains  can  be 
usually  separated  with  ease ;  they  show  in  most  cases  merely 
striated  planes  of  contact,  having  no  crystallographic  signifi- 
cance ;  occasionally,  however,  isolated  but  brilliant  crystalline 
planes  are  observed  and  rarely  a  nearly  complete  crystal.  The 
masses  are  not  infrequently  penetrated  by  distinct  prismatic 
crystals  of  triploidite ;  and  sometimes  they  enclose  particles  of 
fairfieldite.  The  outer  surfaces  are  very  often  coated  with  a 
silvery-white  radiated  mineral,  but  in  so  sparing  quantities 
that  we  have  been  thus  far  unable  to  determine  definitely 
its  character.  Beddingite  is  very  commonly  associated  with 
fillowite,  and  in  many  cases  it  is  not  easy  to  distinguish  the 
two  minerals 

The  hardness  is  4*5,  and  the  specific  gravity  in  two  trials 
3-41  and  8*45.  The  luster  is  sub-resinous  to  greasy.  The 
color  generally  wax-yellow,  also  yellowish  to  reddish-brown 
with  a  red  or  green  tinge,  and  rarely  almost  colorless.  Streak 
white.     Transparent  to  translucent ;  fracture  uneven ;  brittle. 

Crystalline  forrtu — The  crystals  of  fillowite,  whose  occurrence 
has  already  been  mentioned,  have  a  marked  rhombohedral 
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aspect  As  shown  in  the  figure  the  three  planes,  whose 
several  inclinations  are  almost  identical,  have  their  comraon 
solid  angle  replaced  by  a  nearly  equilateral  triangle.  The 
measurements,  however,  point  to  a  monoclinic  form,  and  that 
this  is  the  true  explanation  is  proved  by  the  optical  examina- 
tion.    The  cleavage  is  basal,  nearly  perfect 

The  angles  (supplement)  accepted  as  the  basis  for  calculation, 
are  as  follows ; — 


OOl^lU 
001 ^  201 
Til  ..111 

i 

68*40' 
68**  31' 
95°  23' 

Calculated  from  these  the  elements 
the  crystal  are : — 

c  (yert.) 
•8201 
1-4190 

b 
•6779 
1-000 

a 

10000  or 
1-7303 

P 

sr  61' 

The  position  taken  for  the  crystal  is  that 

which  exhibits  most  strikingly  its  close  approximation  to  the 

I'hombohedral  form.     If  it  were  desired  to  make  the  plane  d 

the  unit  orthodome  101,  then  the  plane  p  would  have  the  sym- 
bols 111  and  111,  and  the  elen^ents  of  the  crystal  would  be : — 
fi=7S^lV;  c(vert.)=11422,  i=0-678,  d= 1*000. 

The  observed  planes  have  already  been  given ;  they  are  : — 

c    001     0,  d    201     —2-1.  p    111     1. 

The  calculated  angles  and  those  measured  (on  two  crystals) 
are: — 

CftlcoUted.  Measured. 

(1)  a) 

c^d  001 A  201     =         58°  31'  ♦68"  31' 

I  001  A  Til     _      JRoo^  ♦SSMO' 

^-^         i  001. Til     -      \^^  ^  68-37' 


111  A  111     =         95*'  23'  ♦95"  23'  95"  25' 

Ul,.20i     _      jofionft/  95"  20'  95"  15' 


p^p 

P-^         1 T fl  .  9m     =      }  ""   ""^  95"  16'  96"  18- 


.111^.201     ^      ^35020.  95-20' 

'^  (111^201  (  ^5    16 


Optical  properties. — It  was  found  possible  to  examine  small 
cleavage  fragments  of  fillowite  according  to  the  usual  methods, 
and  the  results  served  to  settle  the  question  of  the  system, 
which  the  measured  angles  might  have  left  undecided.  One 
vibration-plane  intersects  the  basal  plane  (cleavage)  parallel 
to  the  edge  c\d  and  the  other  is  normal  to  it  Moreover  the 
two  optic  axes  are  visible  when  the  Rosenbusch  microscope  is 
employed ;  it  was  impossible  to  decide,  however,  in  which 
plane  they  lay,  since  the  only  sections  transparent  enough  for 
this  examination  were  destitute  of  the  other  crystalline  planes. 
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Chemical  properties. — The  analyses  of  fiUowite  by  Mr.  S.  L. 
Penfield  aflForded  the  following  results : — 


I. 

n. 

Mean. 

Batioe 

PtO. 

39-06 

3915 

3910 

-276 

2-75 

PeO 

9-48 

9-18 

9-33 

•1291 

MnO 

39-48 

39-36 

39-42 

•565 

CaO 

undet 

408 

4-08 

•073 

.     8-61 

Na,0 

6-65 

6-84 

6-74 

•092 

Li,0 

•07 

■04 

•06 

-002 

H,0 

1-75 

1-56 

1-66 

•092 

•92 

Quartz 

0-86 

0-90 

0-88 

3-09 
0-33 


10011      100-27 


The  ratio  P,0,  :EO:H,0  =  l:8:i,  corresponds  to  the 
formula  SEjPjO.+HjO.  if  in  this  formula  E  =  Mn:Pe: 
Ca :  Na,  =  6 : 1 : 1 : 1  the  calculated  percentages  are : — 


P.0„ 

40-19 

FeO 

6-80 

MnO 

40-19 

CaO 

6-28 

Na,0 

5-84 

H,0 

1-70 

10000 

The  very  small  amount  of  water  present  suggests  the  question 
as  to  whether  it  is  really  an  original  constituent  of  the  mineral. 
This  question  we  have  been  unable  to  decide  positively ;  we 
can  only  add  that  of  a  large  number  of  specimens  examined,  all, 
even  the  most  transparent,  showed  its  presence.  Moreover,  if 
the  water  be  not  essential,  the  composition  of  the  mineral 
would  be  somewhat  analogous  to  triphylite,  containing  sodium 
instead  of  lithium,  and  the  want  of  correspondence  in  crystal- 
line form  does  not  favor  this  idea. 

Pyrognostics, — In  the  closed  tube  fillowite  yields  a  small 
amount  of  water  which  reacts  neutral  B.B.  in  the  forceps  colors 
the  flame  momentarily  pale  green,  then  intensely  yellow  and 
fuses  with  intumescence  to  a  black  feebly  magnetic  globule. 
Fusibility  1*5.  With  the  fluxes  reacts  for  iron  and  manganese. 
Soluble  in  nitric  and  hydrochloric  acids. 

We  have  named  this  the  seventh  new  man^nesian  phosphate 
from  this  locality,  after  Mr.  A.  N.  Fillow,  of  Branchville,  Conn., 
oar  obligations  to  whom  we  have  already  mentioned  in  our 
former  paper. 

Eeddingite. 

In  our  preceding  paper  we  described  the  new  mineral  red- 
dingite,  and  showed  that  in  the  habit  of  its  octahedral  crystals 
and  in  their  angles  it  was  closely  homceomorphous  with 
scorodite  and  strengite.  In  composition,  however,  it  was  shown 
that  there  was  a  variation,  as  follows : — 
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Soorodite  FeA8f08  4-4aq. 

StrenKite  PePtOg  +  4aq. 

Beddingite  MnaP^Og  +  3aq. 

Tt  is  thus  seen  that  reddingite  dififers  from  the  other  species  in 
that  the  metal  is  in  the  protoxide  condition,  and  again  since 
there  are  only  three  equivalents  of  water  present.  In  order  to 
establish  beyond  all  question  that  this  difrerence  was  a  real  one, 
we  have  had  a  second  analysis  made.  The  material  was 
selected  from  another  specimen,  and  as  before,  was  obtained 
free  from  all  impurities  except  quartz. 

The  analyses,  made  by  Mr.  H.  L.  Wells,  are  given  below  (A) 
as  also  that  of  Mr.  Penfield  (B)  published  in  our  preceding 
paper : — 


A 

Excluding 

B 

I. 

n. 

QoartE. 

P,0« 

33-68 



3616 

34-62 

FeO 

7-54 



7*89 

6-43 

MnO 

41-28 



43-22 

46-29 

OaO 

0-67 

.... 

-71 

0-78 

Na,0 

trace 





0-31 

H,0 

11-72 

1T72 

l"2'-27 

13-08 

Quartz 

4-46 

4-39 

99-26  99-26  100-41 

The  new  analysis  leads  to  the  formula  Mn^P^Og+Saq,  or  the 
same  as  that  obtained  before.  The  only  marked  difference 
between  the  two  results  is  one  which  we  have  found  to  character- 
ize all  the  species  of  the  locality,  that  is,  a  little  variation  in  the 
relative  amounts  of  iron  and  manganese.  That  the  manganese 
is  really  in  the  protoxide  condition  cannot  be  questioned  for  a 
moment 

Rtcapitvlatiaiu 

It  seems  of  some  interest  to  place  together  the  seven  new 
species  which  the  locality  has  afforded  us.  We  shall  hope, 
at  some  future  time,  to  offer  some  remarks  in  regard  to  their 
mutual  relations;  we  can  only  say  here  that  there  is  in 
the  facts  observed  nothing  to  suggest  that  any  one  of  the 
species  is  a  secondary  mineral  or  a  product  of  alteration ;  all 
seem  to  be  original  minerals  of  the  vein.  We  have  found 
single  hand-specimens  which  exhibit  all  of  the  first  four 
minerals  together. 

1.  EoBPHOBiTB.  Orthorhombic. 

R, AlPaO,  0,  4H9O,  or  AlPaOs  +  2HaMn(Fe)0«  +  2aq. 

2.  TBiPLomrrB.  Monoclinic. 

R^PaOs,  HjO  or  Mn,(Fe,)PaOe  +  Mn(FeXOH), 

3.  DiCKnrsoNiTB.  MonocUnia 

4(R,Pa08),  3H,0  or  4(Mii,  Fe,  Ca,  Na,).P«Oe  +  3aq. 
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4.  LrraiOPHiLiTB.  Orthorhombic 

LiMnP04  or                               LijPO*  +  MnjPaOe. 

5.  Bbddinoitb.  Orthorhombic. 

R,P,Oe,  SHsO  or                               Mn,(Fe,)P,08  +  3aq. 

6.  Faibfieldite.  Triclinic. 

RtPaOe,  2H80  or                        Ca,(Mn„  Pe.jPaOe  +  2aq. 

7.  FiLLOWiTB.  Monoclinia 

3(E«P80eX  HaO  or               3(Mn,  Fe,  Ca,  Na^tPjOe  +  aq. 


Altered  Lithiophiltte. 

In  our  former  paper  we  called  attention  to  the  large  amount 
of  black  oxidized  material  rich  in  lithia  which  was  associated 
in  the  first  deposit  with  eosphorite,  triploidite  and  dickinsonite. 
We  stated  also,  that  the  occurrence  of  this  black  substance 
induced  us  to  make  the  deeper  exploration  which  resulted  in 
the  discovery  of  lithiophilite.  We  have  now  made  a  more 
critical  examination  of  this  black  mineral,  and  have  found  on 
breaking  it  up  into  very  small  fragments  occasional  kernels  or 
nuclei,  often  no  larger  than  a  pea,  of  unaltered  lithiophilite. 
By  far  the  greater  part  of  the  black  masses,  however,  have 
proved  to  be  oxidized  to  the  core.  The  black  material  varies 
considerably  in  its  structure;  some  specimens  retain  with  great 
distinctness  the  cleavage  of  the  original  lithiophilite;  other 
fragments  break  with  a  conchoidal  fracture,  while  still  other 
specimens  form  porous,  crumbly,  loosely  aggregated  masses. 
The  color  of  the  mineral  also  varies;  it  is  generally  grayish- 
black  to  pitch-black;  occasionally,  however,  it  has  a  purple 
to  violet  color,  the  latter  being  aue  apparently  to  a  different 
state  of  oxidation  of  the  manganese  and  iron.  That  this  is  the 
case  seems  to  be  proved  by  the  fact  that  the  black  variety  can 
be  made  to  assume  a  purple  hue  by  dipping  it  in  hydrochloric 
acid ;  the  mass  so  treated  becomes  at  once  colored  purple  ex- 
ternally, and  is  not  to  be  distinguished  from  a  specimen  of  the 
naturally  occurring  purple  mineral.  The  luster  varies  from 
8ub-resinous  to  dull.  Hardness  8-4.  Specific  gravity  3*26-340. 
It  is  not  to  be  expected  that  in  such  an  alteration  product  the 
chemical  composition  should  be  constant.  We  have  had  two 
characteristic  specimens  analyzed  and  give  the  results  below. 
The  first  was  of  the  cleavable  variety,  having  a  nucleus  of 
unaltered  lithiophilite,  and  was  analyzed  by  Mr.  R  P.  Dewey, 
in  the  Sheffield  Laboratory,  G.=3-39-3-40. 
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I. 

II. 

Mean. 

Atomic  BatlM 

P,0. 

40-79 

40-63 

40-66 

-286 

Fe,0, 

12-65 

12-67 

12-66 

•079 

AlaO, 

010 

009 

010 

•001 

MnO 

35-83 

36-66 

35-74 

25-27 
_  Mn,0, 

•160 

0  in  6X0688 

1-20 

118 

119 

"""     11-66 
MnO 

•164 

CaO 

013 

0-23 

0-18 

•003 

MgO 

tr. 

fr. 

tr. 

Li,0 

6-71 

6-61 

5-66 

•       -188 

Na,0 

0*44 

0-63 

0-49 

•008 

HaO 

311 

3-03 

307 

•170 

9986  99-43  9966 


Another  specimen  of  the  more  compact  dull  variety  analyzed 
by  H.  L.  Wells,  aflforded  the  following  results :— G. =8-26-3 -27. 


I. 

n. 

Mean. 

Atomic  nUo. 

P«0. 

40-25 

40-61 

40-38 

•284 

F6,0. 

1604 

16-74 

16-89 

-099 

•14 

MqO 

3207 

31-99 

32-03  ) 
1-48  f  " 

_Mn,0. 

14-71 

•092 

>     Li 

0mexc688  1-47 

1-60 

-  MnO 

18-80 

•265' 

CaO 

•74 

•70 

••72 

•010 

.D< 

Li,0 

4-69 

4*96 

4-83 

-161 

•  o« 

K,0 

0-26 

0-28 

026 

•003^ 

Na,0 

tr. 

tr. 

tr. 

H,0 

3-32 

3-41 

3-37 

•187 

Ee8idu6 

090 

0-90 

•90 

•1 

2-88 


99^86 


This  last  variety  approaches  the  composition  of  a  normal  phos- 
phate, but  as  before  remarked  it  is  not  to  be  expected  that 
such  products  of  alteration  should  be  homogeneous  or  prove  to 
be  definite  mineral  speciea  In  general  toe  above  analyses 
show  a  marked  correspondence  with  the  analogous  product  of 
the  alteration  of  the  Norwich  triphilite  as  analyzed  by  Craw 
and  Mallet  The  Branchville  black  material  is,  however, 
richer  in  manganese'  and  in  lithia,  and  fortunately  we  find  it 
enveloping  unaltered  lithiophilite  so  that  there  can  be  no  ques- 
tion as  to  the  character  of  the  original  mineral. 

In  order  to  avoid  any  misunderstanding  we  mav  repeat  here 
a  remark  already  made,  that  we  have  observed  also  a  variety 
of  other  black  decomposition  products  bearinff  no  relation  to 
the  above.  One  of  them  contains  the  oxioes  of  iron  and 
manganese  simply  being  derived  from  the  alteration  of  the 
carbonate  (rhoaochrosite) ;  others  have  been  derived  respec- 
tiveljr  from  the  decomposition  of  eosphorite,  triploidite  and 
reddingite.  The  last  named  has  often  the  characteristic  octahe- 
dral form  of  the  original  mineral. 

We  would  express  here  our  sincere  thanks  to  the  three 
gentlemen,  Messrs.  Penfield,  Wells  and  Dewey,  who  have 
assisted  us  in  the  chemical  part  of  this  investigation. 
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Art.  XLIV. — Note  on  the  Fox  Hills  Group  of  Colorado ;  by 
J.  J.  Stevenson,  Professor  of  Geology  in  the  University  of 
New  York. 

Not  far  from  thirty  miles  below  (north)  Denver,  St  Train's 
Creek  enters  the  South  Platte  River  from  the  west.  The 
Thompson  enters  from  the  same  side  several  miles  above 
Evans,  or  about  forty -five  miles  below  Denver ;  and  the  Cache 
La  Poudre,  in  like  manner,  enters  somewhat  more  than  fifty 
miles  from  Denver.  The  towns  of  Evans  and  Greeley  lie  close 
together,  the  former  being  on  the  South  Platte  River  almost 
fiftv  miles  from  Denver. 

in  1878,  I  visited  this  region  and  made  some  observations, 
which  were  published  shortly  afterward.  As  the  conclusions, 
which  I  then  reached,  were  called  in  question,  I  took  occasion 
before  entering  the  field  in  1878  to  revisit  the  locality. 

A  line  of  bluffs  begins  on  the  west  side  of  the  South  Platte 
River  at  a  little  way  below  the  mouth  of  St  Vrain's  Creek, 
and  continues  until  within  a  mile  or  two  of  Thompson  Creek. 
This  bluffs  is  more  or  less  distinct  on  the  north  side  of  the 
St  Vrain  for  nearly  four  miles  from  its  mouth.  Similar  bluffs 
are  conspicuous  along  the  northerly  bank  of  Thompson  for 
several  miles,  and  can  be  traced  thence  to  near  the  Cache  La 
Poudre  without  any  difficulty. 

A  low  bluff-like  ridge,  lying  at  from  one  to  three  miles  from 
the  river,  begins  at  Platte ville  on  the  east  side  of  the  stream, 
and  is  easily  followed  to  a  considerable  distance  northeastward 
from  the  town  of  Evans. 

In  the  bluffs  lying  on  the  west  side  of  the  Platte,  the  rocks 
dip  gently  northward.  On  the  opposite  side  the  dip  is  insig- 
nificant; a  very  gentle  anticlinal  was  observed  at  rlatteville, 
and  the  rocks  are  almost  horizontal  or  possibly  dipping  slightly 
toward  the  north  at  four  miles  southeast  from  Evans. 

On  the  West  side  of  the  South  Platte  River. — Following  the 
grade  of  the  Colorado  Central  Railroad  on  the  west  side  of  the 
river,  one  finds,  somewhat  more  than  four  miles  above  Evans, 
an  outcrop  of  bright  yellow,  very  friable  sandstone,  forming  a 
broad  band  on  the  bluff.  Fragmentary  outcroppings  of  the 
same  rock  were  observed  farther  down  the  river,  but  here  for 
the  first  time  the  exposure  is  satisfactory. 

On  the  Thompson,  the  exposure  ends  with  the  curving  bluff 
at  probably  five  miles  from  the  river,  and  the  dip  along  the 
stream  is  insignificant 

As  already  stated,  the  bluff  begins  again  on  the  south  side 
of  the  Thompson  probably  two  miles  from  that  stream,  and 
is  continuous  thence  to  within  a  short  distance  of  the  St  Vrain. 
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Here  again  is  a  fine  exposure  of  the  sandstone  which  shows  a 
gentle  east-northeast  dip.  The  section  up  to  the  St  Yrain  is  as 
follows,  the  thicknesses  being  estimated : 

1.  Yellow  sandstone 450  feet. 

2.  Blue  sandstone 200     " 

8.  Concealed .  200     " 

4.  Yellow  sandstone 100     " 

5.  Gray  to  blue  sandstone 50     " 

Total 1,000    " 

No.  1,  the  sandstone  already  referred  to  as  occurring  in  the 
bluffs  both  north  and  south  from  the  Thompson,  is  bright 
yellow  and  for  the  most  part  extremely  friable,  weathering 
easily  and  breaking  down  into  loose  sand.  But,  at  irregular 
intervals,  vertically,  it  shows  thin  layers  of  darker  sandstone, 
some  of  which  are  quite  compact,  while  others  are  flaggy, 
though  they  all  resist  the  action  of  the  weather.  The  unequal 
resistance  to  the  weather  is  so  marked  that  south  from  the 
Thompson  the  bluffs  are  known  as  the  Monument  Bluflfs.  The 
features  are  exactly  the  same  as  those  shown  in  Monument 
Park,  north  from  Colorado  Springs,  and  the  peculiar  forms 
exhibited  in  photographs,  taken  by  Mr.  Jackson  in  that  Park, 
are  accurately  reproduced  here.  So  closely  do  the  rocks 
on  the  Platte  and  St.  Vrain  resemble  those  in  Monument 
Park,  that  one  might  well  be  tempted  to  imagine  that  they 
are  parts  of  one  series,  and  that  the  series  is  continuous  along 
the  whole  face  of  the  mountain. 

This  locality  was  visited  by  me  in  1878,*  in  company  with 
Mr.  J.  A.  P.  Kelley  of  Evans,  and  in  1878  with  Dr.  J.  Innes 
and  Mr.  S.  A.  Stevenson  of  Evans,  and  Mr.  A.  J.  McClure  of 
Bellefonte,  Penn.  For  the  greater  portion,  the  soft,  yellow 
sandstones  are  devoid  of  fossils,  but  here  and  there  Halymenites 
mojor  Lesqx.  occurs,  and  occasionally  one  stumbles  on  a  little 
nest  of  Ostrea,  The  harder  layers  are  quite  different,  many  of 
the  more  compact  being  crowded  with  the  Halymenites^  while 
most  of  the  flaggy  layers  contain  Fox  Hills  fossils,  among  which 
are  Ammonites  lobatus^  Nucula  cancdlata,  MacLra  Warrenana^ 
and  numerous  other  species.  Other  layers  are  crowded  with 
fragments  of  carbonized  wood,  and  frequently  one  finds  in  such 
layers  oblong  cavities,  six  inches  long,  filled  with  carbonaceous 
matter  in  oolite  grains  and  closely  resembling  the  roe  of  a  large 
fish.  In  1873,  Mr.  Kelley  discovered  a  thin  layer  containing 
impressions  of  dicotyledonous  leaves.  But  the  leaf  specimens, 
with  nearly  all  the  other  specimens  obtained  during  that  visit, 

*  Notes  on  the  obseirations  made  in  1873  were  published  in  the  Proc  Lye. 
Nat.  Hist,  of  N.  Y.  for  Jan.,  1874;  in  the  Proc.  Amer.  Phil.  Soc.  for  1875;  and 
In  the  report  t/>  Lt.  Wheeler,  published  in  1876. 
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were  destroyed  by  an  accident  to  the  building  where  they  were 
stored  in  Evan&  During  my  last  visit  the  leaf  bed  could  not 
be  found. 

These  fossils  can  be  procured  between  the  Thompson  and 
St  Vrain  from  a  high  knob  near  the  Stone  House,  but  localities 
are  numerous  both  north  and  south  from  the  Thompson,  speci- 
mens having  been  obtained  by  me  from  both  sides  of  that 
stream,  and  from  the  north  side  by  persons  connected  with  the 
Geological  Survey  of  the  Territories. 

The  blue  sandstone  appears  first  above  the  Stone  House,  and 
physically  differs  little  from  the  overlying  yellow  sandstone.  It 
contains,  however,  no  inconsiderable  proportion  of  shale,  while 
shalv  layers  are  few  in  the  other  rock. 

The  interval.  No.  8,  as  given  in  the  section  is  too  small,  but 
no  direct  means  of  determining  the  thickness  was  at  my  dis- 
posal, and  the  calculation  was  made  roughly  by  depending  on 
the  rate  of  dip  at  the  southern  termination  of  the  bluffs  at 
St  Yrain.  The  sandstones  at  the  base  of  the  section  are 
exposed  on  the  St  Vrain  at  nearly  three  miles  from  the  river. 
They  resemble  the  higher  sandstones  in  structure,  and  as  far 
as  examined  proved  to  be  non-fossiliferous. 

The  relation  of  this  enormous  mass  of  sandstone  to  the  coal 
beds  mined  by  the  St  Vrain  Company  could  not  be  made  out 
directly,  as  there  is  no  way  of  connectmg  the  exposures;  but  a 
barometric  line  carried  over  to  the  mmes  seems  to  indicate 
that  the  coal  at  those  works  lies  not  far  from  the  horizon  of 
the  concealed  interviJ.  There  is  no  evidence  that  any  faults 
exist  in  this  vicinity.  Coaly  material  was  obtained  in  borings, 
b^un  on  the  north  side  of  St  Vrian  in  the  sandstone  at  the 
base  of  the  section. 

On  the  East  side  of  the  South  Platte  Biver.— In  1874,  Dr.  J. 
Innes  made  several  borings  in  search  of  coal  at  about  five 
miles  southeast  from  Evans.  No.  1  was  begun  in  dull,  yellow 
sandstone,  moderately  coarse,  containing  small  ferruginous 
nodules  with  Halymenites  major  and  shells ;  but  only  fragments 
of  the  latter  were  seen,  suflBicient,  however,  to  show  that  they 
belong  to  characteristic  species  of  the  Fox  Hills  group.  This 
boring  was  carried  268  feet  and  gave  the  following  section : 

1.  Sandstone 62  feet. 

2.  Carbonaceous  shale 4    " 

3.  Yellow  sandstone 10    " 

4.  Light  shale 50    « 

6.  White  sandstone 40    " 

6.  Blue  shale 10    " 

7.  Blue  sandstone 10    " 

8.  Alternations  of  sandstone  and  shale 92     '^ 

Total 268    " 


Digitized  by 


Google 


872         J.  J,  SUvenaon—Fox  Hills  Group  of  Colorado. 

Certainly  very  diflferent  from  anything  exposed  on  the  western 
side  of  the  nver.  The  rocks  here  are  almost  horizontal,  but 
there  seems  to  be  a  very  slight  dip  toward  the  north.  Accom- 
panied by  Dr.  Innes,  and  Messrs.  Miller  and  Stevenson  of 
Evans,  I  followed  up  the  gulch  from  this  boring  to  No.  2, 
which  is  but  a  short  aistance  from  the  last  and  only  a  few  feet 
higher.  Between  the  two  is  a  blossom  of  coal  or  carbonaceous 
shale.  Almost  immediately  north  from  the  gulch  and  at 
barely  100  feet  above  No.  1,  a  third  boring  was  put  down, 
in  which  the  following  section  was  obtained  : 

1.  Dirt lOfeet 

2.  Sandstone 10     " 

3.  Fire  clay 2     " 

4.  Sandstone 14    " 

6.  Bluckahale 16     " 

6.  Sandstone 21     " 

7.  Fire  clay 1  foot. 

8.  Coal  with  a  little  shale 2  feet  10  inches. 

9.  Interval 28     «      3      " 

10.  Coal 0     «     2      « 

Total 106     «      3      " 

The  black  shale,  No.  5,  is  very  carbonaceous  throughout,  and 
No.  10  is  in  close  proximity  to  the  dark  shale  or  coal  seen 
between  borings  No.  1  and  No.  2,  which  rests  almost  directly 
on  the  sandstone  at  the  top  of  the  section  in  No.  1. 

At  fourteen  feet  above  the  curb  of  this  boring,  a  shaft  was 
begun  in  order  to  reach  the  coal  bedj  No.  8  of  the  section ;  but 
after  it  had  been  sunk  to  a  depth  of  twenty-eight  feet,  Dr.  Innes 
made  a  boring  to  determine  the  character  of  the  coal  once  more. 
In  this,  the  upper  portion  of  the  shale.  No.  5  was  found  to  be  a 
coal  bed  two  feet  seven  inches  thick ;  the  coal  bed^  No.  8,  was 
unchanged  in  thickness,  while  the  little  bed  at  the  bottom  of 
the  thira  boring  had  swelled  to  six  inches.  But  of  the  three 
beds  only  the  middle  one  showed  good  coal,  that  from  the 
others  being  very  soft  and  of  not  merchantable  quality. 

The  shaft  shows  10  feet  of  debris  resting  on  eighteen  feet  of 
sandstone.  The  latter  contains  several  fine-grained,  somewhat 
ferruginous  layers,  which  are  crowded  with  remains  of  Fox 
Hills  species,  of  which  many  weathered  specimens  still  lie 
round  the  dump.  The  best  specimens  obtained  were  carried 
away  as  the  work  advanced,  but  a  box  of  them  was  selected 
by  Dr.  Innes,  and  sent  to  me  in  1874  by  Mr.  J.  A.  P.  Kelley 
of  Evan&  This  contained  the  following  species:  Ammonites 
lobatuSy  Oardium  speciosum^  Nucula  cancdlata,  Mactra  aUoj  Mactra 
Warrenana,  Lunaiia  Moreauensis  and  undetermined  species  of 
Anchura,  Fragments  of  these  were  sei^n  on  the  dump,  and 
some  good  specimens  of  the  univalves  were  obtained. 
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At  a  little  distance  from  this  shaft  another  boring  was  made, 
which  shows  eleven  beds  of  coal  in  the  same  interval,  which 
vary  in  thickness  from  two  to  thirty-one  inches. 

One  cannot  join  the  exposures  on  the  east,  with  those  on  the 
west  side  of  the  river,  as  the  terraced  plains  of  the  Platte  are 
very  broad  from  Platteville  to  far  below  Evans.  At  the  same 
time,  the  fucoids  and  the  moUusks  are  fully  characteristic  of 
the  Fox  Hills  group,  and  show  that  the  rocks  on  both  sides  of 
the  river  are  of  the  same  age.  Those  on  the  east  side  have 
been  regarded  as  without  doubt  belonging  to  the  Laramie,  not 
to  the  Fox  Hills  Group. 

The  bluffs  on  the  west  side  between  the  Thompson  and  the 
St  Vrain  have  been  colored  as  Laramie  on  Dr.  Hayden's  map. 
These  bluffs  show  Fox  Hills  fossils  to  the  top ;  they  contain  no 
coal ;  no  leaf-impressions  were  found  by  Dr.  Hayden's  corps. 
It  is  difficult  to  understand,  therefore,  why  the  richly,  fossil- 
iferous  sandstones  of  the  bluffs  should  be  colored  as  Laramie, 
while  the  underlying  sandstones,  without  characteristic  features, 
should  be  colored  as  Fox  Hills.  The  bluffs  along  the  Platte, 
both  north  and  south  from  the  Thompson  and  those  on  both 
sides  of  the  Thompson,  are  Fox  Hills  and  Fox  Hills  only.  No 
higher  rocks  are  exposed  between  Thompson  and  St.  Vrain 
within  five  miles  west  from  the  Platta 


Art.  XLV. — Note  on  the  Spectrum  of  Brorsen's  Comet;  by 
Professor  C.  A.  Young,  of  Princeton,  N.  J. 

After  several  unsuccessful  attempts,  I  have  at  last,  on 
April  Ist  and  2d,  obtained  fairly  satisfactory  observations  of 
the  spectrum  of  this  comet.  It  consists  of  three  bands,  like 
the  spectra  of  all  the  other  comets  hitherto  observed,  the 
bands  being  well  defined  at  the  lower  (least  refrangible)  edge 
and  fading  out  towards  the  upper.  The  spectrum  is  so  faint 
that  observation  is  very  difficult,  and  I  was  able  to  determine 
the  position  of  onlv  one  of  the  bands — that  in  the  green,  which 
is  much  brighter  than  the  other  two. 

The  instrument  employed  was  the  9i  inch  refractor  of  our 
new  observatory,  armed  with  a  one-prism  spectroscope  of  suffi- 
cient dispersive  power  to  separate  the  D  lines  clearly ;  the  eye-, 
piece  has  a  micrometer  which  carries  a  bar  thick  enough  to  be 
seen  on  the  back-ground  of  even  a  very  feeble  spectrum.  The 
observation  was  made  bv  placing  the  bar  so  that  the  bright 
edge  of  the  band  should  be  just  visible  as  a  thin  line,  the  rest 
of  the  band  being  occulted.  The  instrument  has  also  a  scale 
like  that  of  the  ordinary  chemical  spectroscope,  and  the  posi- 
tion of  the  micrometer-bar  is  determined  both  by  the  reading 
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of  the  micrometer-screw  and  by  the  reading  of  the  scale,  illu- 
minated for  a  moment  after  the  bar  has  been  set 

On  April  1st  I  got  three  scale  readings — respectively  99*9, 
100*0  and  100*4,  the  value  of  one  scale  division  in  this  part  of 
the  spectrum  being  very  nearly  25  units  of  Angstrom's  scale, 
or  about  double  the  distance  between  the  extreme  lines  of  the 
h  group,  the  readings  decreasing  with  the  wave  length. 

Just  before  dark  6i  in  the  spectrum  of  daylight  coincided 
with  100  on  the  scale ;  also,  immediately  after  the  third  point- 
ing and  without  disturbing  the  telescope,  spectroscope,  or 
micrometer,  the  flame  of  a  Bunsen  burner  was  presented  to  the 
slit,  and  the  lower  edge  of  the  green  band  in  the  well-known 
spectrum  of  this  flame  was  found  to  show  itself  at  the  edge  of 
tne  occulting  bar  precisely  where  the  comet  spectrum  had 
been.  We  mav  therefore  fairly  conclude  that  the  lower  edge 
of  the  central  band  in  the  comet  spectrum  had  a  wave  length 
of  very  nearly  517  millionths  of  a  millimeter.  The  observa- 
tion of  April  8d  confirms  this,  though  but  a  single  reading 
could  be  obtained.  The  only  special  interest  in  this  observa- 
tion lies  in  the  fact  that  in  1868  Mr.  Huggins  obtained  a  some- 
what different  result  for  this  same  comet 

In  an  elaborate  paper  published  some  years  ago  by  Vogel  in 
PoggendorfF's  Annalen  upon  the  spectra  of  comets,  he  comes 
to  the  conclusion  that  there  are  several  different  kinds  of  com- 
etary  spectra,  the  differences  lying  merely  in  the  wave-length 
of  the  bands.  But  he  seems  to  have  reached  this  conclusion 
by  assigning  rather  too  high  a  degree  of  accuracy  to  the  obser- 
vations. With  the  exception  of  Brorsen's  comet,  it  would 
seem  that  the  discrepancies  between  the  different  results  are 
entirely  within  the  range  of  probable  error,  and  that  there  is 
no  valid  reason  for  supposing  more  than  a  single  cometary 
spectrum,  slightly  modified  in  different  comets  by  differences 
of  pressure  and  temperature. 

It  would  now  appear  from  my  observations  that  Brorsen's 
comet  also  must  fall  into  line  with  the  rest 

I  am  entirely  at  a  loss  how  to  explain  Mr.  Huggins's  result 
It  can  hardly  be  that  the  comet  has  really  changed  its  spectrum 
in  the  meanwhile,  and  a  careful  reading  of  his  account  (Proc. 
of  the  Eoyal  Society,  vol.  xvi,  p.  388)  gives  no  light  as  to  how 
an  error  could  have  crept  into  his  work ;  on  the  other  hand, 
every  precaution  would  seem  to  have  been  taken. 

However  this  may  be,  I  am  quite  positive  as  to  the  accuracy 
of  my  present  result — that  the  middle  band  of  the  spectrum  of 
this  comet  now  coincides  sensibly  (to  a  one-prism  spectroscope) 
with  the  green  band  in  the  hydrocarbon  spectrum. 

The  comet  is  moving  very  nearly  in  the  path  assigned  by 
the  ephemeris  of  Schulze.  It  is  easily  visible  in  the  8-inch 
finder  of  the  equatorial,  and  in  the  telescope  itself  appears  aa 
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a  round  nebulosity,  between  80"  and  40''  in  diameter,  without 
definite  nucleus,  though  much  brighter  in  the  center.  Before 
the  new  moon  a  faint  tail  was  yisible,  about  one-half  d^ree  in 
length.  It  appeared  like  a  thin  streamer,  much  narrower  than 
the  head  of  the  comet,  perfectly  straight,  and  directed  from  the 
sun. 
Prinoeton,  N.  J.,  April  6,  1879. 


Abt.  XLVL — On  the  Hudson  River  Age  of  the  Taconie  Schists^ 
and  on  the  Dependent  Relations  of  the  Dutchess  County  and 
Western  Connecticut  Limestone  belts ;  by  James  D.  Dana. 

The  paper  by  the  writer  on  the  Relations  of  the  Geology  of 
Vermont  to  that  of  Berkshire,  in  volume  xiv  of  this  Journal 
(1877\  closed  (on  p.  264)  with  the  following  paragraph : 

"  Tne  magnitude  of  the  results  are  strong  evidence  that  the 
so-called  limestone-area  is  really  but  a  small  part  of  a  larger 
r^ion  of  cotemporaneous  disturbance  and  uplift.  The  true 
breadth  of  the  area,  as  well  as  length — whether  it  reached  to 
the  Connecticut  Valley  on  the  east  and  to  the  Hudson  River 
Valley  on  the  west,  and  so  had  the  breadth  of  the  Appalachian 
disturbance  of  a  later  epoch,  or  whether  it  had  narrower  limits 
— may  be  ascertained  by  studying  the  stratification.  Some  of 
the  results  of  such  a  study  as  regards  Connecticut  and  a 
portion  of  New  York  I  propose  to  give  in  another  paper." 

Since  the  above  was  written  I  have  spent  mucn  time  in 
endeavoring  to  complete  my  observations  m  Connecticut  and 
the  neighboring  counties  of  New  York.  I  have  sought  to  deter- 
mine the  strike  and  dip  and  stratigraphical  relations  of  the 
rocks  of  Western  Connecticut — points  on  which  Percival's 
Report  contains  little,  since  he  aimed  chiefly  to  describe  the 
hinds  of  rocks  and  their  geographical  distribution^  and  did  not 
note  where,  in  any  case,  lines  oi  stratification  and  of  lithological 
distribution  were,  as  is  often  true,  not  coordinated.*    I  have 

*  Dr.  Percival  was  a  very  exact  man  in  all  his  work.  He  made  great  numbers 
of  observations  on  the  dip  of  the  crystalline  schists  of  the  State,  but,  imfortu- 
nately,  did  not  publish  them.  They  had  a  secondary  importance  wlt^  him  because 
he  believed  that  the  different  kinds  of  crystalline  rocks  were  formed  from  an 
original  crystallizing  magma  by  successive  segregations,  and  did  not  credit  the 
ordinary  views  as  to  stratification  and  metamorphism.  Lines  of  bedding  very 
often  s^ike  across  the  boundaries  of  his  lithological  areas,  showing  that  the  latter 
as  laid  down  on  his  map,  while  of  interest,  are  no  guide  to  the  stratification,  ex- 
cept in  the  case  of  the  limestone  areas  and  those  of  a  few  other  formations  of 
persistent  lithological  characters.  It  is  due  to  Percival  to  say  that  his  theory  did 
not  lead  him  to  the  slightest  perversion  of  the  stratigraphic  or  other  facts  before 
him,  but  only  to  a  misai^reoiation  of  some  of  their  befuings;  and  had  the  State 
of  Gonnecticoi  been  more  generous  to  him  in  its  allowance  of  time  for  the  com- 
pletion of  the  survey,  and  of  money  for  the  publication  of  his  notes,  there  would 
have  been  little  left  for  later  geologists  to  do. 

Am.  Joub.  Soi.— TmBD  Sbbibs,  Vol.  XVn,  No.  101.— Mat,  1879. 
26 
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made  observations  toward  the  same  end,  and  also  widely,  over 
Dutchess  and  Westchester  Counties,  New  York.  The  work  is 
still  far  from  finished.  But  the  discoveries  by  Mr.  Dale  at 
Poughkeepsie  throw  so  much  li^ht  on  the  general  question  at 
issue — the  age  of  the  Taconic  scnists,  when  they  are  connected 
with  the  facts  already  learned,  that  I  here  anticipate  my  fuller 
memoir  by  a  brief  statement  of  the  facts  and  their  bearing. 

1.    On  the  Hudson  Rivbb  Age  op  the  Taconic  Schists. 

(1.)  The  discovery,  by  Mr.  A.  WiNG,  of  Trenton  fossils,  Tri- 
nucleus  concentricxis  and  other  species,  in  beds  of  the  crystalline 
limestone  formation  of  Vermont  that  directly  adioin  and  under- 
lie conformablv  the  slates  of  the  north -and-south  Taconic  belt, 
has  established  the  fact  that  these  Vermont  slates  are  of  the  age 
of  the  Upper  Trenton  or  the  Hudson  River  group ;  and  the  fact 
that  this  Taconic  belt  continues  southward,  m  an  uninterrupted 
line,  into  and  through  Western  Massachusetts,  constituting  the 
Taconic  Mountains  flying  on  the  boundary  between  that  State 
and  "New  York),  and  the  additional  fact  that  the  same  great 
limestone  formation  follows  the  belt  through  its  course  and 
underlies,  in  a  synclinal,  its  slates  or  schists — ^as  the  writer  has 
shown,  the  limestone  of  the  east  side  dipping  under  the  moun- 
tains and  becoming  the  limestone  of  Copake  and  Hillsdale  on 
the  west — affords  scarcely  less  positive  proof  that  these  Berk- 
shire Taconic  slates  also,  the  original  tjpical  Taconic  slates  of 
Emmons  long  supposed  to  be  Cambnan  or  pre-Silurian,  are 
of  Hudson  River  i^e. 

This  conclusion  loses  nothing  of  its  certainty  in  consequence 
of  the  fact  of  a  change  in  the  schists  of  the  belt  from  argil- 
laceous schists  at  the  north  (one  source  of  the  roofing-slate 
industry  of  Vermont),  to  hydromica,  chloritic  and  garnetiferous 
mica  schists,  and  staurolitic  schists,  toward  the  south  extremity 
of  the  mountains;  for  the  introduction  of  hydromica  schists 
(formerly  called  magnesian  and  talcose  schists)  takes  place  in 
Vermont  not  far  from  the  localities  that  afforded  the  fossils  ; 
and  these  hydromica  schists  continue  the  whole  length  of  the 
belt,  though  more  chloritic,  more  coarsely  micaceous,  and  often 
garnetiferous,  to  the  south.  As  to  the  synclinal  of  the  Mt 
Washington  portion  of  the  Taconic  range  in  southwestern 
Massachusetts,  Professor  W.  W.  Mather,  in  a  section  on  Plate 
16  of  his  New  York  Geological  Report  (1848V  across  the 
mountains  fifteen  miles  farther  south,  represents  tne  limestone 
of  Salisbury  as  dipping  westward  beneath  the  slates  while  those 
of  the  west  dip  eastward,  as  they  do  elsewhere  on  that  side  of 
the  mountains.  Further ;  my  own  recent  observations  in  Nor- 
thern Salisbury,  within  three  miles  of  the  Massachusetts  line, 
confirm  those  which  I  made  just  north  in  Western  Sheffield ; 
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that  the  limestone  along  the  eastern  foot  of  the  mountains 
(near  or  west  of  the  nearest  road  to  them)  dips  westward — the 
dip  being  found  to  be  46°  to  60**  to  the  west,  with  the  strike 
between  N.  8°  E.  and  N.  8°  W.  (true). 

(2^  The  recent  discovery,  by  T.  Nelson  Dale,  Jr.,  of  fossils  of 
the  Hudson  Eiver  group  in  tne  slates  or  argillaceous  schists  of 
Poughkeepsie,  on  the  Hudson  Eiver,  (sustaining  the  early 
views  of  the  New  York  geologists,  Professor  W.  W.  Mather  and 
Professor  James  Hall,)  afford  another  line  of  approach  to  the 
Taconic  Mountains  of  Massachusetts,  and  presents  further  evi- 
dence of  their  Hudson  Eiver  age.  In  the  first  place,  the  lime- 
stone belt  which  lies,  as  above  remarked,  at  the  western  foot  of  . 
these  mountains  along  through  Hillsdale  and  Gopake,  and 
which  is  the  western  side  of  the  mountain  synclinal,  branches 
off  from  Copake  south-southwest  through  middle  and  western 
Ancram,  ana  extends  along  the  whole  course  of  the  valley  of 
Wappinger  Creek  to  the  Hudson  Eiver,  which  it  reaches  only 
four  miles  below  Poughkeepsie,  with  a  single  interruption  of 
less  than  three  miles ;  and  it  is  everywhere  conformable  to  the 
argillaceous  schists  which  border  it  on  the  east,  including  those 
of  Poughkeepsie;  and  also  with  those  on  the  west,  except 
along  a  region  of  faulting  near  Bangall  and  Stissing  Mountain 
(a  range  bordering  the  limestone  area  on  the  west  between 
Stissingville  and  Pine  Plains.)  This  continuation  of  the  slates 
and  limestone  northeastward,  from  the  Poughkeepsie  region 
to  the  Copake,  renders  it  highly  probable  that  the  same  lime- 
stone formation  which  adjoins,  and  is  conformable  to,  the 
Hudson  Eiver  slates  or  schists  of  Poughkeepsie,  adjoins,  is  con- 
formable to,  and  underlies  the  schists  of  the  Taconic  Mountains. 

The  limestone  of  Wappinger  Valley  is  the  Barnegat  lime- 
stone of  Mather — so  named  from  a  locality  on  the  Hudson, 
south  of  Poughkeepsie,  where  it  is  burnt  for  lime ;  and  this 
geologist  gives  it  the  course  here  described,  mentioning 
that  it  outcrops  on  the  Hudson  at  the  mouth  of  Wappinger 
Creek  between  Barnegat  and  New  Hamburgh,  and  follows  the 
river  northeastward  to  Copake  (not  noting  the  break  in  it)  ;* 
and  he  also  states  that  it  appears  on  the  west  side  of  the 
Hudson  and  stretbhes  on  to  the  south-southwest,  passing  within 
one  mile  of  Newburgh,  into  the  town  of  New  Windsor,  in 
which  it  ends,  not  far  from  the  Archaean  of  the  New  Jersey 
Highlands,  in  a  small  body  of  water  called  Little  Pond.  The 
writer  has  examined  the  limestone  at  various  points  along  the 
valley ;  and  he  has  found  the  conformability  to  the  slates,  stated 
by  Mather,  to  be  very  generally  true.     The  limestone  area  is 

*  QcwA,  Bep.  4to,  1843,  pages  413  and  437.  In  the  paragraph  on  p.  43*7  here 
referred  to,  there  is  some  confusion  as  to  the  courses  of  the  other  Dutchess 
Oountf  limestone  areas. 
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similar  to  the  limestone  region  east  of  the  Taconic  Mountains 
in  baying  large  limonite  beds,  not  only  in  Copake  and  fartber 
nortb,  but  also  in  Central  Ancram  ana  beyond  to  tbe  soutb ; 
among  tbem  tbe  Reynold's  ore-pit,  three  to  four  miles  south- 
west of  the  Weed  ore-pit  of  Soutnern  Copake,  and  tbe  Morgan, 
a  mile  and  a  half  &rtber  south.  Thus  tne  obseryations  accord 
well  with  the  yiew  that  the  limestone  belt  which  borders 
conformably  the  Hudson  Riyer  argillaceous  schist  of  Pough- 
keepsie  is  the  same  that  borders  the  Taconic  schists  in  Copake 
and  Hillsdale.  If  so,  since  the  Copake  and  Hillsdale,  or 
Western,  belt  of  limestone  dips  under  the  Taconic  Mountains 
and  comes  up,  on  the  east,  as  the  "  Great  Central  belt "  of  the 
Green  Mountain  region,  the  Bamegat  or  Wappinger  Valley 
limestone  is  only  a  southwestern  extension  of  the  great  lime- 
stone formation  that  outcrops  around  Dorset,  Rutland  and 
Middlebury,  Vermont  The  occurrence  of  limonite  beds  along 
the  junction  between  the  schists  and  limestone,  as  a  result  of 
their  alteration,  in  both  the  eastern  and  western  belts,  is  an 
additional  mark  of  general  identity. 

[On  the  accompanying  map,  representing  a  portion  of  East- 
em  New  York,  with  also  part  of  Western  Connecticut  and  the 
southwest  comer  of  Massachusetts,  the  general  position  of  two 
Dutchess  County  limestone  belts  is  shown,  from  their  outcrops 
along  tbe  Hudson  Riyer  to  their  junction  with  one  another  in  the 
Copake  limestone  belt,  west  of  the  area  of  the  Taconic  Moun- 
tains. The  map  also  ffiyes  the  position  of  the  southern  part 
of  the  ^'  Great  Central ''  limestone  belt  of  the  Green  Moun- 
tain region,  as  laid  down  by  Perciyal  on  bis  geological  map  of 
Connecticut,  from  Sheffield  in  Massachusetts,  and  Canaan  in 
Connecticut  (where  it  has  tbe  width  which  characterizes  it 
farther  north  in  Berkshire  and  Vermont),  through  Salisbury  and 
Sharon,  and  thence  through  Eastern  New  Tork,  here  gradually 
narrowing,  to  its  end  among  contorted  beds  of  micaceous  gneiss 
eight  miles  south  of  Pawling,  and  just  east  and  north  of  the 
Archaean  Highlands.  These  areas,  where  broadest,  include  some 
intercalated  beds  of  schist  and  isolated  schist  ridges.  The  map  also 
giyes  theposition  of  two  eastern  limestone  belts  in  Connecticut, 
that  of  Kent  and  Cornwall,  and  that  of  Brookfield  and  New 
Milford.  The  T-Uke  symbols  oyer  tbe  map,  indicate  the  strike  and 
dip  from  my  obseryations.] 

(8.)  Besides  this  stratigraphical  eyidence  we  now  haye  more 
positive  evidence  from  the  occurrence  of  Trenton  fossils  in  the  lime- 
stone of  some  parts  of  Wappinger  Valley. 

Professor  Mather  makes  the  statement  in  his  quarto  New  York 
Report  (repeating  it  from  his  Annual  Report  of  1888),  that  in  a 
bed  of  slaty  limestone  existing  in  the  slates  one-and-a-fourth 
to  one-and-a-half  miles  north  of  Bamegat,  '*  a  few  fossils  were 
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Map  of  Dutchess  and  the  adjoining  Counties  of  Eastern  New 

York^  toith  a  portion  of  Western  Connecticut  and 

Southwestern  Massachusetts. 


Dutchess  Gounly  is  included  between  the  boundary  lines  AB  B.C.  on  the  north, 
and  CD  on  the  south.  On  the  north  is  Columbia  County,  and  on  the  south,  Put- 
nam. The  Archsean  Highlands  of  Putnam  County  are  a  continuation  of  those  of 
Orange  County,  New  York,  and  Sussex  County,  New  Jersey.  The  light  areas 
represent  areas  or  belts  of  limestone.  The  notched  line  just  west  of  the  Connect- 
icut boundary  is  the  course  of  the  Harlem  Railroad.  R  (7.,  Boston  Comers; 
OioL  Br,,  Cornwall  Bridge;  Mhb„  Mabbittsville ;  P.  VaUey,  Pleasant  Valley ;  SK, 
Shekomeko  Station,  on  the  Dutchess  and  Connecticut  railroad — ^the  two  streams 
in  the  adjoining  limestone  area  being  tributaries  to  Shekomeko  Brook. 

Scale,  1-lOth  of  an  inch  to  a  mile. 
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found  that  have  been  recognized  as  belonging  to  the  Trenton 
limestone."*  The  names  of  the  species  are  not  given.  The 
Barnegat  limestone  is  not  far  distant  to  the  south  and  is  the 
next  adjoining  stratum.  The  Poughkeepsie  slates  dip  beneath 
the  limestone,  the  dip  being  southeastward.  But  if  the  rocks 
are  in  folds  and  the  limestone  makes  an  anticlinal,  it  is  an 
inferior  bed  notwithstanding  the  position.f  In  the  Barnegat 
or  Wappinger  Valley  limestone,  which  is  a  dark  gray,  semi- 
crystallme  rock,  Professor  Mather  found  no  distinct  fossils. 
He  states  that  his  assistant,  Professor  C.  Bri^s,  ^'in  making 
his  section  from  Poughkeepsie  to  Canaan  in  Connecticut,  dis- 
covered faint  traces  of  shells  at  a  quarry  a  little  south  of 
Pleasant  Valley  on  the  bank  of  Wappinger's  Creek;  but 
they  were  too  imperfect  for  determination.  They  were  sit- 
uated between  the  slaty  layers,  which  have  a  dip  to  the 
south-southeast  of  85*^  to  40^"  Mather  quotes  also  Professor 
Briggs  as  reporting  that  Mr.  William  Thorn  of  this  place 
(Pleasant  Valley)  had  informed  him  that  "he  had  often  seen 
shells  in  the  lime  rock,  although  they  are  rare.'*:]: 

Had  Professor  Mather  himself  visited  that  quarry  half  a 
mile  southwest  of  Pleasant  Valley  (about  seven  miles  north- 
east of  Poughkeepsie),  he  would  not  have  left  the  fossiliferous 
character  of  the  limestone  in  doubt,  and  inserted  discrediting 
remarks  in  his  Beport.  Besides,  Logan's  unfortunate  idea  of  the 
Quebec  group  extending  over  the  r^ion,  and  some  other 
wrong  geological  inferences,  would  never  have  had  birth.  At 
a  visit  to  the  locality  this  spring,  in  order  to  ascertain  the  facts 
in  the  case  (in  which  I  was  accompanied  by  Professor  Wm.  B. 
Dwight  of  Vassar  College,  Poughkeepsie)  I  found  fossils  abund- 
ant and  distinct.  Among  them  we  ooserved  at  the  time  of  our 
visit,  remains  of  two  or  three  species  of  Orinoids,  OyalhophyU 
laid  corals,  Leptama  sericea,  Orthis  tricenaria,  0.  testtuHnariOf 
Orthoceras  junceum,%  forms  suggesting  Strophomena  alteniata 
and  fragments  of  Trilobites.  What  appeared  to  be  the  rounded 
pebbles  of  a  conglomerate  layer,  proved  to  be  worn  specimens 

of  a  ChoBieies  ?  with  columns  not  over  l-260tn   of  an 

inch  in  diameter.  The  snow  was  deep  over  the  country  (so 
deep  that  our  geological  excursion  was  made  '*on  runners,*' 
since  either  "on  foot"  or  "on  wheels"  would  have  been 
attended  with  some  difficulty),  and  hence  a  full  examination 
of  the  locality  could  not  then  be  made.     It  cannot  be,  for  the 

*  Page  401. 

f  Professor  Mather  calls  the  Barnegat  limestone  Caldferous,  apparently  because 
he  had  proved  a  limestone  bed  above  it — ^that  above  referred  to — to  contain 
Trenton  fossils ;  he  could  have  had  no  other  reason  for  it,  for  he  says  that  he  had 
no  fossils  from  it 

t  Page  410. 

I  The  form,  size,  and  distance  between  the  septa,  are  the  same  as  in  this  species. 
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same  reason,  at  the  present  time  (March  21),  and  I  have  left 
the  region  to  be  reported  on  further  by  Professor  Dwight 

Another  locality  of  fossils  in  the  Wappinger  Valley  limestone 
at  Bochdale,  four  miles  east  of  Poughkeepsie,  had  1>een  visited 
by  Professor  Dwight  the  week  before — he  naving  been  informed 
with  r^ard  to  fossils  there  the  day  after  he  received  my  invita- 
tion to  join  me  in  the  excursion — ^and  it  is  not  less  prolific. 
Great  surfaces  are  covered  with  the  Crinoidal  remains,  and  all 
the  species  observed  at  Pleasant  Valley  are  found  there ;  and, 
besides,  a  portion  of  an  Endocerasy  ten  inches  long  and  two 
inches  wide  at  its  larger  end,  and  remains  of  large  specimens  of 
Recepiaculites.  I  refer  to  the  article  following  this  for  Professor 
Dwight's  preliminary  account  of  the  fossils. 

Previously,  early  m  December  (the  day  before  the  first  snow- 
storm of  the  late  snowy  winter),  I  made  a  search  for  fossils  at 
the  northern  end  of  the  Wappinger  Valley  limestone,  in  eastern 
Ancram,  just  west  of  the  extremity  of  Wincheirs  Mountain 
and  not  three  miles  distant  from  the  Taconic  Mountains,  and 
found  what  I  then  and  now  believe  to  be  the  common  Trenton 
species,  Orthis  occidentalis  ;*  and  with  it  there  is  another  kind, 
of  uncertain  character,  which  may  possibly  be  the  Trenton 
Strophomena  altematcu  The  specimen  of  the  Orthis  presents  to 
view  a  section  of  the  shell,  haviuj^  the  size,  form  ana  thickness 
indicated  in  the  accompanying  figure.  The  thin  shell  is  con- 
verted into  white  calcite  (through  the  metamorphism)  ex- 
cepting in  some  parts  an  extremely  thin  exterior  layer;  and 
over  a  portion  of  the  exterior  (at  c) 
there  are  sections  of  a  few  of  the 
costs.  The  hinge  side  of  the  shell 
is  wanting  in  the  specimen.  A 
horizontal  section  made  through 
the  more  convex  (or  ventral)  valve 
was  found  to  have  the  form  which 
it  should  have  if  of  the  species  here 
supposed;  and  so  for  the  other  valve.  The  evidence  is  therefore 
quite  strong  in  favor  of  its  being  this  common  Trenton  Brachi- 
opod. 

The  forms  referred  doubtingly  to  Strophomena  altemata 
have  the  arcuated  outline,  shape  and  thickness,  that  would 
belong  to  sections  of  this  arcuate  shell.  They  are  of  white  cal- 
cite and  correspond  to  individuals  one  to  two  inches  broad  and 
diminishing  mostly  from  a  fourth  to  a  sixteenth  of  aa  inch  in 
thickness.  Besides  the  sections,  there  are  also  broad  concave 
surfaces  like  the  inner  surface  of  valves.  No  appearance  of 
striation  can  be  detected  in  connection  with  any  oi  the  forms. 

*  The  specimens  were  from  a  large  freshly  broken  mass  of  limestone  by  thf» 
road  side  that  was  evidently  derived  from  an  outcrop  near  by. 
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I  have  been  again  over  the  Ancram  region,  but  without  finding 
other  specimens — ^the  limestone  being  much  more  crystalline 
than  it  is  toward  Poughkeepsie. 

The  fossils  of  Pleasant  Valley  and  Eochdale,  prove  that  the 
limestone  of  Wappinger  Creek  Valley  contains  a  stratum  of  the 
^e  of  the  Trenton;  and  that  of  Ancram  has  the  same  bearing. 
The  width  of  the  part  of  the  belt  at  the  two  former  places 
is  two-thirds  to  three-fourths  of  a  mile;  and  since  the  bed 
containing  the  fossils  is,  at  each  of  these  localities,  within  200 
to  280  vards  of  the  eastern  margin  of  the  limestone  belt,  it  is 
probably  one  and  the  same  bed.  The  lithological  character 
of  the  rock  sustains  this.  The  western  margin  lies  conformably 
against  the  Poughkeepsie  **  Hudson  Eiver"  slate ;  and  hence  the 
western  portion  also  must  be  Trenton. 
It  follows  then :  Jtrst,  that  the  belt  is  an 
anticlinal  of  limestone  (as  represented  in 
the  figure,  f,  toward  the  east  side,  being 
the  observed  fossiliferous  bed);  and,  sec- 
ondlvj  that  the  slate  on  the  east  of  it  is  of 
Hudson  Biver  age,  as  well  as  that  west. 
Further:  these  facts,  and  the  concurring 
evidence  from  Ancram,  where  the  lime- 
stone is  essentially  the  Copake  limestone, 
leave  little  doubt  that  Trenton  beds  continue  northward  to  the 
very  foot  of  the  Taconic  Mountains ;  and  that  the  schists  of  the 
Taconic  Mountains,  like  those  of  either  side  of  the  Wappinger 
Valley,  including  Winchell's  Mountain,  are  Hudson  River  in 
age. 

The  Wappinger  Valley  belt  may  have  at  centre  a  Chazy  or 
other  subjacent  limestone  stratum ;  and  if  so,  the  fact  would 
only  make  more  complete  the  identity  of  the  Poughkeepsie 
andf  Vermont  formations. 

In  the  vicinity  of  Stissing  Mountain  there  are  quartzyte  out- 
crops ;  and,  if  the  rock  is  of  the  age  of  the  Potsdam  sandstone, 
the  portion  of  the  limestone  next  adjoining  may  be  Calciferous, 
The  mountain  consists  of  fine-grained,  gray  gneiss,  along  with 
slate  on  the  west,  and  at  the  southern  end  the  gneiss  contains 
minute  zircons;  I  reserve  the  discussion  of  the  age  of  the 
gneiss  for  another  paper — the  first  draught  of  which  was  made 
nearly  eight  years  since. 

(4.)  But  this  Wappinger  Valley  limestone  is  not  the  only  south- 
ward extension  of  the  Oopake  limestone.  Another  (see  Map) 
extends  from  it  southward  by  the  western  foot  of  the  Taconic 
Mountains  through  Boston  Comers  and  Millerton ;  and  in  the 
vicinity  of  the  latter  place  it  has  its  limonite  beds.  Thence  it 
takes  a  south-by-west  course  through  Western  Amenia,  and 
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Eastern  Washington.  It  stops  in  the  latter  town  just  east  of 
Mabbitsville.  But  six  miles  south,  in  the  next  town,  Unionvale, 
it  appears  again  in  the  valley  of  the  Clove,  and  follows  Fishkill 
Creek  to  its  junction  with  the  Hudson.  At  Poughquag,  it  has 
the  extraordinary  breadth  of  three  miles,  and  it  continues  to 
have  great  width  past  the  village  of  Old  Fishkill ;  but  it  then 
narrows,  becomes  confined  to  the  south  side  of  the  Fishkill 
Creek  in  Glenham,  and  is  very  narrow  toward  the  mouth  of 
the  creek.*  It  evidently  loses  in  breadth  in  this  part  because 
of  its  nearing  the  Archaean  region  of  the  Highlands,  which  is 
not  half  a  mile  distant;  and  its  more  western  course  from 
Poughquag  to  the  Hudson  has  the  same  origin.  The  Hudson 
Eiver  slates  border  it  conformably  on  the  north.  Limonite 
beds  occur  along  this  belt  in  Unionvale,  where  is  the  Clove 
ore  bed,  two  on  Sylvan  Lake,  and  one  in  East  Fishkill. 

Through  this  Millerton-and-Fishkill  belt  of  limestone  there 
is  hence  a  second  connection  between  the  Hudson  Eiver  slates 
of  the  borders  of  the  Hudson  Biver  region  and  the  schists  of 
the  Taconic  Mountains. 

The  limestone  is  throughout  as  decidedly  crystalline  as  in  the 
northern  half  of  the  Wappinger  Valley  belt  (though  never 
coarsely  so) ;  and  hence  fossils  would  be  uncommon  if  occur- 
ring in  it  at  alL  In  many  places  forms  suggesting  a  fossil 
origin  are  to  be  met  with. 

Wherever  the  limestone  contains  seams  of  quartz  such  indi- 
cations rareljr  occur,  the  most  suggestive  appearances  being 
small  and  thin  isolated  bits  of  quartz,  arcuate  in  section.  Since 
the  silicification,  or  the  making  of  the  siliceous  seams,  was 
carried  forward  by  hot  siliceous  waters  (not  cold,  as  in  the  case 
of  silicified  shells  in  an  unaltered  limestone)  during  a  time  of 
metamorphism  in  which  the  limestone  was  crystallized  and 
quartz  veins  were  made  in  the  slates  or  schists,  fossils,  if  any 
were  present,  would  naturally  have  been  dissolved  away. 
Almost  the  only  chance  for  recognizable  forms  is  in  places 
where  the  limestone  is  without  quartz,  and  the  seams  and  spots 
it  contains  are  of  white  calcita  One  of  this  kind,  which  I 
observed  in  the  limestone  seven  miles  north  of  Millerton,  near 
the  base  of  the  Taconic  Mountains,  seemed  to  be  part  of  a 
valve  of  a  ribbed  Brachiopod,  and  others  of  like  suggestive- 
ness  were  met  with  in  some  of  the  limestone  cuts  between 
Hopewell  and  Fishkill.  Such  appearances  favor  the  expecta- 
tion that  distinct  fossils  may  yet  oe  found  in  this  belt     Three 

*  I  found  the  limestone  outcropping  at  the  village  of  Lithgow,  and  east  of 
Mabbitsrille  {Mhb.  on  map),  as  stated  by  Mather.  South  of  this,  the  country  is 
high,  ^e  elevated  region  to  the  eastward  (called  farther  south  Chestnut  Ridge) 
spreading  over  it,  and  having  its  rocks  small  in  dip,  with  undulations,  and  with 
the  limestone  evidently  concealed  beneath.  The  limestone  reappears  where  the 
valley  opens  again,  along  Clove  Brook,  and  is  thence  continuous  to  the  Hudson. 
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miles  west  of  Hopewell  I  obtained  specimens  looking  closely 
like  the  Wappinger  Valley  Cfioeteiesy  but  with  its  structure  lost. 
Between  the  Wappinger- Valley  and  Fishkill-and-Millerton 
belts,  there  are  other  outcrops  of  limestona 

One  area,  nearly  six  miles  long,  lies  between  the  northern 
ends  of  these  belts,  in  the  Shekomeko  Valley.  (See  the  map.) 
Winchell's  Mountain  bounds  it  on  the  east,  and  Husted  station 
is  toward  its  northern  extremity.  The  limestone  is  similar  to 
that  of  the  Fishkill-and-Millerton  belt,  but  has  in  many  parts 

a  delicate  bedding  that 
shows  the  action  of  slowly 
moving  water  during  its 
accumulation.  The  ac- 
companying figure  (from 
a  photograph)  represents, 
natural  size,  figures  on  a 
specimen  of  blue  lime- 
stone, from  a  ledge  near 
Shekomeko  Station  {Sh.)j 
which  are  of  white  calcite 
and  similar  to  those  al- 
luded to  above  as  sug- 
gestive of  Brachiopods. 
Another  specimen  con- 
tains a  group  of  black  curving  surfaces,  which  are  unques- 
tionably of  organic  origin,  and  look  like  impressions  of  a 
few  successive  broken  segments  of  a  TrilMte  IJ-  in.  broad. 

Another  area  exists  just  below  the  Verbank  railroad  station, 
where  two  small  hills  of  a  badly  rifled,  (juartz-seamed,  gnarled 
limestone  occur,  which  is  various  in  stnke,  but  mostly  nearly 
north  and  south,  and  is  without  continuation  at  surface  either 
north  or  south.  A  third  occurs  at  Arthursburg,  hardly  eight 
miles  south  of  Verbank.  I  learn  from  Professor  Dwight,  that 
a  ledge,  1,800  feet  wide  occurs  two  miles  southeast  of  Pleasant 
Valley.     Mather  mentions  one  between  Bedhook  and  Milan. 

Over  the  country  between  the  two  Dutchess  County  limestone 
belts,  the  dip,  excluding  some  local  exceptions,  is  eastward 
(mostly  between  east-by-south  and  east-southeast)  and  the  beds, 
as  has  been  stated,  are  all  conformable.  It  is  true  that  the 
cleavage  of  slates  is  not  always  conformable  to  the  stratification ; 
but  since  over  this  region  the  lamination  in  them  corresponds 
in  all  cases  with  the  bedding  of  the  manj  intervening  limestone 
strata,  the  uncertainties  which  are  thus  introduced  do  not  aflect 
the  above  general  statement  as  to  conformability  and  eastward 
dip.  In  a  supplement  to  this  paper,  the  actual  dips  and 
courses  observed,  will  be  given. 

Rocks. — The  schists  and  limestone  east  of  the  Taconic  Moun- 
tains are  more  crystalline  than  those  tvest^  and  the  crystalline 
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character  diminishes  from  these  mountains  westward  toward  the 
Hudson,  just  as  it  diminishes  along  their  line  northward  toward 
Central  Vermont  The  rocks  are  mica  schist  and  hydromica 
schist,  and  to  the  south  micaceous  gneiss,  over  the  eastern  part 
of  Dutchess  County ;  but,  approachmg  Poughkeepsie,  the  scnist 
in  part  fails  even  of  the  glossy  luster,  and  becomes  dull  argil- 
laceous and  partly  carbonaceous  schist  North  of  Dutchess 
County,  in  Coiumoia  County,  argillaceous  schist  is  the  prevail- 
ing rock,  and  it  is  often  carbonaceous  in  Ancram  and  part  of 
Copake.  The  micaceous  gneiss  of  the  Taconic  schist  belt  is 
well  seen  two  miles  west  of  Pawling;  and  here,  against  its 
eastern  side,  between  it  and  the  limestone,  there  lies  a  large 
limonite  ore-bed.  And  this  gneiss-like  character  continues  to 
its  extremity,  south  of  Towner's,  where,  in  a  dry  portion  of  a 
large  marsh,  north  of  Croton  Lake,  the  limestone  is  exposed  to 
view,  alternating  with  coarse  gneiss.  In  the  slate  ridge  next 
west,  the  northern  extremity  of  which  is  called  WinchelPs 
Mountain  (west  of  Boston  Corners  and  Millerton),  the  rock  is 
argillyte,  and  hydromica  schist,  partly  chloritic;  but  to  the 
south,  it  becomes  gradually  coarser,  being  a  mica  schist  on  its 
eastern  or  more  crystalline  side,  at  Wassaic ;  and  ten  miles  farther 
south,  a  decided  mica  schist  on  its  western  side,  and  still  coarser 
on  the  east ;  and  even  gneissoid  south  of  this.*  Mather  recog- 
nized the  same  changes,  in  this  range  of  slate,  stating  it  thus 
(Bep.  N.  Y.  Geol.,  p.  488):  **in  its  northern  part,  of  slate  and 
talcose  and  chloritic  slates ;  the  middle  part,  oi  mica  slate ;  and 
the  southern  portion,  of  gneiss."  The  extremity  of  the  "Great 
Central"  limestone  belt  is  in  the  area  of  Croton  lakaf 

The  facts  in  Dutchess  County  thus  show  that  argillaceous 
schist,  hydromica  schist,  mica  schist  of  garnetiferous,  ohloritici 
staurolitic  and  other  varieties,  and  micaceous  gneiss,  which  are 
the  occurring  rocks  of  the  so-called  "Taconic  system"  or 
"  Taconian,"  are  here  of  one  and  the  same  age,  and  they  leave 
little  reason  to  doubt  that  they  are,  together,  of  the  age  of  the 
Hudson  River  Qroup. 

Quartzyte  occurs  adjoining  the  Archaean,  southwest  of  Mat- 
teawan,  three  miles  from  the  Hudson  Eiver — a  locality  pointed 
out  to  me  by  Mr.  Charles  M.  Wolcott  of  Fishkill.    The  quartzyte 

*  According  to  a  section  by  Prof.  N.  H.  Winchell  (received  by  the  author  from 
him  in  1872)  nrom  the  top  of  Winchell's  Mountain  eastward  to  LakeviUe,  seven 
miles,  along  a  line  \  m.  north  of  Millerton,  the  rock  of  Winoheirs  Mountain  west 
of  the  summit  is  argillyte,  and  east  of  it  mica  schist;  next  east  is  the  Millerton 
limestone  nearly  two  miles  wide ;  next,  mica  schist,  of  the  same  width,  having, 
on  the  west  a  tMn  stratum  of  '*  compact,  fibrous  hornblende  schist,  somewhat  mica- 
ceous **  (as  seen  in  a  section  on  we  Connecticut  Western  R.  R.) ;  and  then,  Uie 
limestone  of  LakeviUe.  The  dip  is  stated  to  be  north  of  east,  except  at  LakeviUe 
where  there  is  a  low  anticlinal. 

f  It  is  rather  probable  that  an  outcrop  exists  two  mUes  farther  south,  in  the 
site  <rf  another  pond  south  of  Dykeman's,  though  none  is  in  view.  There  is  here 
a  final  tenmnation  of  the  valley  by  high  Archaean  hills. 
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was  jointed  and  obscure  in  its  bedding ;  bat  since  a  limonite 
deposit  (usually  situated  in  these  regions,  between  conformable 
strata  of  schist  or  quartzyte  and  limestone)  adjoins  it,  and 
the  proprietor,  Mr.  Wolcott,  found  this  one  restinc  on  beds 
approacning  the  quartzyte  in  character,  it  is  very  probable  that 
tne  stratum  is  conformable  with  the  limestone,  whose  outcrops 
are  not  far  distant,  and  that  it  is  of  the  age  of  the  Potsdam 
sandstone.  The  adjoining  portion  of  the  limestone  may  hence 
prove  to  be  Calciferous  or  Chazy.  Quartzyte  rests  on  the 
Archaean  also  at  Poughquag,  but  in  nearly  horizontal  beds 
(see  this  Journal,  IH,  iii,  250,  1872)  indicating  a  fault  between 
it  and  the  adjoining  limestone.  Mather  mentions  its  occurrence 
also  at  Shenandoah. 

At  Glenham  near  Fishkill,  a  flesh-red,  coarse  ^nite-like 
stratum  (or  *'  bastard  granite,''  as  it  has  been  called)  lies  between 
the  limestone  and  the  slate,  conformable  to  both ;  and  it  is  evi- 
dently one  of  the  stratified  deposits,  as  is  shown  by  its  conform- 
able  position,  and  its  taking  the  color  of  the  slate  near  the 
junction.  The  adjacent  Archaean  Highlands  were  the  source 
of  the  coarse  granitic  sand  of  which  it  was  made. 

2.  Dbpendbnt  Relations  of  thb  two  Dutchess  County  umb- 
stone  belts  and  two  eastern  belts  in  connecticut. 

The  preceding  map  also  represents,  from  Percival,  two  east- 
em  belts  of  limestone  in  Connecticut,  the  Kent  belt  and  the 
New  MiJford  belt ;  and  I  may  add  that  I  have  been  over  these 
regions  pretty  thoroughly,  and  can  attest  to  Percivars  correct- 
ness. 

Viewing  these  belts  and  the  three  to  the  west  tosetber, 
and  remembering  that  the  Great  Central  belt  is  identified  with 
the  Green  Mountains  through  Massachusetts  and  far  into  Ver- 
mont, it  seems  to  be  a  safe  conclusion  that  all  are  parts  of  one 
system ;  and  that  they  owe  their  existence  to  a  series  of  exten- 
sive cotemporaneously-made  folds  of  the  wide-spread  Lower 
Silurian  formation  of  the  region.  The  New  Milford  and  Kent 
belts  are  the  opposite  sides  of  a  synclinal;  for  the  schistose  rocks 
between  have,  as  I  have  found,  a  westward  dip  along  the  east* 
ern  portion,  and  an  eastward  dip  along  the  western  portion,  as 
indicated  by  the  symbols  for  the  dip  and  strike  on  the  map. 
The  Great  Central  belt  and  the  Kent  belt  pass  one  into  the 
other  in  the  vicinity  of  South  Dover  (see  map),  and  also  to  the 
north  in  the  eastern  part  of  Canaan,  and  thus  they  are  one. 

Over  the  large  gneiss  area  next  west  of  Kent,  the  schistose 
rocks  are,  for  the  most  part,  conformable  to  the  adjoining  lime- 
stone belts — the  strike  about  N.  20°  E.  along  the  southern  half 
and  on  the  eastern  side  of  the  northern  half,  and  with  N.  50** 
K   as  the  average  near  the  Housatonic  Biver,  as  if  from  a 
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wrench  in  the  mass.  On  the  southern  portion  of  the  ea^t  side 
both  north  and  south  of  Kent,  and  also  along  a  large  part  of 
the  v)€8t  side,  the  rock  adjoining  the  limestone  is  quarteyte; 
and  next  follows  gneiss;  the  qiuzrtzyte  in  several  places  is  gneis- 
soidy  and  graduates  into  the  hard  gneiss.  South  of  Sharon,  the 
rock  next  to  the  quartzyte  is  granulyte,  and  there  is  a  partial 
transition  from  one  to  the  other.  The  quartzyte  of  the  two 
sides  of  the  area  is,  with  little  doubt,  the  same  stratum,  and 
probably  the  Potsdam  sandstone;  and  in  that  case  the  con- 
formable gneiss  will  correspond  to  inferior  beds  of  the  Primor- 
dial, and  the  adjoining  portion  of  the  limestone  belts  may  be 
Calciferous;  further,  the  strata  make  an  anticlinal  over  the 
intervening  area  of  gneiss.  This  area  includes  some  uncon- 
formable ledges,  both  in  the  northern  and  southern  half,  in 
which  occur  chondroditio  limestone,  syenyte,  beds  of  titan- 
iferous  magnetite,  and  hard  gneisses,  which  may  be  Archaean ; 
and  if  so,  they  are  outliers  of  the  large  Archsdan  area  of  the 
Highlands  which  exists  to  the  southwest 

3.  Influence  of  the  Limestone  belts  on  the  Featubes  of 

THE  Surface. 

Limestone  being  a  brittle  rock,  the  region  of  flexures,  whatever 
the  thickness  of  the  overlying  mass,  would  have  been  profoundly 
fractured,  especially  in  anticiinals ;  and  being  also  a  soft  rock,  it 
would  have  oeen  easily  carried  away  by  denuding  agencies. 
The  limestone  belts  are  the  chief  courses,  as  Percival  pointed 
out,  of  all  the  greater  valleys  and  streams  of  the  limestone 
region ;  and  in  these  valleys,  as  I  have  found,  the  underdip- 
ping  side  of  the  limestone  is  generally  the  bold,  precipitous 
side,  owing  to  the  undermining  which  it  has  occasioned.  This 
is  so  genendly  true  that  vertical  fronts  in  these  metamorphic 
regions  (and  I  may  add  in  Westchester  County  as  well  as 
farther  north  and  northeast)  are  pretty  sure  eviaence  of  out- 
cropping limestone  below. 

4.    CONCLUBIONS. 

1.  The  Taconic  schists  are,  according  to  the  evidence,  of  the 
age  of  the  Hudson  Eiver  group. 

2.  The  conformability  in  the  rocks  between  the  eastern  of  the 
Connecticut  belts  and  the  Hudson,  bein^  established  by  obser- 
vation, the  five  limestone  belts  are  plainly,  as  above  suggested, 
but  five  outcropping  bands  of  the  Lower  Silurian  limestone  for- 
mations, brought  to  the  surface  by  a  series  of  fiexurea 

8.  The  disturbance  which  upturned  and  crystallized  the  lime- 
stones and  other  conformable  formations  in  the  Green  Mountain 
area,  through  Vermont  and  Massachusetts,  extended  south  over 
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certainly  a  large  part  of  Western  Connecticut,  and  over  Eastern 
New  York  at  least  to  the  Hadson. 

That  hard  gneisses  and  mica  schists  are  among  the  included 
formations  does  not,  in  any  way,  affect  the  evidence  or  the  con- 
clusions here  deduced. 

These  conclusions  coincide  partly  with  those  reached  by 
Professor  Mather,  as  stated  on  pages  488,  464,  and  628  of  his 
Report,  namely:  (1)  That  the  limestone  of  Eastern  New 
York  and  the  (ireen  Mountain  region,  including  that  of  West- 
chester County  down  to  New  York  Island,  is  of  the  Trenton 
or  Calciferous  (Canadian)  periods ;  (2)  that  the  slates,  gneiss, 
mica  schist  and  other  rocks,  directly  associated  with  the  lime- 
stone in  Massachusetts  and  elsewhere,  are  of  the  Hudson  River 
age ;  (8)  that  the  quartzy  te  is  of  the  age  of  the  Potsdam  ;  (4) 
that  the  making  of  the  Green  Mountains  and  the  metamorphism 
of  Western  New  England,  took  place  at  the  close  of  the  Lower 
Silurian.  Proposition  (I)  appears  to  me  to  be  established,  if 
we  admit,  in  addition,  that  the  limestone  may  in  some  places 
be  in  part  Primordial,  and  leave  out  of  consideration,  tor  the 
present,  that  of  Westchester  County.  Proposition  (2)  is  pretty 
well  demonstrated  as  far  as  the  slates  or  scnists  of  the  Taconic 
Range  are  concerned ;  but, — as  I  present  in  the  second  of  my 
articles  on  Berkshire  geology — we  cannot  say  now  of  the 
gneiss  and  mica  schist  ndges  to  the  east  of  the  Taconic  ran^e 
more  than  this,  that  thev  are  Lower  Silurian  ;  and  among  the 
^eisses  are  those  also  oi  local  Archaean  areas.  Proposition  (8) 
IS  almost  certainly  true  for  part  of  the  quartzyte,  but  it  is  not  yet 
safe  to  say  this  of  alL  Proposition  (4)  has  strong  support  in  all 
the  observations  which  I  have  made  in  the  ureen  Mountain 
region. 

Professor  Mather  has  a  separate  chapter  on  "  Primary  rocks  " 
under  which  head  he  includes  the  rocks  of  the  Highlands,  and, 
with  these,  the  gneisses  and  mica  schists  of  Westchester  County 
and  New  York  Island.  The  distribution  of  the  limestone  areas 
of  Westchester  County  with  reference  to  one  another  and  those 
of  Connecticut,  and  their  strati^phical  relations  to  the  gneisses 
and  mica  schists  associated  with  them,  are  a  basis  of  evidence  on 
this  question  of  age,  and  the  facts  I  have  observed  and  mapped 
I  shiul  present  in  a  following  number  of  this  Journal. 

The  nature  and  stratification  of  the  schistose  rocks  interven- 
ing between  the  Connecticut  limestone  belts  I  have  studied 
with  some  detail,  and  I  propose,  after  further  investigations, 
and  the  removal  of  some  doubts  as  to  the  limits  of  the  included 
Archaean,  to  make  these  also  the  subject  of  another  paper. 
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Abt.  XLVIL — On  some  recent  Explorations  in  the  Wappinger 
Valley  Limestone  of  Dutchess  County^  New  York;  by  Professor 
Wm.  B.  Dwight,  of  Vassar  College,  Poughkeepsie,  N.  Y. 

My  attention  was  called  to  the  possible  fossiliferoas  character 
of  the  Wappinger  Valley  limestone  by  an  invitation  from  Pro- 
fessor Dana  to  join  him  in  examinations  at  Pleasant  Yalley,  of  a 
reported  locality  of  fossils  doubtingly  mentioned  by  Professor 
Mather.*  In  order  to  further  the  object  in  view,  I  made 
enquiries  with  regard  to  another  reputed  locality,  at  Bochdale, 
and  the  next  day  I  was  gratified  to  find  the  limestone  there 
abounding  in  fossils.  Since  the  excursion  to  this  place  and 
Pleasant  Valley  with  Professor  Dana,  which  took  place  a 
few  days  later,  I  have  continued  my  search  in  the  Bamegat 
or  Wappinger  Creek  limestone,  he  leaving  the,  field  to  me,  and 
have  discovered  still  other  localities ;  and  it  is  the  object  of  this 
paper  to  mention  the  facts  thus  far  ascertained. 

As  my  acquaintance  with  this  part  of  the  country  has  been 
but  a  brief  one,  and  as  my  researches  have  been  conducted  in 
the  scanty  hours  that  could  be  snatched  from  my  collegiate 
work  during  the  last  four  weeks,  the  results  which  I  here  put 
on  record  should  be  regarded  as  merely  preliminary  to  the 
more  careful  investigations  of  this  interesting  formation  which 
I  hope  to  make. 

The  first  locality  which  I  examined  was  one  at  Rochdale, 
above  alluded  to,  where  objects  of  peculiar  forms  had  been 
reported  to  have  been  found,  thougn  there  is  no  evidence  of 
any  scientific  examination.  It  is  situated  four  miles  northeast 
of  Poughkeepsie,  on  the  premises  of  Mr.  Henry  Titu8.t  The 
limestone  here  has  a  dip  of  60**  southeasterly,  with  a  strike  of 
N.  86°  E.  (true).  The  examination,  though  short,  aflforded  me 
abundant  evidence  of  fossils,  and  some  determinable  species,  as 
follows: — Leptoena  sericea,  an  internal  cast  of  the  ventral  valve, 
slppwing  the  characteristic  form  of  the  callosities  for  visceral 
attachment,  and  the  striae  in  reverse;  two  specimens  of  Orthis 
iricenaria;  small  encrinal  columns  in  countless  numbers ;  a  spiral 
shell,  two  and  a  half  centimeters  in  diameter,  exhibited  only  in 
section,  imbedded  in  the  rock. 

Besides  these,  there  are  many  specimens  of  a  species  of  Recep- 
taculites.  Groups  of  cylindrical  or  club-shaped  columns,  half 
an  inch  or  so  long,  project  inward,  somewhat  radially,  from  a 
hollow  but  rather  firm  shell  of  irregular  form  which  varies  much 

♦N.T.Gteol.  Report,  1843. 

f  I  take  this  occasion  to  acknowledge  my  indebtedness  to  Professor  T.  J. 
Badnis,  of  Vassar  College,  for  information  of  this  locality,  and  assistance  in  point- 
mff  out  fossils,  and  to  Messrs.  Henry  and  Richard  Titos,  proprietors  of  the  Roch- 
dale woolen  mOls,  for  oourteoiis  oodperation  in  the  work. 
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in  size ;  they  consist  of  the  limestone  and  are  evidently  the 
fillings  of  the  tubes  of  Eeceptaculites.  They  are  so  imbedded 
in  the  rock  that  I  have  not  yet  been  able  to  detach  any  for 
special  study,  as  1  propose  soon  to  do. 

My  second  trip  to  this  locality,  a  week  later,  was  made  in 
company  with  Professor  Dana.  I  found,  at  this  time,  another 
distinct  specimen  of  Leptcena  sericea,  one  Escharopora  redoL,  one 
Plilodiciya  aciUa,  a  pyffidium  of  a  trilobite,  several  specimens  of 
Orihis  iricenaria^  an  Orthis  pectinella^  one  Endoceras  twenty  or 
twenty-five  centimeters  long,  one  small  Orthocerasj  two  of  Orthis 
iesiudinaria^  and  some  Chcetetes  of  minute  columnar  structura 

On  the  same  occasion  we  visited  a  quarry  on  Wappinger 
Creek,  about  half  a  mile  below  Pleasant  valley,  where  Mather 
reported  faint  traces  of  shells  to  have  been  found,  "  too  imper- 
fect for  identification."  We  found  abundant  evidence  ot  the 
fossiliferous  character  of  the  rock,  the  fossils  being  generally 
similar  to  those  at  Rochdale.  In  a  subsequent  examination  of 
my  specimens  here  collected,  I  obtained  one  well-defined  spe- 
cimen, and  several  small  fragments,  of  Strophomena  aitcmata, — 
showing  its  characteristic  arrangement  of  striae ;  also,  very  abun- 
dantly, the  Ch»tetes  found  at  Rochdale,  from  two  inches  to  one- 
qjuarter  or  less  in  diameter.  The  large  specimens  are  some- 
times semi-globular,  and  suggest  Chcetetes  lycoperdon,  but  for 
the  microscopic  tenuity  of  the  columns ;  but  other  specimens  are 
piriform,  and  I  am  not  certain  as  to  the  normal  shape.  The 
diameter  of  the  columns  is  less  than  l-200th  of  an  inch.  As  it 
appears  to  be  new,  I  propose  for  it  the  name  Ch,  tenuissimcu 

My  subsequent  trips  have  been  taken  alone.  On  the  ferm  of 
Mr.  ferittenberger,  two  miles  southeast  of  Pleasant  Valley,  east 
of  Wappinger  Creek,  T  found  a  second  and  parallel  outcrop  of 
limestone,  1800  feet  wide,  separated  by  slate  from  the  main 
body  of  the  Wappinger  Valley  belt.  The  rock  is  here  filled 
with  limestone  pebbles  of  various  sizes  and  lighter  in  color 
than  the  mass.  Many  of  these  may  have  been  organic,  and 
very  likely  corals,  but  crystallization  has  so  obliterated  t^e 
structure  that  if  detected  at  all,  it  must  be  by  microscopic 
examination.  There  was  one  specimen  which  is  probably  an 
encrinal  column  about  seven  Centimeters  long,  and  seven  milli- 
meters wide. 

I  have  made  examinations  at  Salt  Point,  on  Wappinger 
Creek,  at  the  junction  of  Salt  Point  Creek,  ten  and  a  hair  miles 
northeast  from  Poughkeepsie,  and  also  at  a  number  of  places 
between  Salt  Point  and  Pleasant  Valley.  At  Salt  Point  the 
limestone  has  a  width  of  2200  feet,  and  it  is  about  that  width,  or 
somewhat  wider,  toward  Pleasant  Valley.  It  is  mostly  on  the 
west  side  of  the  creek,  and  for  a  distance  of  four  miles  south  of 
Salt  Point,  it  varies  from  the  greater  part  of  the  outcrop  by 
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having  a  westerly  dip  of  70^  to  85*^,  the  strike  averaging  about 
N.  26  E.  (true).  Thus  far  I  have  succeeded  in  finding  here 
only  the  spiral  shell  met  with  at  Eochdale,  and  three  small  but 
very  distinct  Orthocerata.  This  spiral  shell  occurs  in  particular 
,layers  extending  through  this  entire  section  ;  some  specimens 
appear  to  be  scattered  through  the  rock,  but  in  these  layers 
they  exist  in  immense  numbers.  On  a  single  surface  oi  50 
square  centimeters,  which  I  broke  out  of  the  solid  rock,  there 
are  more  than  twenty  distinct  specimens.  This  is  beyond  the 
average,  but  the  specimens  are  often  so  numerous  as  to  crowd 
upon  each  other. 

The  best  localities  I  have  discovered  are  in  two  quarries  of 
F.  B.  Wallace,  on  Wappinger's  Creek,  respectively  one  and 
one-quarter  and  one  and  one-half  miles  below  Salt  Point;  and 
in  two  cuts  on  the  Poughkeepsie,  Hartford  and  Boston  Eailroad 
track,  two  miles  north  of  Pleasant  Valley.  Generally  only  the 
simple  spiral  line  is  preserved  in  section.  In  many  cases, 
however,  more  or  less  of  the  tube  of  the  whorls  remains,  quite 
hollow,  but  its  surface  too  granular  to  allow  the  preservation 
of  any  marking.  The  spire  in  many  cases  shows  a  depression 
of  about  two  millimeters  below  the  surface  of  the  outer  whorl. 
In  most  cases  no  septa  are  visible,but  among  some  fine  specimens, 
from  the  lower  Wallace  quarry,  several  show  distinct  internal, 
transverse  septa.  One,  which  is  unusually  good  and  sharply 
defined,  shows  as  many  as  fifteen  septa  in  its  four  whorls  in 
good  state  of  preservation.  I  have  not  yet  been  able  to  make 
out  clearly  a  siphuncle.  Most  of  the  specimens  exhibit  four 
whorls,  and  some  traces  of  a  fifth ;  the  rate  of  expansion  in  the 
width  increases  gradually,  the  spirals  being  closely  coiled.  A 
few  of  these  spiral  shells  are  loosely  coiled  ;  and  some,  whose 
whorls  present  an  angular  edge,  are  of  essentially  different 
character  from  the- others.  From  present  appearances  I  should 
judge  most  of  these  shells  to  be  those  of  Trocholites^  but  I  hope 
soon  to  secure  more  decisive  specimens. 

At  Manchester,  three  miles  east  of  Poughkeepsie,  no  organic 
remains  appeared,  except  a  beautiful  fucoid,  which  had  much 
resemblance  to  Buihotrephis  gracilis^  and  covered  a  large  slab  of 
rock. 

In  a  visit  to  an  outcrop  on  the  Hudson  Eiver,  one  and  one- 
half  to  two  miles  south  oi  Milton  Ferry,  I  discovered  no  fossils 
except  a  good  specimen  of  Leptcena  sericea^  in  the  rock  quarried 
from  the  limestone  near  where  it  borders  on  the  shale  that  lies 
on  its  north  side. 

The  results  in  fossils,  of  my  examinations,  the  specimens  of 
which  were  taken  in    every  instance  from  the   solid  rock  in 
place,  may  be  summed  up  as  follows: — 
AM.  JocB.  Sox.— Thibd  Sbriks,  Vol.  XVIL— No.  101,  Mat,  1879. 
27 
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From  Rochdalb. 
*Orthis  tricenaria;  several 

*  O,  pectinella  ;  one. 
^Leptoena  sericea  /  two. 
*JEkcharopora  recta  ;  one. 
*Ptilodictya  acuta  ;  one. 

Caudal  shield  of  small  trilobite,  probably  Asaphits  vetitstus;  one. 

Endoceras  (probably  ^o^i/^orme) ;  one. 

Orthoceras  not  well  defined ;  one. 

Spiral  univalves ;  several. 

(JhasteteSy  named  above  Ch,  tenuissima  ;  many. 

Encrinal  columns ;  exceedingly  numerous. 

JReceptactdites;  numerous. 

From  Pleasant  Valley. 

*  Orthis  tricenaria  ;  several. 

*  O,  pectinella  ;  one. 
*0.  testudinaria  ;  two. 
♦Xep^cBna  sericea  ;  one. 
"^Strophomena  alteniata;  one  or  more. 
ChoBtetes  tenuissima  ;  very  common. 
Encrinal  columns ;  abundant. 
Bellerophonf  ;  one. 
Undetermined  corals ;  several. 

BsTWRBN  Salt  Point  and  Pleasant  Valley. 

Trocholites  f;  exceedingly  numerous. 

Oncocercut  constrictumf ;  one  specimen,  two  centimeters  in 
length  and  same  in  width. 

OrthocercUa;  one,  three  centimeters  long,  with  twelve  septa; 
one,  about  a  centimeter  long,  with  five  septa. 

Manchester. 
Fucoids  (JSuthotr^his  gracilis  f) ;  one. 

Besides  other  conclusions  from  these  researches,  the  follow- 
ing may  be  safely  drawn: — 

1.  The  "Barnegat  limestone,"  contrary  to  views  hitherto 
presented,  is  a  highly  fossiliferous  formation,  though  on 
account  of  alteration,  fossiliferous  localities  are  rare  compared 
with  the  exposure  of  rock. 

2.  The  fossils  are  apparently  those  of  the  Trenton  limestone, 
and  therefore  immediately  underlie  the  adjoining  shales  which 
are  now  referred  to  the  Hudson  Kiver  group. 

8.  Tn  the  presence  of  the  Chaetetes  of  delicate  structure, 
and  of  the  layers  thickly  packed  with  spiral  shells,  the  lime- 
stone appears  to  differ  from  that  of  any  other  known  r^ion  of 
this  formation. 

YasBar  College,  PoughkeepBie,  N.  T.,  April  7,  1879. 

*  Cleariy  defined  as  to  Bpeciflo  character. 
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Art.  XLVIIL — Observations  on  the  Planet  discovered  March  ilsi; 
by  C.  H.  R  Peters.  (From  a  letter  to  the  editors  dated 
Litchfield  Observatory  of  Hamilton  College,  Clinton,  N.  Y., 
April  2d,  1879.) 

I  TAKE  pleasure  in  communicating  the  following  observa- 
tions on  a  planet  discovered  on  March  21st,  the  only  ones  the 
bad  weather  has  permitted  me  to  make. 

18*79.  H.  C.  mean  t  a  (194)  d  (194)  No.  of  oomp. 

March  21  14M5°»47*  12H2'»  3'91*  +  9^26^30'-2       20 

«       31         9  23  12  12    4  20-07  +11     1    3*9         12 

April      1  9  11  18  12    3  34-63  +11  10    1-6         10 

The  planet  is  bright  eleventh  magnitude.  On  the  same 
evening  I  found  still  another  planet,  10th  magnitude,  and 
observed  it ; 

March  21. 
llh  32°*  21»  m.  t.     a=ll^  68"»  46»-49 ;  6=  +9*  18'  2'-8  (16  comp.) 

As  my  computations  from  the  elements  (the  Berlin  ephem- 
erides  have  not  yet  arrived)  did  not  indicate  any  of  the  older 
planets  in  that  place,  I  had  reason  to  believe  this  one  too  a 
new  one,  and  accordingly  gave  public  notice  of  it  Professor 
Foerster,  however,  remarks  that  this  is  Leto  (68).  And  indeed, 
I  find  now,  that  in  the  elements  of  Leto  given  in  the  Berlin 
Jahrbuch  there  is  an  error  of  print  made  in  1877,  and  perpetu- 
ated through  the  later  volumes  until  1880.  The  epoch  prmted 
there,  1874,  should  read  instead  1864 


Art.  XLIX. — Note  on  the  Stratigraphy  of  the  Huronian  Series 
of  Northern  Wisconsin  ;  and  on  the  Equivalency  of  the  Huro- 
nian of  the  Marquette  and  Penokee  Districts;  by  R  D.  Irving. 

In  the  number  of  this  Journal  for  September,  1876,  Major  T. 
B.  Brooks  has  given,  in  a  scheme  of  equivalency  for  the  strata 
of  the  different  Huronian  districts  in  the  neighborhood  of  Lake 
Superior,  a  synopsis  of  the  Huronian  section  on  Bad  Eiver, 
Northern  Wisconsin,  which  is  quite  erroneous.  The  error  has 
arisen  chiefly  from  the  failure  to  recognize  the  existence  of  a 
very  important  break  in  the  strata — which  break  has  indeed 

fiven  the  river  an  opportunity  to  cut  its  way  through  the 
^enokee  range — and  also  from  the  difficulty  in  marking  the 
line  between  the  two  great  and  totally  distinct  series,  the 
Huronian,  and  Keweenawan  or  Copper-bearing  series.  Major 
Brooks's  section  is  professedly  a  rough  one  only. 
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I  have  myself  recently  completed  a  study  of  my  field  results 
over  the  Huronian  belt  of  this  part  of  Wisconsin,  as  also 
of  over  one  hundred  thin  sections  of  the  rock  specimens  gath- 
ered, and  have  made  a  section  which  I  think  may  be  regarded 
as  final.  A  synopsis  of  this  is  given  below,  as  it  will  appear  in 
vol.  iv  of  the  Wisconsin  reports.  I  should  say  here  that  in 
beginning  my  lithological  work  on  the  Huronian  of  this  region, 
I  was  aided  by  a  detailed  microscopic  description  of  nine 
selected  specimens  furnished  by  Mr.  A.  A.  Julien.  In  the 
year  that  has  elapsed  since  then  I  have  familiarized  myself 
with  this  (to  me)  new,  and  all-important  method  of  investiga- 
tion, and  have  examined  sections  from  nearly  every  ledge  of 
importance  within  the  Huronian  area. 

Synopsis  of  the  Stratigraphy  of  the  Huronian  of  the  Penokee 
liegion^  Wisconsin, 

Laurentian. 

Chloritic  hornblende-gneiss  and  pink  quartzose  granite. 

Huronian. 

(Non-conformable  with  the  Laurentian.) 

Fonnatloii.  Arenge  ttilcknegs. 

I.     Tremolitic  (Julien)  crystalline  limestone 90  ft. 

IL  (A)  Arenaceous  wnite  quartzUcy  often  brecciated  35  ft. 

(B)  Magnetitic  quartz-schist 5  ft.        40  ft. 

UL  ASi7iceoi/«  «fo<y  «c^i«^/  including  quartzite,  "argil- 
litic^'  mica  schist,  and  novaculite;  all  having  much 
quartz,  and  none  ever  showing  any  amorphous  material     410  ft. 

IV.  Magnetic  belt;  including  (a)  banded  magnetic 
quartzite — gray  to  red  quartzite,  free  from,  or  lean  in 
iron  oxides,  banded  with  seams,  from  a  fraction  of  an 
inch  to  several  inches  in  width,  of  pure  black  granular 
magnetite  only  rarely  mingled  with  the  specular  oxide ; 
(d)  magnetitic  quartzite — the  magnetite  in  very  varying 
proportions,  pretty  well  scattered  throughout,  and 
mingled  with  the  specular  oxide  in  proportions  varying 
from  nothing  to  a  predominating  quantity ;  (c)  magnet- 
itic quartz  slate,  the  magnetite  pervading  the  whole, 
and  mingled  with  the  specular  oxide,  as  before;  {d) 
slate  like  (c)  but  largely  charged  with  tremolite  or 
actinolite ;  (e)  arenaceous  to  compact  and  flaky  quartz- 
ite, free  or  nearly  so  from  iron  oxides ;  (f)  thm-lamin- 
ated,  soft  black  magnetitic  slate;  {g)  hematitic 
quartzite,  the  iron  oxide  the  red  variety ;  (A)  gamet- 
iferous  actinolite  schist,  or  eclogite ;  {i)  diorite,  which 
is  restricted  to  the  western  end  of  the  Huronian  belt. 
Kinds  (a)  to  (d)  all  carry  much  pyrolusite,  or  other 
manganese  oxide.  These  varieties  nave  no  persistent 
•stratigraphical  arrangement,  and  are  named  here  in 
order  of  relative  abundance.    Total  thickness  about     780  ft. 
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Fonnatlon.  ^  ATerage  thickneet. 

V.  Black  feldspathic  slate;  consisting  of  orthoclase 
grains  imbedded  in  a  paste  of  biotite,  pyrite,  limonite 
(Julien)  and  carbon 180  ft. 

VI.  Unknown,  always  drift-covered 880  ft. 

VIL    Dark  gray  to  black,  aphanitic  micorslate^  having  a 

wholly  crystalline  base  of  quartz  and  orthoclase,  with 
disseminated  biotite  scales 120  ft. 

VIII.  Unknown,  but  probably  in  large  part  the  same 

as  Vn 290  ft. 

IX.  Chloritic,  pyritiferous,  massive  dioriie  (Julien) 150  ft. 

X.  Black,  aphanitic  micorslate^  like  VII 26  ft. 

XL     Covered,  but  probably  black  mica-slate 280  ft. 

XIL     Black  mica-slate  ;  aphanitic ;  at  times  chiastolitic 

(Julien) 225  ft. 

XIII.  Chloritic  diorite^schist 36  ft. 

XIV.  Black  mica-slate^  like  XII,  often  chiastolitic 375  ft. 

XV  to  XVIII.     Alternations  of  black  mica-slates^  with 

guartzites  and  quartz-schists 675  ft. 

XIX.     Chreenstone-schist :    aphanitic ;    the    hornblende 

and  plagioclase  much  altered 260  ft. 

XX     Covered ;  but  probably  like  XXI 625  ft. 

XXI.     Mica  schist;  from  aphanitic  to  medium-grained ; 

including  bands  of  light-gray  quartz- schist,  the  mica 

becoming  subordinate;  au  varieties   having   a  back- 

f  round  of  quartz ;  the  mica  wholly  biotite ;  penetrated 
J  veins  and  masses  of  very  coarse,  pink  to  brick-red 
biotite  granite ;  total  seen  on  Bad  River 4,960  ft. 

Total  thickness  of  the  Huronian   in  the   Bad   River 

section 10,300  ft. 

Add  higher  layers  seen  farther  east;  same  as  XXII. .  2,500ft. 

Total   12,800  ft. 

Keweenawan. 
(Non •conformable  with  the  Huronian.) 

Very  coarse  to  fine-grained  gabbro,  including  granite  veins 
and  masses. 

The  Bad  River  section  does  not  show  the  entire  thickness  of 
the  Huronian,  for  the  reason  that  the  overlying  gabbros  of  the 
Keweenawan  Series  cut  diagonally  across  the  Huronian.  Seven 
miles  west  of  Bad  River  the  whole  thickness  of  strata  between 
the  Laurentian  gneiss,  and  Keweenawan  gabbro,  does  not  ex- 
ceed 2,500  feet,  while  at  the  same  distance  eastward  it  is  over 
12,000  feet 

Equivalency  of  the  Huronian  systems  of  the  Marquette  and  Pen^ 
okee  Districts. — There  can  be  little  doubt  that  the  Huronian 
basin  of  Marquette  was  once  directly  continuous  with  that  in 
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which  the  Penokee  rocks  were  deposited ;  there  are,  indeed,  no 
facts  yet  on  record  going  to  show  that  the  two  rock-systems 
are  not  at  the  present  time  directly  connected,  though  at  sur- 
face the  connection  is  obscured  by  the  overlying  horizontal 
Potsdam  sandstone.  Pumpelly  and  Brooks*  have  carried 
the  Penokee  belt  uninterruptedly  eastward  as  far  as  Lake  Goge- 
bic, where  a  deep  depression,  made  by  ancient  erosion,  occupied 
now  by  the  horizontal  sandstone,  terminates  the  range  abruptly. 
From  here  to  the  westernmost  known  portion  of  the  Marquette 
Huronian  is  a  distance  of  less  than  forty  miles. 

In  the  Marquette  region  Major  Brooks  has  made  out  with 
great  care  and  skill  a  succession  of  beds  which  he  numbers  from 
V  to  XIX.  That  essentially  the  same  succession  exists  in  the 
Penokee  region,  there  can  be  little  doubt  An  attempt  to  make 
out  a  scheme  of  equivalency  for  basins  always  disconnected, 
based  on  lithology  alone,  would,  beyond  doubt,  be  but  time 
wasted.  In  the  present  case,  however,  the  two  districts  are 
really  continuous,  and  many  of  the  layers  in  the  two  regions  so 
very  constant  in  their  characters,  that  there  can  be  no  valid 
.objection  to  the  attempt  It  is  undoubtedly  true  that  it  is  very 
easy  to  make  many  mistakes  in  such  a  scheme,  owing  to  the 
dying  out  of  certain  layers,  and  the  variations  along  the  line  of 
strike  of  some  member  of  the  series,  which,  if  not  originally 
present,  may  have  been  produced  by  the  partial  process  of  met- 
amorphism  to  which  the  whole  Huronian  system  has  been  sub- 
jected. No  scheme  of  equivalency  can  then  be  regarded  as  of 
any  value,  that  is  not  based  upon  those  few  grand  features  of 
the  stratigraphy,  which  are  shown  to  be  auite  constant  The 
prominent  facts  in  this  connection,  that  have  pressed  them- 
selves upon  me  while  studying  over  my  field-results  in  connec- 
tion witn  the  reports  and  typical  coUection  of  the  Michigan 
survey,  are  here  given.  Major  Brooks,  whose  wide  experience 
in  the  several  Huronian  regions  of  the  northwest,  and  whose 
skill  in  Huronian  stratigraphy,  are  well  known  is,  I  believe, 
preparing  a  complete  presentation  of  the  whole  suWect  of  the 
equivalency  of  the  strata  of  the  various  districts.  The  follow- 
ing are  offered  as  suggestions  toward  the  fuller  treatment  of 
the  subject 

In  Wisconsin  we  find  at  the  base  of  the  series  a  great  bed 
(III)  of  light-colored  quartzose  slates  and  schists,  over  400  feet  in 
thickness,  with  characters  so  pronounced  that  it  has  been  traced 
uninterruptedly  for  over  fifty  miles.  The  rocks  of  this  layer 
vary  from  schistose  vitreous  quartzites,  to  argillitic  mica-schists, 
while  suboixiinate  to  it  are  the  two  lower  members,  the  white 
arenaceous  quartzite  (II)  and  tremolitic  crystalline  limestone 
(III).    Now  in  the  Marquette  region  the  base  of  the  series  is  a 

*  G^logical  Survey  of  Michigan,  vol.  1,  p.  183  of  Report  on  Iron  Bocks,  and  p. 
1,  of  Report  on  Copper  Rooks. 
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great  bed  of  quartzite  (V),  including  argillitic  schists,  and  lime- 
stones, both  quite  indistinguishable  in  hand  specimens  from  the 
Wisconsin  rocka  From  the  descriptions  in  the  Michigan  re- 
ports this  layer  is  evidently  no  less  prominent  and  persistent 
than  No.  Ill  of  our  series.  It  appears  evident  that  the  two  are 
directly  equivalent 

Above  the  siliceous  slates  in  the  Penokee  system  we  find  a 
great  belt  (IV)  of  magnetitic  schists,  of  the  several  varieties 
above  indicated,  which  is  unquestionably  continuous  from  Lake 
Nemakagon  in  township  44,  range  6,  west;  eastward,  nearly  to 
Lake  Gogebic,  a  distance  of  over  eighty  miles.  In  Michigan 
a  succession  of  layers  of  strictly  similar  rocks — both  macro- 
scopically  and  microscopically — overlies  the  great  "Lower 
Quartzite."  In  Michigan  there  are  intercalated  diorite  banda 
In  Wisconsin  these  are  known  only  toward  the  western  portion 
of  the  belt,  where  they  are,  however,  very  prominent  The 
peculiar  gametiferous  rock  of  the  Penokee  section  has  its  exact 
equivalent  in  the  Michigan  magnetic  belts,  while  numerous 
otner  peculiar  details  are  the  same  in  the  two  regions.  I 
should  then  remrd  the  Penokee  magnetic  belt  as  equivalent 
to  Nos.  VI  to  XI  of  Major  Brooks'  Marquette  series. 

Immediately  above  the  magnetic  belt  (IV)  of  the  Penokee 
system,  or  separated  from  it  by  a  band  of  black  slate  (V), 
which  is  not  known  to  be  sufficiently  persistent  to  deserve 
consideration  in  the  present  connection,  is  always  a  covered 
space  without  exposure,  corresponding  to  nearly  900  feet  in 
tnickness  of  layers  (VI).  This  would  appear  to  be  the  equiva- 
lent of  the  belt  including  the  rich  ores  of  Michigan  (Xlll  and 
XIV),  a  point  of  some  practical  interest 

Above  this  blank  space  we  find  the  prevailing  rock  for  a 
thickness  of  over  2,000  feet  to  be  a  black  aphanitic  mica  slate, 
which  includes,  however,  bands  of  quartzite,  and  thinner  ones 
of  diorite,  besides  which  there  are  blank  spaces,  the  nature  of 
whose  underlying  rock  is  a  matter  of  conjecture  (VII  to 
XVIII).  The  black  slates  and  iuterstratified  quartzites  are 
known  at  points  along  a  belt  over  twenty  miles  in  length. 
The  equivalents  of  these  members,  in  the  Marquette  region, 
appear  to  lie  from  XIV  to  XVIII  of  Major  Brooks's  scheme, 
where  we  have  quartzite  and  true  clay  slate,  besides  brown  to 
black  carbonaceous  slates,  often  distinctly  micaceous. 

Forming  the  uppermost  members  of  the  Penokee  system, 
we  find  a  great  development  of  mica  (biotite)  schists,  equaling 
in  thickness  all  of  the  lower  members  of  the  series,  and  including 
dark  gray,  aphanitic  kinds,  quite  coarse,  ^eiss-like  kinds,  be- 
sides highly  quartzose  kinds.  It  is  certainly  a  striking  fact, 
that  in  the  Marquette  region  the  uppermost  member  (XIX),  a 
mica  schist,  is  the  thickest  of  the  wnole  series,  covering  often 
a  width,  according  to  the  Michigan  maps,  of  over  a  mila 
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The  granites  which  Major  Brooks  places  in  his  scheme  as 
the  youngest  of  the  Penokee  Huronian  (see  this  Journal  for 
September,  1876)  are  merely  intrusive  paiches  and  veins  of 
small  size  and  area,  cutting  both  the  upper  mica  schists  of  the 
Huronian,  and  the  lower  gabbros  of  the  Keweenawan  system. 
The  gabbros  are  placed  unhesitatingly  with  the  Keweenawan, 
for  the  following  principal  reasons :  (1)  their  general  mineral 
composition  allies  them  closely  with  the  typical  diabases  of  the 
Keweenaw  series  while  contrasting  them  with  the  hornblendic 
Huronian ;  (2)  when  followed  along  the  general  trend  of  the 
formation,  they  are  found  giving  place  to  typical  Keweenawan 
diabase  and  diabase  amygdaloid;  (3)  similar  gabbro  occurs 
interstratified  with  the  undoubted  Keweenawan  rocks;  (4)  the 
gabbro  belt  cuts  diagonally  across  the  Huronian,  which  it  nar- 
rows in  places  to  less  than  one-third  the  full  thickness,  thus 
proving  a  distinct  non-conformity.  These  gabbros  are  regarded 
as  of  igneous  origin,  having  been  one  of  the  first  of  the  great 
flows  of  the  Keweenaw  system,  and  laid  down  upon  the  slightly 
disturbed  Huronian  beds. 

UDiversitj  of  Wisconsin,  Dec.  3lBt,  18*78. 


Art.  L. — On  the  Composition  of  the  Cymaioliie  from  Ooshen^ 
Mass. ;  by  A.  A.  Julien. 

A  MINERAL,  pseudomorphous  after  spodumene,  occurs  in 
granite  veins  of  Hampshire  County,  Mass.,  which  appears  to 
be  that  first  found  by  Shepard.  and  by  him  called  cymatolite. 
The  variety  at  Goshen  was  analyzed  by  Burton,  and,  on  the 
ground  of  his  results,  has  been  assigned  to  pihlite.  A  specimen, 
identical  in  physical  characters  with  the  mineral  of  Shepard, 
has  yielded  me  the  following  composition  : 

Oxygen. 

Water 2-58  2-29 

Nitrogenous  organic  matter '43 

Potash 8-38  1*42 

Soda 2-57  '66 

Lithia 09  -06 

Lime -48  '14 

Magnesia '75  '30 

Manganous  oxide '18  '04 

Feme  oxide 1*66  -49 

Alumina   24*38  11*38 

Silica 6811  30*99 


99*61 
These  new  results,  corresponding  by  the  old  system  to  the 

formula  .      .  

(i(iH+iK  .  Na)'+f  Al)Si', 
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induced  me  to  propose  a  new  name,  Aglaite  (Engineering  and 
Mining  Journal,  April  7,  1877),  but  I  have  since  inclined  to 
the  belief  that  the  material  is  the  same  as  that  first  studied  by 
Shepard  and  Burton.  It  is  therefore  now  presented  as  an 
independent  species,  under  the  original  name,  cvmatolite,  but 
it  seems  worth  while  to  retain  the  name  aglaite  for  application 
to  the  peculiarly  brilliant  and  micaceous  variety  found  at 
Goshen.  In  the  coming  volume  of  the  Annals  of  the  New 
York  Academy  of  Sciences,  I  shall  give  a  full  discussion  of 
the  composition  of  this  mineral,  and  of  its  interesting  associa- 
tion with  spoduraene,  killinite,  oerstedite,  autunite,  etc. 


Art.  LL — The  relations  of  the  Volumes  of  Solutions  of  Hydraied 
Salts  to  their  Water  of  Composition  ;  by  EiCHMOND  J.  South- 
worth,  M.D. 

The  object  of  the  experiments,  the  result  of  which  is  stated 
in  the  accompanying  table,  was  to  test  this 

Theorem :  If  a  hydraied  salt  he  dissolved  in  a  given  volume  of 
loater,  the  volume  of  the  solution  will  exceed  the  original  volume  of 
the  water  by  a  bulk  equal  to  the  bulk  of  saline  water  contained  in 
the  salt  dissolved. 

The  expression  saline  water  is  used  here  to  signify  all  the 
molecules  of  water  contained  in  the  salts,  whether  they  exist  in 
combination  as  bases,  or  as  water  of  crystallization.  First,  the 
weight  in  grams  of  the  salt  used  that  contained  one  cubic  cen- 
timeter of  water  in  its  composition  was  determined  by  dividing 
the  atomic  weight  of  the  salt  by  the  atomic  weight  of  it^  saline 
water,  both  weights  being  expressed  in  grams,  the  quotient 
gave  the  weight,  having  one  cuoic  centimeter  of  saline  water. 
As  an  example :  Ferrous  sulphate  (FeS04,  7H2O)  has  an  atomic 
weight  of  278.  Its  7  molecules  of  saline  water  have  an  atomic 
weight  of  126.  m  grams=2'206  the  weight  of  this  salt  hav- 
ing one  cubic  centimeter  of  water  in  its  composition. 

Second :  The  quantity  of  salt  determined  by  this  method  to 
contain  one  cubic  centimeter  of  saline  water  was  weighed  to 
the  nearest  centigram,  and  then  dissolved  in  90  cc.  of  water  in 
a  graduated  tube  of  100  cc.  capacity  divided  in  one-half  cubic 
centimeters.  For  instance,  2*20  grams  of  FeSO^,  7H3  0,  were 
dissolved  in  90  ac  of  water  at  the  temperature  of  15*5*^  Centi- 
grade when  the  volume  of  the  solution  equalled  91  cc  :  2*20 
grams  more  of  the  salt  were  added  to  this  solution,  and  the  vol- 
ume rose  to  92  cc  This  process  was  continued  till  22*06 
grams  of  the  salt,  containing  10  (i.(^  H,0,  were  dissolved  in 
90  cc  of  water,  when  the  volume  of  the  solution  reached  100 
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c.a  In  each  of  the  steps,  and  in  the  final  result,  this  experi- 
ment agreed  with  the  theorem.  This  method  was  pursued 
where  the  first  experiment  with  a  salt  showed  a  close  agree- 
ment with  the  theorem.  In  those  cases  where  there  was  a  dis- 
agreement between  the  calculated  volume  and  the  observed 
volume  of  the  solution,  the  weight  of  salt  required  to  raise  the 
volume  of  the  solution  one  cubic  centimeter  was  determined  by 
direct  experiment  For  instance,  barium  chloride,  with  the 
formula  (BaCl,.2H,0)  by  calculation  contained  one  cubic  cen- 
timeter of  H,0  in  6'777  grams,  but  the  quantity  required  to 
raise  the  volume  of  the  solution  one  cubic  centimeter  was  3*89 
grams.  If  the  specimen  of  barium  chloride  used  contained 
4H,0,  the  experiment  would  give  a  result  agreeing  with  the 
terms  of  the  theorem. 


Salt  used. 
Na,CO,.10H,O 
Na.SO,.10H,O 
Na.S0,.H.S0,.3H,0 
Na,O2BO.10H,O 
NaJH[Pa.l2H.O 
BaCL.2HO 
SrCL.eHO 
MgSO,.m.O 
ZnS0,.7H,0 
NiS0,.7H,0 
FeS0,.7H,0 
CuSO,.6H.O 
AL(S6.)..18H0 
A1K(S0V.12H,0 
AlNHjSa),.12HO 
CrK(S0J,.12H,0 


B7  oalculatioiL 
1-588 
1-788 
4-083 
2-122 
1-591 
6-777 
2-468 
1-964 
2-277 
2-228 
2-206 
2-771 
2-058 
2-196 
2-099 
2-31 


By  experiment 
1-59 
1-63 
3-25 
212 
1-59 
3-89 
2-47 
1-95 
228 
2-23 
2-2 
2-77 
2-06 
2-2 
2-1 
2-31 


The  first  column  of  the  table  gives  the  formulsa  of  the  salts 
according  to  the  last  American  edition  of  Fownes's  Chemistry. 
The  second  column  gives  the  weight  in  grams  that  contains 
one  cubic  centimeter  of  saline  water,  according  to  the  formula. 
The  third  column  gives  the  weight  in  grams  found  by  experi- 
ment to  increase  the  volume  of  the  solution  one  cubic  centime- 
ter. An  examination  of  the  table  will  show  a  close  agreement 
between  the  results  of  calculation  and  experimentation,  with 
the  exception  of  barium  chloride,  which  has  been  referred  to, 
and  the  acid  sodium  sulphate.  The  disagreement  between  the 
calculation  and  observation  in  this  instance  may  possibly  be 
explained  by  the  salt  decomposing  in  the  act  of  dissolving, 
separating  into  sodium  sulphate,  which  is  dissolved,  and  hydro- 
gen sulphate  which  unites  with  the  water.  This  would  agree 
with  the  strong  acid  reaction  of  the  solution. 


Digitized  by 


Google 


IF.  J.  Comstock — Tetrahedrite  from  Huallanca^  Peru.     401 

So  far  as  the  salts  used  in  these  experiments  are  concerned, 
the  theorem  stands  the  test  of  experiment,  and  is  demonstrated 
to  be  trua  In  explanation  of  the  changes  that  occur  when  a 
hydrated  salt  is  dissolved  in  pure  water,  it  may  be  assumed 
that  the  salt  is  decomposed,  separating  into  an  anhydrous  por- 
tion and  saline  water,  the  former  going  into  solution  and  the 
latter  uniting  with  the  solvent  water,  increasing  its  volume. 

Tonkera,  N.  Y.,  Jan.  3l8t,  1879. 


Art.  LII. — Analysis  of  the  Telrahedrite  from  Huallanca,  Peru; 
by  W.  J.  CoMSTOCK.  Contributions  from  the  Laboratory  of 
the  Sheffield  Scientific  School,  No.  LV. 

In  this  Journal  for  April,  1878,  there  is  given  a  short  extract 
from  an  article  in  the  London  Mining  Journal  by  Mr.  Henry 
Sewell,  F.RG.S.,  describing  the  mineral  caves  of  Huallanca, 
Peru.  Mr.  Sewell  states  that  these  silver-producing  caves  are 
situated  upon  the  eastern  flank  of  the  Peruvian  Andes  at  an 
altitude  of  14,700  feet  above  the  sea,  and  4000  feet  above  the 
town  of  Huallanca.  The  mass  of  the  argentiferous  ores  consists 
of  the  mineral  tetrahedrite;  these  ores  contain  about  800  ounces 
of  silver  to  the  ton.  The  mineral  is  in  part  obtained  from  huge 
cavities,  some  of  them  twenty-five  or  thirty  feet  long,  and  as 
much  deep.  Mr.  Sewell  describes  the  crystals  as  occurring  in 
such  abundance  on  the  walls  of  these  caves,  that  "  millions"  of 
them  are  destroyed  by  the  picks  of  the  miners. 

Some  specimens  from  tnis  locality  were  presented  to  the 
Yale  College  Museum  by  Mr.  Sewell ;  the  crystals  are  large  and 
brilliant  and  in  one  case  have  a  length  of  about  two  inches. 
They  have  the  usual  characteristic  tetrahedral  form.  I  have 
analyzed  a  portion  of  one  of  the  crystals,  and  have  obtained 
the  loUowing  results:  Specific  gravity  =4*7. 


I. 

n. 

Mean. 

s 

26 '69 

26-79 

26-74 

Sb 

9-08 

9-04 

9-06 

As 

13-36 

13-62 

13-49 

Ag 

395 

3-77 

3-86 

Cu 

39-01 

39-16 

3909 

Fe 

6-46 

.... 

6-46 

Zn 

214 



214 

99-68  99*84 

I  give  below  the  amount  of  sulphur  required  to  combine  with 
each  of  the  metals  and  also  the  atomic  ratio. 
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Sulphur  calculation 

Sb 

3-56 

As 

8-57 

Aff 

•57 

Cu 

9-87 

Fe 

3-12 

Zn 

1-06 

Atomic  ratio. 
S  -8356     -8366 

Sb  -0743  ) 

As  -1785  f  2^2^ 

Agg        -0179^ 


Cuj        -3083 
Fe  -0975 

Zn  -0330 


•4667 


26-76 

From  the  above  is  obtained  the  ratio 

•2628  RjS3+-9134  RS,     or    RjSj  +  S^RS. 

The  method  employed  in  the  analyses  was  that  of  H.  Rose, 
except  in  the  determination  of  the  arsenic.  On  account  of  the 
difficulty  in  weighing  magnesium  ammonium  arseniate,  after 
separating  by  means  of  magnesia  mixture  and  alcohol  the  pre- 
cipitate was  dissolved  in  dilute  hydrochloric  acid,  reduced  by 
sulphurous  acid,  the  excess  of  the  latter  was  evaporated  off, 
and  the  arsenic  precipitated  and  weighed  as  sulphide.  A  slight 
amount  of  free  sulphur  was  dissolv^  out  by  carbon-disulphide. 


SCIENTIFIC    INTELLIGENCE. 

I 

I.  Chemistry  and  Physics. 

1.  On  the  Determination  of  Filing  Points. — Commonly  fusing 
points  are  determined  by  placing  a  fragment  of  the  substance  in 
a  thin  glass  tube  attached  to  the  bulb  of  the  thermometer,  and 
then  placing  both  in  water  gradually  heated  until  the  substance 
melts,  the  temperature  being  then  noted.  Tbbrbil  proposes  to 
modify  this  method  by  melting  the  substance  separately  and  then 
by  means  of  a  glass  rod  a  single  drop  is  deposited  on  the  ther- 
mometer bulb,  which  is  then  placed  above  a  gas  flame  at  such  h 
distance  that  the  heating  is  very  slow.  The  temperature  is  read 
at  the  instant  the  substance  melts,  and  the  whole  is  allowed  to 
cool  and  the  solidifying  point  noted;  this  operation  being  re- 
peated several  times.  In  this  method  the  phenomena  of  surfusion 
disappear,  the  fusing  and  solidifving  points  coinciding  sensibly. 
For  fusing  points  2S)ove  100°  the  thermometer  should  have  a 
larger  bulb,  so  that  it  changes  temperature  slowly. — BuU.  Soe. 
Ch.y  II,  xxxi,  156,  Feb.  1879.  g.  p.  b. 

2.  On  Chromium,  Manganese,  Iron,  Nickel  and  Cobalt  Amal- 
gams.— MoTssANT  has  shown  that  when  a  concentrated  solution  of 
chromous  chloride  in  water  is  agitated  with  a  pasty  sodium  amal- 
gam there  is  produced  a  chromium  amalgam.  After  removal  of 
the  excess  of  sodium  by  boiling  in  water  for  an  hour,  the  amal- 
gam is  obtained  as  a  liquid,  less  fluid  than  mercury,  covering  it- 
self on  standing  in  the  air  with  a  black  layer  of  oxide,  decompos- 
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ing  slowly  in  dry  air,  more  rapidly  in  presence  of  water.  Heated 
to  above  the  boiling  point  of  mercury  m  a  current  of  hydrogen,  it 
leaves  a  residue  of  metallic  chromium,  as  a  black  amorphous  mass, 
which  heated  on  platinum  foil  becomes  incandescent  and  leaves  a 
residue  of  green  chromic  oxide.  The  chromium  made  by  this  pro- 
cess is  not  acted  on  by  boiling  concentrated  sulphuric  acid,  but 
dissolves  in  dilute  sulphuric  acid  and  in  strong  nitric  containing 
nitrous  acid.  Hydrochloric  acid  when  hot  attacks  it  slowly,  evolv- 
ing hydrogen.  The  amalgams  of  manganese,  of  cobalt,  and  of 
nickel  which  were  obtained  in  this  way  have  a  pasty  consistence 
and  contain  more  of  the  metal  than  the  chromium  amalgam.  Man- 
ganese amalgam  was  also  obtained  by  electrolysis  by  decomposing 
a  solution  of  manganous  chloride,  using  a  negative  electrode  of 
mercury.  When  distilled  at  440**  pulverulent  manganese  was  ob- 
tained, which  became  incandescent  when  treated  with  a  few  drops 
of  fuming  nitric  acid,  and  which  decomposed  water  slowly  at  or- 
dinary temperatures,  rapidly  at  100°.  Since  the  production  of 
this  amalgam  polarizes  the  electrodes,  it  is  probable  that  the  rich- 
ness of  the  amalgam  is  definite  for  a  given  battery. — BnU.  Soc. 
Ch.^  n,  xxxi,  149.  G.  F.  B. 

3.  On  Chromates  and  Bichromates, — Schulbrnd  at  Kolbe's 
suggestion,  has  examined  the  conditions  under  which  dichromates 
of  the  metals  are  formed.  He  examined  the  salts  formed  with 
barium,  lead,  mercury,  silver,  thallium  and  lithium,  usin^  precipi- 
tation for  their  preparation  in  all  but  the  latter  case.  With  bari- 
um, lead,  and  mercury,  only  the. normal  chromate  R'CrO^,  could 
be  obtained,  either  by  precipitating  with  potassium  dichromate  or 
by  evaporating  with  excess  of  chromic  acid.  With  silver,  thal- 
lium and  lithium  on  the  other  hand,  dichromates  were  readily 
obtained.  Silver  nitrate  is  precipitated  by  potassium  dichromate, 
yielding  a  dark  red  crystalline  powder  of  silver  dichromate, 
Ag^Cr,0,.  Thallous  carbonate  gives  thallous  chromate  when  pre- 
cipitated by  potassium  chromate  and  thallous  dichromate  wnen 
thrown  down  by  the  dichromate  in  acid  solutions.  The  chromate 
and  dichromate  of  lithium  are  well  crystallized  salts,  the  former 
having  a  pure  yellow,  the  latter  a  dark  orange,  almost  black  color. 
Each  has  two  molecules  of  crystal  water,  both  are  deliquescent, 
and  lose  their  crystal  water  at  130°. — J,  pr.  Ch.^  H,  xix,  36,  Jan. 
1879.  G.  F.  B. 

4.  On  the  Purification  of  Mercury, — BbI^ul  has  proposed  to 
use  chromic  acid  for  the  purpose  of  purifying  mercury,  and  has 
freed  twenty-five  kilograms  of  mercury  from  Wood's  fusible  metal 
with  which  it  was  contaminated,  in  two  hours  by  its  means.  Five 
grams  of  potassium  dichromate  are  dissolved  in  a  liter  of  water,  a 
few  cubic  centimeters  of  sulphuric  acid  are  added,  and  the  mercury 
is  shaken  with  its  own  volume  of  the  solution.  The  metal  divides 
into  small  globules,  a  little  red  chromate  being  formed.  The  agi- 
tation is  continued  until  this  red  powder  has  disappeared  and  the 
solution  has  become  green.  Byi  a  strong  current  of  water,  a  gray 
powder  of  metallic,  oxides  is  washed  away,  and  the  process  is  re- 
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peated  if  necessary.  The  accamalated  mercury  of  five  years  of 
the  author's  laboratory,  some  of  which  had  been  used  to  amalga- 
mate zincs  and  was  semi-solid,  was  completely  purified  in  an  after- 
noon in  this  way.  The  loss  is  small,  two  kilograms  of  mercury, 
after  three  treatments  with  100  c.c.  of  the  acid  solution,  washing, 
heating  to  150®  and  weighing,  lost  only  10  grams. — JBer.  BerL 
Chem,  Ges.,  xii,  204,  Feb.  1879.  G.  p.  b. 

6.  On  Eikosylene^  a  hydrocarbon  from  tJie  Parqffin  of  Brovm 
coal, — LiPPMANN  and  Hawliczek  have  examined  the  chlor-deriva- 
tives  of  paraffin  from  various  sources,  in  order  to  determine  the 
molecular  weight  of  these  bodies.  In  the  first  place,  the  paraffin 
of  commerce  was  found  uniformly  to  contain  oxygen,  from  which 
it  must  be  freed  by  repeated  treatment  with  sodium  in  a  sealed 
tube  heated  to  260°.  Thus  purified  the  brown-coal  paraffin  had, 
after  recrystallization  from  alcohol,  a  melting  point  of  37f  C.  To 
produce  the  chloride  it  was  at  first  treated  with  twice  its  weight 
of  phosphoric  chloride  diluted  with  carbon  tetrachloride,  and 
heated  in  a  sealed  tube  to  216°.  But  subsequently  it  was  melted 
in  a  balloon  at  170°,  and  the  phosphoric  chloride  added  as  required 
through  a  wide  tube,  in  the  necessary  quantity.  The  residue  of 
the  operation  was  liquid.  After  washing  with  water,  it  was  sepa- 
rated from  the  unacted-on  paraffin  by  cooling  to  — 16°  C.  and 
fractionated  in  vacuo.  An  oily  liquid  was  obtained  in  this  way 
which  boiled  at  225°  to  230°  and  afforded  on  analysis  the  formula 
C^H„C1,  having  evidently  been  produced  from  the  body  C„H^^C1 
by  loss  of  HCL  Distillation  at  the  ordinary  pressure  decomposed 
it  further,  C„H„C1=C^H  +HC1.  The  hydrocarbon  thus  ob- 
tained boiled  at  314° — 316  ,  and  the  authors  propose  for  it  the 
name  eikosylene.  Its  specific  cravity  is  0*8181,  but  its  vapor  den- 
sity could  not  be  determined,  since  it  totally  decomposed  at  440°. 
It  acts  like  an  define,  combining  actively  with  halogens,  forming 
a  chloride  C,,H,,C1,  and  a  corresponding  bromide.  It  belongs  to 
the  acetylene  series,  being  homologous  with  cetylene  Cj.H,,  its 
highest  member.  The  evidence  that  the  hydrocarbon  C^H^„ 
mixed  perhaps  with  others  of  higher  boiling  point,  constitutes  the 
paraffin  of  brown  coal,  seems  well  established. — ier,  BerL  Chem, 
Oes.^  xii,  69,  Jan.  1879.  g.  p.  b. 

6.  On  the  Transformation  of  Starch  into  Dextrose  in  the  Cold. 
— It  is  known  that  starch  is  slowly  transformed  into  dextrose  when 
boiled  for  a  long  time  with  water.  Riban  has  made  some  obser- 
vations which  seem  to  show  that  the  same  result  may  take  place 
in  the  cold,  though  much  more  gradually.  A  solution  made  by 
boiling  one  part  of  finely  divided  starch  in  100  of  water  saturated 
with  salt,  and  filtering,  is  imputrescible  and  may  be  preserved  for 
a  Iqng  time.  After  a  year  the  author*s  solution  appeared  less  sen- 
sitive to  iodine,  and  after  three  or  four  years,  it  was  not  colored 
by  this  reagent.  It  was  neutral,  limpid,  contained  no  trace  of  any 
organized  ferment,  reduced  energetically  the  copper  test  and  was 
browned  by  alkalies.  Determined  by  the  copper  test,  every  100 
cc.  contained  0*1 1 1  gram  dextrose ;  but  using  ferricyanide  of  potas- 
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sium  which  is  not  affected  by  dextrin,  100  c.c.  contained  0*102  gram. 
Hence  a  mixture  of  nine-tenths  dextrose  and  one-tenth  dextrin  was 
formed  from  the  starch.  The  solution,  in  a  tube  200  mm.  long  ro- 
tated to  the  right ;  ai>=-f-0'16°.  The  author  calls  attention  to  the 
importance  of  this  transformation  of  starch  in  the  cold,  without  a 
ferment,  in  the  physiology  of  vegetable  growth. — BtUl.  Soc.  CA., 
n,  xxxi,  10,  Jan.  1879.  g.  f.  b. 

7.  On  the  Structtereiformulas  of  Aromatic  Compounds. — The 
present  method  of  representing  aromatic  isomers  is  either  graphic, 
by  the  use  of  the  letters  /?,  wi,  or  o,  standing  for  para,  meta  or 
ortho,  or  by  using  figures  to  represent  the  positions.  Thus  the 
structure  of  the  compound  C.H,ClBrI  may  be  represented  by 

ci 

\/ 

I 
or  by  C.HjClBrl  Wroblevskt  proposes  a  simpler  mode  of  ex- 
pressing the  position  of  the  replacing  atoms,  writing  the  formula 
differently  according  as  the  two  replacing  atoms  are  symmetrically 
or  unsymmetrically  arranged  or  occupy  neighboring  positions. 
Thus,  for  example,  the  chlorine  derivatives  of  benzene  may  be  writ- 
ten in  this  way  so  as  to  express  all  the  facts  in  a  much  less  space : 

EmpiricaL  Symmetrical.  Unsymmetrical.        Neighboring. 

C  H^Cl,         CJI,ClHni  C.H.CIHCI         C.H.CLH 

C.H,C1,         C.HCIHCIHCI        C^HXJIHCI,        C.H,C1  H 


C.H,CL         C.HCLHCL 


CJH,C1HCL        C.H,CLH 
C^CIHCI,         C.HC1,H 


So  if  the  positions  1,  2,  8,  4  in  the  benzene  ring  be  filled  by  chlo- 
rine, bromine,  iodine  and  hydrogen,  the  formulas  will  be 
C^,ClBrHI,  C,H,BrClHI,  C.H.fclHBr,  C.H.BrlHCl,  C.H.ClBrlH, 
C  ja,BrClIH,  etc.  In  the  first  of  these  formulas  the  CI  is  symmet- 
rical with  the  I,  is  in  the  neighboring  position  with  the  Br,  while 
the  Br  and  I  are  unsvmmetrically  situated.  So  the  naphthalene 
derivative  which  has  I  in  the  position  4  and  CI  in  6,  may  be  writ- 
ten C,HC1H,(CJH,)  or  C.H,C1H(C,H,I).— J9er.  Berl.  Chem.  Oes., 
xii,  161,  Feb.,  1879.  G.  p.  b. 

8.   On  the  Phthalein  of  Orthocresol. — Fbaitde  has  extended  the 
production  of  Baeyer's  phthaleins  by  producing  the  phthalein  of 

fcO-.-C.H.jgJ 
orthocresol  C^^  -(  |  q  jj«.     For  this  purpose  two  parts 

l^co-  -c^l^jj^ 

cresol,  three  of  phthalio  oxide  and  two  parts  of  stannic  chloride 
were  heated  together  to  120**  for  8  to  10  hours.  The  cresol  un- 
acted on  was  removed  by  a  current  of  superheated  steam,  the 
mass  was  dissolved  in  solution  of  soda,  and  precipitated  by  hydro- 
chloric acid,  this  process  being  repeated  once  or  twice.  Solution 
in  alcohol,  decolorization  with  bone  black,  and  dilution  with 
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water,  gave  the  phthalein  in  flesh-red  crusts.  The  diacetyl,  diben- 
zoyl,  dinitro,  and  dibrom  derivatives  are  described,  as  also  mono- 
orthobromcresol-phthalein  and  its  barium  compound.  By  heating 
cresol  and  phthalic  oxide  with  sulphuric  acid,  methyloxyanthrar 
quinone  is  produced;  and  this  heated  to  200° C.  with  excess  of 
potash  yields  methylalizarin.  The  phthalins,  phthalidins  and 
phthalideins  corresponding  to  the  phthaleins  of  orthocresol  are 
described  in  the  same  memoir. — Jfer.  JBerl,  Chem,  (?€«.,  xii,  237, 
Feb.  1879.  g.  p.  b. 

9.  Baryta  and  Strontia. — The  fact  that  the  compounds  of 
baryta  and  strontia  occur  in  nature  in  very  diflerent  associations  has 
long  been  recognized  by  mineralogists,  and  in  the  December  No.  of 
the  Ann.  de  Chim.  et  de  Phys.,  M.  Dieulafait  has  published  an  in- 
teresting paper  which  offers  a  plausible  explanation  of  this  differ- 
ence of  occurrence.  In  the  first  place  the  author  established  the  fact 
that  both  baryta  and  strontia  are  present  in  sensible  quantities 
in  the  feldspars  and  micas  of  the  older  crystalline  rocks.  He  exam- 
ined feldspara  from  fifty-four  different  localities,  and  also  micas 
in  numerous  associations,  besides  eighty  specimens  of  granites  in 
mass,  sixty  of  gneiss  and  many  of  syenite,  and  in  all  of  these  he  dis- 
covered not  only  lime  but  also  strontia  and  baryta.  From  various 
circumstances,  but  especially  from  the  association  of  barite  with 
metallic  sulphides  in  mineral  veins  it  is  inferred  that  the  alkaline 
earths  are  dissolved  from  the  rocks  as  sulphides,  and  the  author 
promises  us  in  a  future  paper  a  discussion  of  the  nature  of  the 
sulphuretted  solvent.  It  is  next  argued,  from  the  known  reaction 
of  the  carbonic  dioxide  and  oxygen  of  the  atmosphere  on  a  solu- 
tion of  strontic  and  baric  sulphides,  that  such  a  solution  while 
flowing  off  in  contact  with  the  air  would  deposit,  in  the  first 
place,  the  carbonates  of  these  bases  nearest  to  the  source,  and,  sub- 
sequently at  a  greater  distance  the  sulphates,  thus  determining  a 
separation  between  the  two  groups  of  minerals.  Again  the  sul- 
phate of  strontia,  being  more  soluble  than  the  sulphate  of  baryta — 
and,  according  to  the  author,  existing  relatively  in  much  larger 
quantities  in  the  crystalline  rocks — would  be  to  a  much  greater 
extent  washed  down  by  the  running  streams ;  collecting  m  salt 
basins,  and  in  the  layers  of  gypsum,  which  are  deposited  in  these 
basins ;  while  on  the  other  hand  the  more  insoluble  sulphate  of 
baryta  would  be  lett  behind.  Lastly  the  strontium  reduced  from 
the  condition  of  sulphate  to  sulphide  by  the  organic  matter  in  the 
gypsum  beds — and  thus  becoming  very  soluble — again  undergoes 
the  same  reactions  in  contact  with  the  air  to  which  we  have  just 
referred,  giving  rise  first  to  an  insoluble  carbonate  and  a  solution 
of  a  polysulphide  and  then  to  a  sulphate  and  free  sulphur.  Thus 
are  explained  the  facts  that  celestine  is  found  almost  always  in  beds 
of  gypsum  and  associated  with  crystals  of  sulphur.  It  is  argued  in 
conclusion  that  if  the  circumstances  of  the  occurrence  of  celestine 
and  barite  at  the  present  day  differ  so  widely  that  this  arises  solely 
from  the  fact  that  the  strontium  compounds  found  in  salt-beds  are 
in  the  second  stage  of  their  development,  while  the  corresponding 
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oompounds  of  baryta  left  in  the  veins  of  crystalline  rocks  are  in 
the  first  stage ;  and  that  in  spite  of  all  present  differences  of  occur- 
rence and  association,  the  baryta  and  strontia  minerals  may  be 
traced  to  the  same  origin  in  the  old  crystalline  rocks  of  the  earth's 
crust.  J.  p.  c. 

11.  The  illumination  of  gases  by  Electric  discharges. — Profes- 
sor E.  Wiedemann  continues  his  work  upon  the  nature  of  spectra, 
and  shows  that  a  gas  having  a  temperature  far  below  100°  C.  can 
be  illuminated  by  electrical  discharges.  By  means  of  a  small 
calorimeter,  in  connection  with  a  peculiarly  arranged  exhaustion 
tube,  Professor  Wiedemann  was  enabled  to  arrive  at  the  amount 
of  heat  communicated  to  the  gas  under  examination  at  different 
pressures.  The  temperature  of  the  gas  in  the  beginning  was  in 
the  neighborhood  of  20**  C.  and  reached  a  maximum  of  from  80°- 
90°  by  means  of  the  discharges  from  a  Ruhmkorf  coil,  even  at 
this  temperature  the  gas  was  brilliantly  illuminated;  and  the 
temperatures  of  62°-70°  was  not  found  to  be  the  lowest  at  which 
the  gas  was  illuminated. 

The  illumination  of  the  gas  at  such  low  temperatures  is  produced. 
Professor  Wiedemann  thinks,  by  an  exaltation  of  the  living  force  of 
the  oscillatorv  movements  of  the  ether  envelopes.  The  electrical 
discharge  calls  forth  this  actiovi  independently  of  the  increase  of 
molecular  movement  which  results  from  the  increase  of  tempera- 
ture.— Annalen  der  Physik  und  Chemie^  No.  2, 1879,  p.  298.   j.  t. 

12.  A  new  current  interrupter. — Dr.  F.  Niemollbb  describes  an 
extremely  simple  and  efficacious  form  of  interrupter.  To  the  mid- 
dle of  a  wire  stretched  horizontally  is  attached  a  platinum  point 
which  touches  the  surface  of  mercury  in  a  little  containing  vessel. 
The  current  is  led  over  this  wire,  and  a  magnet  over  the  half  of 
the  wire  through  which  the  current  is  conducted  serves  to  main- 
tain the  vibrations  of  the  wire.  The  number  of  vibrations  can  be 
readily  modified  by  changing  the  length  of  the  wire,  and  as  high 
a  number  as  1000  breaks  in  a  second  can  be  obtained.  By  pass- 
ing an  intermittent  current  over  the  wire  it  can  be  set  in  vibration 
without  the  intervention  of  mechanical  means.  This  happens 
when  the  fundamental  note  of  the  string  is  in  unison  with  the 
pitch  of  the  interrupter. — Annalen  der  Physik  und  Ghemie^  No.  2, 
1879,  p.  302.  J.  T. 

13.  The  dimensions  of  Molecules, — R.  Ruhlmann,  by  means  of 
the  formula 

^/2    ?rp*' 

in  which  A  represents  the  mean  path  of  the  molecules,  d  the  mean 
distance  between  the  molecules  and  p  the  radius  of  their  sphere  of 
action,  calculates  the  sum  of  the  molecular  sections.  Since 
N(J'=1,  if  N  represents  the  number  of  molecules  in  the  unit  of 
volume,  we  have 

NpV  _       1 

4      ""    4v^ 

Am.  Joob.  Sol— Tsird  Sbbibs,  Vol.  XVn,  No.  101.— Mat,  1879. 
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According  to  Avogadro's  law  equal  volumes  of  different  gases 
under  the  same  pressure  and  temperature  contain  the  same  num- 
ber of  molecules,  the  ratio  of  the  sum  of  the  sections  is  the  ratio  of 
the  section  of  the  molecules  themselves.  Bearing  this  in  mind,  one 
is  justified,  since  the  mean  accuracy  of  the  numbers  found  can  be 
depended  upon  within  eight  per  cent,  in  regarding,  in  the  follow- 
ing tables,  the  numbers  found  for  the  two-atom  molecules,  with 
the  exception  of  chlorine,  hydrogen  and  hydrochlorine,  as  equal 
among  themselves,  and  the  section  of  the  hydrogen  molecules  as 
one-half  and  that  of  chlorine  as  twice  as  great.  The  three-atom 
molecules  of  CO,,  of  N,0,  of  H,0  and  of  H,S  have  the  same 
molecular  sections  and  stand  in  relation  to  the  large  number  of 
two-atom  gases  as  3  :  2  or  as  the  number  of  atoms.  To  this  law 
SO,  is  an  exception,  since  its  molecular  section  is  the  same  as  that 
of  chlorine.  H^N  and  IICl  take  a  decided  position.  Possibly 
CH^  can  be  included  with  them,  since  the  mean  of  these  three 
numbers  is  related  to  the  molecular  section  of  the  two-atom 
molecule  nearly  as  4 : 3.  One  is  also  tempted  to  regard  the  molec- 
ular sections  of  C,H^,  of  SO,,  of  chlorine,  and  CH,C1  as  equal  and 
as  double  that  of  the  two-atom  molecule. 

The  following  table  includes  the  sum  of  the  molecular  sections 
of  each  gas  in  a  cubic  centimeter,  expressed  in  square  centimeters. 

H. 

ro, 

00 
NO 

Too, 

N,0 

H,0 

,HS 

Qk 

H,N 

HCl 

&■?• 

CH,C] 

Professor  RUhlmann  also  gives  the  following  values  of  p. 
For  nitrogen  molecule  =:  34'10~®  cm. 

For  carbonic  dioxide  molecule  =  16*10''®  cm. 
For  hydrogen  molecule  z=  41'10~*  cm. 

At  0**  and  760  mm.  pressure  a  cubic  centimeter  holds  nearly 
100  trillions  of  gas  molecules.  Under  these  condiMons  the  mole- 
cules themselves  fill  nearly  the  three-thousandth  part  of  the  space 
occupied  by  the  gas.  The  absolute  weight  of  a  hydrogen  mole- 
cule 18  represented  by  \b*\(r^^g  and  the  specific  weight  as  360. — 
BeibUUter  AnncUen  der  Physik  und  Chemie,  1879,  No.  2,  p.  57. 

J.  T. 
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14.  American  Chemical  Journal;  edited,  with  the  aid  of  Chem- 
ists at  home  and  abroad,  by  Iba  Remben,  Professor  of  Chemistry 
in  the  Johns  Hopkins  University.  Vol.  i,  No.  1,  76  pp.  8vo. 
Baltimore,  April,  1879. — The  establishment  of  this  American 
Chemical  Journal  is  an  event  of  great  importance  to  the  science 
of  the  country.  The  Journal  could  not  be  in  better  hands; 
for  the  editor.  Professor  Remsen,  is  both  a  man  of  thorough 
learning  in  his  department,  and  an  able  and  hard-working  investi- 
gator. The  number  just  issued  compares  well  in  its  memoirs  with 
the  best  of  other  lands.  The  subjects  of  some  of  these  are :  the 
Complex  inorganic  acids,  by  Wolcott  Gibbs;  Nitrogen  iodide,  by 
J.  W.  Mallet ;  on  Lockyer's  hypothesis  that  the  so-called  Elements 
are  compound  bodies,  by  C5.  S.  Hastings;  a  New  Volumetric 
method  of  determining  Fluorine,  by  S.  L.  Penfield  ;  on  the  Oxida- 
tion of  substitution-products  of  aromatic  Hydrocarbons,  by  Ira 
Remsen  and  M.  W.  lies.  The  Journal  is  to  be  issued  every  other 
month ;  the  subscription  price  is  three  dollars  a  year. 

II.  Geology  and  Natural  History. 

1 .  Fossil  Forests  of  the  Volcanic  Tertiary  Foi*mations  of  the 
Yellowstone  National  Park;  by  W.   H.  Holmes.     (Bull.  U.  S. 

Geol.  and  Geogr.  Survey,  Vol.  v,  No.  1.) — The  volcanic  Tertiary 
deposits  (tufas,  etc.)  of  the  Yellowstone  region  have  a  thickness  of 
more  than  5,000  feet.  They  contain  silicified  trunks  of  trees  in 
many  places.  Mr.  Holmes  describes  particularlv  a  section  on  the 
north  face  of  Amethyst  Mountain,  in  which  upnght  trunks  occur 
at  many  levels,  along  with  others  prostrate,  from  near  the  foot 
to  the  highest  stratum.  On  the  steeper  part  "  rows  of  upright 
trunks  stand  out  like  the  columns  of  a  ruined  temple,"  and  on  the 
slopes  lower  down,  the  petrified  trunks  fairly  cover  the  surface. 
Some  of  the  prostrate  trunks  are  fifty  to  sixty  feet  long  and  many 
are  five  to  six  feet  in  diameter.  The  upright  trunks  are  occasion- 
ally thirty  feet  high ;  and  one  twelve  feet  high  was  ten  in 
diameter,  and  its  bark  was  four  inches  in  thickness.  There  are 
also  leaves  and  stems,  and  Lesquereux  has  identified  among  them 
Aralia  Whitney i^  Magnolia  lanceolata,  Lauras  Canariensis^ 
and  new  species  of  Tilia^  Fraxinus^  Diospyros,  Comus^  Pteris 
and  Alnus, 

2.  Fruit-hearing  branch  of  Cordaites  from  Ca^inelton^  Penn- 
sylvania.— In  the  Proceedings  of  the  American  Philosophical 
Society  for  April,  Professor  Lesquereux  has  described  a  specimen 
of  Cordaites  bearing  fruit,  collected  by  Mr.  I.  F.  Mansfield  at 
Cannelton.  It  is  a  bent  or  pendent  branch  twelve  centimeters 
l<»ng  and  nearly  one  and  a  half  broad,  having  the  fruit  arranged 
spirally  in  a  loose  strobile-like  way.  The  winged  nut  or  fruit  is 
oval,  3  centimeters  long,  2*3  broad,  and  broadly  obtuse  and  entire 
at  top.  It  indicates,  according  to  Mr.  Lesquereux,  that  the  Cor- 
daites are  allied  to  the  Cycads,  or  rather  are  an  antecedent  type 
intermediate  between  Cycads  and  Conifers. 
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8.  Annital  Report  of  the  Wisconsin  Geological  Svrvey^  for  the 
year  1878;  by  T.  C.  Chamberlin,  Chief  Geologist.  62  pp.  8vo. 
Madison,  Wis.,  1 879. — This  Report  contains  observations  on  the 
reoent  glacial  drift  of  the  Alps,  and  on  the  bearing  of  the  facts  on 
Wisconsin  surface  geology,  by  Professor  Chamberlin. 

4.  The  Woodland  Caribou  or  Reindeer  (Rangifer  Caribou) 
from  the  Loess  of  Iowa, — Dr.  Leidy  announces  the  discovery  by 
Professor  Witter,  in  the  loess  of  Muscatine,  Iowa,  of  fragments  of 
the  upper  and  lower  jaws  and  some  other  bones  of  this  species. 
From  the  same  locality  Professor  Witter  collected  the  shells 
Helix  strtcUellay  H,  fulvay  H,  ptdcheUay  H,  lineaXa^  Pupa  mus- 
corwn^  P.  Blandiy  P,  simplex^  Succinea  obliqitay  JS.  avarOy  Lim- 
nea  pumilisf  and  Helicina  occulta. — Proc.  Acad.  Nat.  Sd. 
Philady  1879,  p.  32. 

6.  Amber  and  AsphaUum  from  Vincenttovmy  New  Jersey. — Mr. 
E.  Goldsmith  reports  these  minerals  from  the  Ash  Marl  of  the 
Cretaceous,  a  layer  above  the  Green-sand.  The  mass  of  asphaltum 
weighed  100  pounds.  The  amber  is  stated  to  be  related  to  the 
variety  of  succinite  called  Krantzite  by  C.  Bergemann.  Unlike 
ordinary  amber  its  specific  gravity  is  less  than  1,  and  it  fuses  to 
a  mobile  liquid.  This  amber  is  of  occasional  occurrence  in  the 
New  Jersey  Cretaceous ;  "  sometimes  hundreds  of  tons  may  be 
looked  over  without  finding  a  single  piece ;  and  at  other  times 
enough  has  been  found  to  fin  a  barrel  within  a  day." — Ibid. 

6.  Gttides  for  Science^  Teaching.  —  This  is  the  title  of  a  few 
primers,  published  by  the  Boston  Natural  History  Society,  and 
meant  to  supplement  and  enforce  lectures  given  by  members 
of  that  Society  to  Teachers  of  the  Public  Schools  of  Boston. 
These  teachers  are  all  required  to  give  to  their  pupils  a  certain 
number  of  object  lectures.  But  who  shall  teach  the  teachers,  and 
wherewithal  shall  they  be  taught  ?  Well,  a  few  public-spirited 
ladies  supplied  the  material  means  for  a  free  course  of  instruction 
to  five  or  six  hundred  teachers,  and  two  or  three  individuals  con- 
tributed their  knowledge  and  experience,  and  carried  into  execu- 
tion an  admirable  plan.  The  substance  of  the  lessons  of  this 
course,  given  by  Mr.  Hyatt  and  Professor  Goodale,  is  exhibited 
and  preserved  in  these  primers.  The  plan  was  to  speak  of  noth- 
ing which  was  not  shown,  and  not  only  shown  but  placed  in  the 
hands  of  the  auditors.  And  this  not  by  specimens  passed  round, 
and  so  reaching  most  of  the  pupils  after  the  discourse  had  passed 
on  to  something  else;  but  each  hearer  was  supplied  with  a  whole 
suite  of  the  objects  lectured  on,  to  examine  at  the  moment  and  to 
take  home  for  further  examination  and  review. 

The  first  lesson,  by  Mr.  Hyatt,  is  About  Pebbles.  A  tray  placed 
before  each  pupil  holds  a  small  quantity  of  fresh-broken  rock,  a 
weathered  piece  with  worn  angles,  a  complete  and  rounded  peb- 
ble, a  spoonful  of  gravel  and  another  of  sand.  With  these,  and 
with  reference  to  what  every  one  remembers  to  have  seen  on 
shores  and  beaches,  in  quarries  and  stone-yards,  and  along  brooks 
and  roadsides,  the  lesson  proceeds,  and  the  elemental  mcts  are 
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taught  rather  by  questions  asked  and  by  observations  incited 
than  by  didactic  lecturing. 

The  second  primer  contains  the  substance  and  displays  the 
method  of  Professor  Goodaie's  course  of  lessons  "  Concerning  a 
Few  Common  Plants.^'*  For  the  first  lesson,  on  a  seedling,  each 
of  the  five  hundred  auditors,  supposed  normally  to  represent  a 
child-pupil,  had  before  him  a  bean  freshly  soaked,  another  the 
sprouting  of  which  in  germination  had  barely  commenced,  a 
third  with  germination  more  advanced,  a  fourth  which  had  de- 
veloped not  only  a  root  below,  but  the  first  two  leaves  above  the 
cotyledons.  The  discourse  opens  by  the  asking  of  some  simple 
questions,  every  one  of  which  must  be  answered  by  an  examina- 
tion of  these  objects.  The  second  lesson  compares  two  seedlings, 
viz.  the  pea  with  the  bean;  the  third  compares  still  other  and 
different  seedlings ;  and  by  this  time  the  pupils  have  made  out 
the  leading  facts  and  ideas  of  vegetable  morphology  as  it  were 
for  theihselves.  This  knowledge  is  extended  in  a  similar  way,  and 
by  the  comparison  of  yarious  leafy  shoots,  to  the  consideration 
of  "how  the  parts  of  plants  help  one  another."  Later  these 
parts,  roots,  stems,  and  leaves  are  taken  up  separately ;  then  the 
way  in  which  plants  feed  and  grow  is  taught ;  then  wood  is  illus- 
trated by  small  truncheons,  blocks  yariously  cut,  and  veneers,  of 
which  each  pupil  has  a  set ;  and  the  structure  and  morphology  of 
the  blossom  is  brought  out  by  similar  methods.  Teachers  so 
tauffht  should  be  able  to  give  "  object  lessons "  to  their  young 
pupils  with  some  success.  Those  who  have  not  the  adyantage  of 
such  training  should  send  for  these  primers  (costing  ten  and  twenty 
cents  apiece)  study  them  thoroughly,  and  follow  the  directions 
they  give. 

The  third  primer,  about  Commercial  and  other  Sponges,  is  very 
good,  but  different.  It  begins  aright  with  a  bath  sponge,  and 
some  common  reef-sponges  to  be  had  cheaply  of  the  wholesale 
druggists.  J3ut  it  departs  from  the  normal  plan  by  entering  into 
microscopic  details,  illustrated  by  figures,  and  into  an  account  of 
sponge-gathering  by  divers  in  the  Mediterranean  and  the  Gulf  of 
Mexico.  A.  G. 

V.  Function  of  the  iSterile  FHlament  of  Pentstemon. — Dr.  LIk) 
Ebbbra,  in  Belgium,  has  been  investigating  two  allied  Mexican 
species,  yiz.  Fentsteinon  gentianoides  and  P,  Sarttoegi,  with 
their  yarieties,  now  common  in  cultivation.  Noting  the  fact 
that  the  sterile  filament,  which  belongs  to  the  upper  side  of  the 
flower,  is  from  near  its  base,  declined  upon  the  lower  side  of  the 
corolla-tube  or  throat,  he  comes  to  the  conclusion  that  its  princi- 
pal function  is  to  obstruct  the  access  of  unwelcome  insects  to  the 
nectar  at  the  base  of  the  flower.  The  size  of  the  corolla  and  dis- 
position of  the  genitalia  is  such  that  only  large  insects,  such  as 
humble  bees,  which  fill  the  whole  cayity,  can  eflect  fecundation. 
The  somewhat  smaller  ones,  which  would  rifle  the  flower  of  its 
sweets  without  rendering  any  service,  are  excluded  from  the 
nectar  by  this  bar  across  the  base  of  the  tube.     Professor  Eemer, 
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who  of  late  has  especially  studied  the  arrangements  in  flowers  for 
the  exclusion  of  v  unbidden  guests,  as  he  terms  them,  appears  to 
have  anticipated  this  conclusion  in  respect  to  PenUt^mon.  While 
making  observations  upon  the  five  forms  of  these  two  species  which 
were  in  cultivation  at  Brussels,  Dr.  Errera  was  surprised  to  find 
that  only  one  of  them  was  freely  visited  by  hymenopterous  insects : 
this  was  a  form  of  P.  Hartwegi^  with  mauve-colored  corolla.  The 
others,  though  occasionally  tried,  were,  on  the  whole,  neglected  ; 
and  he  found  that  this  remarkable  preference  depended  not  at  all 
upon  the  abundance  or  quality  of  the  nectar,  nor  upon  the  per- 
fume, nor  upon  the  color  of  the  corolla,  except  by  a  coincidence 
as  to  the  latter ;  but  in  the  fact,  that  in  all  but  the  mauve-colored 
form,  the  curvature  of  the  sterile  filament,  which  obstructed 
ftirther  entrance,  was  so  high  in  the  tube  that  the  tongue  of  these 
insects  could  not  reach  the  nectar  at  the  bottom  of  the  tube.  A 
difference  of  a  millimeter  or  two  in  the  curvature  of  the  sterile 
filament  or  the  length  of  the  tube  below,  determined  whether  or 
not  the  flowers  should  be  fertilized  in  Belgium. 

Krrera's  paper  is  published  in  the  lYth  volume  of  the  Bulletin 
de  la  Societi  Hoy  ale  de  Botaniqtie  de  jBelgique^  February,  1879, 
is  preceded  by  a  very  detailed  dissertation  on  the  structure  and 
fecundation  of  flowers  in  general,  by  himself  and  M.  Gustave 
Gevaert,  occupying  140  pages,  8vo.  The  motto  of  the  paper  is 
taken  from  Darwin — "  Whoever  is  led  to  believe  that  species  are 
mutable,  will  do  good  service  by  conscientiously  expressing  his 
conviction."  The  authors  have  expressed  theirs,  and  the  grounds 
of  it,  with  great  fullness.  a.  g. 

8.  Revue  Mycologique^  is  the  title  of  a  new  periodical,  devoted 
to  the  study  of  l^ngi^  under  the  editorship  of  M.  Roumegu^re  of 
Toulouse,  published  at  that  city  and  at  Paris  (Bailli^re) ;  the  first 
number,  of  44  pages,  Bvo,  issued  in  January  last.  Price  12  francs 
a  year.  The  leading  article  is  upon  the  Lichen  question,  in  the 
light  of  the  recent  in  vest i orations  of  Dr.  Minks,  confirmed  by  Dr. 
Mueller  of  Geneva.  Half  of  this  first  fasciculus  is  devoted  to 
notices  of  recent  publications  and  to  mycological  news.  The 
editor  takes  notice  of  Professor  Hitchcock's  recent  proposition  to 
the  microscopists  in  the  convention  at  Indianapolis,  to  adopt  the 
y^^  of  a  millimeter  as  the  micrometric  unit,  and  regrets  it,  on 
account  of  the  adoption,  several  years  ago,  in  Europe  (upon  the 
proposition  of  Suringar  of  Leyden)  of  the  y^^  of  a  millimeter 
(denoted  by  the  Greek  //)  as  the  micrometric  unit.  a.  g. 

9.  Meehan^s  Native  Flowers  and  Fh'ns  of  the  United  ^States^ 
illustrated  by  chromolithographs  of  Prang  &  Co. — The  whole  of 
vol.  ii,  issued  since  our  last  notice,  is  now  before  us.  The  new  vol- 
ume, parts  13  to  24,  compares  very  favorably  with  the  first.  The 
drawings  are  better;  the  color-printing  at  least  as  good;  and  the 
excursions  in  the  letter-press  comparatively  seldom  tempt  the  re- 
viewer to  critical  remarks.  Such  plates  as  those  of  Phaaeolus 
diversifolius^  Andromeda  Maria?ia,  (Jeraatium  arvense^  Helian- 
thut  Maximiliancf,  and  Eehinoca;tu8  polyc^halua^  even  satisfy  the 
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fastidious.  Perhaps  we  should  have  added  GaiUardia  amblyodou 
to  the  list,  if  we  had  not  placed  by  the  side  of  it  Sprague's  figure 
in  the  Chloris  Bor.-Am.,  which  belongs  to  some  of  this  artist's 
early  work.  We  could  wish  that  Meadow  Beauty  {Rhexia  Vir- 
gimca)  had  a  better  opportunity  to  display  her  charms.  We  learn 
that  the  work  will  be  directly  continued  in  a  second  series,  in 
which  we  hope  that  the  success  of  the  entei^prise  will  stimulate 
still  further  improvement  in  the  drawings.  a.  g. 

10.  Observations  on  Several  Forms  of  Saprolegniecp ;  by  Frank 
B.  HiNE,  B.S. — This  is  a  thesis,  submitted  for  the  decree  of 
B.S.,  at  Cornell  University,  and  the  pamphlet  is  an  article  ex- 
tracted from  the  American  Quarterly  Microscopic  Journal,  vol.  i. 
It  is  illustrated  by  four  excellent  plates,  drawn  by  the  author 
from  nature.  The  figures  and  the  letter  press  (20  pages)  give  a 
very  favorable  impression  of  the  author's  ability,  judgment,  and 
taste.  The  two  latter  qualities  are  shown  in  his  forbearance  to 
give  new  specific  names  to  forms  of  which  the  sexual  reproduction 
IS  not  made  out,  notwithstanding  their  apparent  difference  from 
described  species ;  and  he  refrains  from  proposing  a  new  genus  in 
another  case  upon  a  new  point  of  structure  which  lie  observed,  but 
which  may  not  require  or  justify  this  distinction.  An  indisposi- 
tion to  introduce  new  names  which  may  be  needless,  and  therefore 
encumbering,  is  a  hopeful  sign.  a.  g. 

\\.  A  PopukMr  Calif omia  Flora^  or  Manual  of  Botany  for 
Beginners:  by  Volney  Rattan,  Teacher  of  Natural  Sciences  in 
the  Girls'  High  School^  San  Francisco.  (S.  Francisco:  Bancroft  & 
Co.  1879). — The  schools  of  California  have  long  been  needing  an 
aid  like  this  by  which  they  may  study  the  flowers  which  abound 
around  them,  and  which  in  spring  make  gay  the  whole  face  of  the 
country.  This  book,  of  103  pages,  in  the  form  of  "  How  Plants 
Grow,''  is  the  first  and  a  laudable  attempt  to  supply  a  pressing 
want  It  is  a  first  part  only,  including  the  Polypetalae  and  Gamo- 
petalse,  and  a  second  part  will  complete  the  work.  It  is  very  well 
compiled  from  the  Botany  of  California  and  the  Synoptical  Flora 
of  North  America ;  and  it  is  restricted  to  the  plants  of  the  San 
Francisco  region,  extending  north  to  Mendocino  County,  south  to 
Monterey,  and  west  to  the  foot-hills  of  the  Sierra  Nevada.  The 
UrnbeUiferoe  and  Composite  are  omitted  because  "  too  difficult  for 
beginners."  In  a  second  edition  these  might  be  added,  and  rend- 
ered about  as  easy  as  the  rest,  with  a  skillml  popular  presentation, 
for  which  we  could  give  the  worthy  author  some  hints.       a.  g. 

12.  HaZosphwra^  eine  neue  Gattung  grdner  Algen  aus  dem 
Jtfittelmeer  /  by  Dr.  Fb.  Schmitz. — The  present  paper,  taken  from 
the  first  volume  of  Mittheil.  aus  der  zloologischen  Station  at 
Naples,  gives  an  account  of  a  minute  floating  Alga,  which  is 
common  in  the  Bay  of  Naples  from  January  to  April,  and  is  vul- 
garly known  as  "  punti  verdL"  Pelagic  Algae  are  little  known, 
and  the  present  species  offers  several  points  oi  interest.  It  occurs 
in  the  form  of  isolated  spherical  cells  which  float  on  the  open  sea, 
without  any  independent  power  of  locomotion.  The  cell-contents 
divide  into  very  numerous  daughter-cells  which  produce  zodspores 
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by  secondary  division.  The  latter  are  of  an  unusual  form,  being 
conical,  with  the  two  long  cilia  attached  to  the  base  instead  of 
to  the  apex  of  the  cone.  The  development  of  the  zoospores  is 
unknown. 

In  this  connection  we  may  mention  a  second  paper  by  the  same 
author  on  Th>e  Green  Algce  of  the  Bay  of  Athens,  He  considers 
the  little  known  Acrocladus  mediterraneus  of  Naegeli  to  be 
merely  a  peculiar  condition  of  the  common  Cladophora  peUucida 
of  Etltzin^,  and  not  the  voung  of  Acetabulariay  as  was  supposed 
by  ZanardmL  He  descnbes  two  new  species  of  SiphonodaduSy  a 
genus  midway  between  Vqlonia  and  Cladophora^  resembling  the 
hitter  in  ramification  but  differing  from  it  in  the  transverse  cell- 
walls  not  being  complete,  but  only  partial  as  in  VtjUonia,  At  the 
end  of  the  paper  are  some  remarks  on  the  relations  of  different 
genera  of  green  Algse,  which  constitute  the  tSiphonodadiacece. 

G.  w.  F. 

13.  Db.  W.  G.  Farlow,  for  the  past  five  years  Assistant  Profes- 
sor of  Botany  at  the  Bussey  Institution,  Harvard  University,  has 
been  appointed  Professor  of  Cryptogamic  Botany  in  the  Univer- 
sity proper.  This  is  the  first  professorship  in  this  important  and 
difficult  department  established  in  this  country.  The  laboratory 
for  instruction  and  research  in  the  lower  Cryptogamia  is  now 
established  at  Cambridge. 

III.  Miscellaneous  Scientific  Intelligence. 

1.  Intra-Mercurial  JPianet. — Careful  search  was  made  at  the 
Royal  Observatory,  Greenwich,  and  other  places  for  the  transit 
of  the  supposed  intra-Mercurial  planet  over  the  Sun,  which, 
according  to  an  orbit  calculated  by  Dr.  Oppolzer,  of  Vienna, 
might  take  place  in  the  morning  of  the  1 9th  of  March  last. 
Nothing,  however,  was  seen  of  it — a  result  which  cannot  surprise 
those  accustomed  to  astronomical  observations,  and  able  to  appre- 
ciate the  great  uncertainty  of  the  data  on  which  the  calculations 
were  founded,  several  of  the  observations  (among  which  we,  for 
our  part  at  least,  must  include  the  famous  one  by  the  Org^res 
physician,  M.  Lescarbault,  in  1869)  being  probably  of  some  spot 
on  the  Sun  or  else  altogether  apocryphal  With  regard  to  the 
objects  seen  during  the  total  solar  echpse  last  July,  Dr.  Oppolzer's 
orbit  did  not  take  in  either  of  them. — Athen,ceumy  April  1 2. 

2.  Oeological  Society  of  London, — At  the  recent  annual  meeting 
of  the  Geological  Society,  the  Wollaston  gold  medal  was  awarded 
to  Professor  Bernard  Studer,  "  the  father  of  Swiss  geoloe y ;"  the 
Murchison  medal  to  Professor  M'Coy,  of  Melbourne ;  the  Lyell 
medal  to  Professor  E.  H6bert,  of  Paris ;  the  Bigsby  medal  to  Pro- 
fessor E.  D.  Cope,  of  Philadelphia ;  the  balance  of  the  Wollaston 
Donation  Fund  to  Mr.  Samuel  Allport ;  the  proceeds  of  the  Mur- 
chison Geological  Fund  to  Mr.  J.  W.  Kirkby ;  a  moiety  of  the 
balance  of  the  proceeds  of  the  Lyell  Fund  to  Professor  Alleyne 
Nicholson,  and  the  other  moiety  to  Dr.  Henry  Woodward,  F.K.S. 
—NatMre^  March  13. 
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3.  Geological  Survey  of  the  Territories  of  the  United  States, — 
The  plan  proposed  by  the  Committee  of  the  National  Academy 
of  Sciences  for  the  scientific  surveys  of  the  United  States  Tem- 
tories  (this  Journal,  January,  1879,  p.  78),  was  accepted  by  Con- 
gress, just  at  the  close  of  the  last  Session,  (March  9th),  so  far  as 
It  relates  to  the  Geological  Survey.  The  position  of  Director  of 
the  Survey  has  been  given  to  Mr.  Clarence  King,  who  has  recently 
brought  the  Survey  of  the  40th  Parallel  to  a  successful  completion. 
Congress  has  also  appropriated  a  sum  of  twenty  thousand  dollars 
for  the  final  completion  of  each  of  the  three  Surveys,  which  have 
been  carried  on  up  to  this  time  under  Lieut.  Wheeler,  Dr.  F.  V. 
Hayden,  and  Major  Powell. 

4.  Gold  MedcU  of  the  Astronomical  Society. — The  Council  of 
the  Royal  Astronomical  Society  of  England  has  awarded  the  gold 
medal  of  the  society  for  this  year  to  Professor  Asaph  Hall  of 
Washington.  In  the  address  of  the  President,  Lord  Lindsav,  on 
presenting  the  medal,  a  detailed  statement  is  made  of  Pro^ssor 
Hall's  many  and  valuable  contributions  to  astronomical  science, 
with  special  reference  to  the  most  important  of  these  :  the  discov- 
ery of  the  satellites  of  the  planet  Mars. 

6.  Paris  Academy  of  Sciences. — The  *'Serre8"  Prize  for  1878 
has  been  awarded  by  the  Academy  of  Sciences,  for  the  best  work 
in  embryology,  to  Alexander  Agassiz,  of  Cambridge.  This  is 
the  first  time  the  prize  has  been  given.  The  value  of  the  prize  is 
7600  francs. 

Prof.  J.  Lawrence  Smith  has  recently  been  elected  a  Correspond- 
ing Member  of  the  Academy,  in  the  place  of  Sir  Charles  Lyell. 

6.  Memoirs  of  the  Museum  of  Comparative  Zoology,  —  The 
first  part  of  No.  1 ,  vol.  vi,  of  the  Memoirs  of  the  Museum  of  Com- 
parative Zoology  at  Cambridge,  Mass.,  has  just  been  published. 
It  contains  a  portion  (288  pp.)  of  a  work  on  the  Auriferous  Gravels 
of  the  Sierra  Nevada  of  California,  by  Professor  J.  D.  Whitney. 
The  remainder  of  the  volume  will  be  ready  in  a  few  months. 

7.  Report  of  the  Observations  of  the  Total  Solar  Eclipse,  July 
29^A,  1878,  made  at  Fort  Worthy  Texas;  edited  by  Leonard 
Waldo,  Assistant  of  the  Observatory  of  Harvard  College.  60 
pp.  4to,  with  4  plates.  Cambridge,  1879.— A  notice  of  this  report 
will  be  given  in  another  number. 

OBITUARY. 

Frank  FIowe  Bradley  died,  from  the  falling  of  a  bank  in  a 
gold  mine,  near  Nacoochee,  Georgia,  on  the  27th  of  March.  Mr. 
Bradley  was  bom  at  New  Haven,  Connecticut,  on  the  20th  of 
September,  1838.  He  was  graduated  at  Yale  in  1863,  and  after- 
ward pursued  special  studies  in  natural  science  in  connection  with 
the  Sheffield  Scientific  School  But  still  earlier,  his  tastes  had  led 
him  to  the  study  of  geology,  and  in  1867,  before  he  had  passed 
his  nineteenth  birthday,  he  had  by  his  discoveries  at  Keeseville 
added  a  new  trilobite  to  the  known  fauna  of  the  New  York  Pots- 
dam sandstone,  which  till  then  had  afforded  no  animal  remains 
28a 
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but  Lingulae  and  Scolithi ;  and  had  proved  by  imperfect  specimens 
the  existence  also  of  Orinoids  and  PieorotomarisB  in  the  same  beds. 
This  discovery  was  announced  that  year  at  the  meeting  of  the 
American  Association  at  Montreal,  and  made  the  subject  of  an 
article  in  this  Journal  in  1860.  After  his  graduation  at  Yale,  much 
of  his  time  was  spent  in  the  field  making  collections  of  fossils,  and, 
for  more  than  a  year,  at  Panama  and  its  vicinity  where  he  obtained 
large  collections  of  corals  and  other  specimens  in  zoology,  partly 
for  the  Yale  Zoological  Museum.  During  the  year  1867  he  was 
assistant  geologist  in  the  survey  of  Illinois,  and,  in  1869,  in  that 
of  Indiana.  The  Indiana  report* for  that  year  contains  a  valuable 
chapter  by  him,  treating  especially  of  the  Vermilion  County  Car- 
boniferous rocks.  Two  species  of  land  snails  from  these  rocks 
were  described  by  him  in  this  Journal,  in  1872.  During  the  sum- 
mer of  that  year  he  was  assistant  geologist  in  the  geological  survey 
of  the  Territories  under  Dr.  F.  v .  Hayden,  and  among  his  impor- 
tant results,  as  set  forth  in  his  excellent  report,  there  is  the  identi- 
fication by  fossils  of  the  Quebec  group  in  Idaho,  and  also  at  the 
base  of  the  Archaean  Teton  range.  During  the  years  1869  to  1875, 
Mr.  Bradley  was  Professor  of  Geology  and  Mineralogy  in  the  Uni- 
versity of  Tennessee;  and  while  there  he  made  a  detailed  section 
of  the  unaltered  Lower  Silurian  formations  and  the  continuation 
of  the  beds  in  crystalline  rocks  on  the  east ;  and  the  results  of  his 
careful  work  are  embodied  in  a  communication  to  this  Journal  in 
1 876  "  on  the  Silurian  age  of  the  Southern  Appalachians.^'  During 
the  same  year  he  prepared,  and  in  1876  published,  a  valuable, 
though  small,  geological  map  of  the  United  States. 

Professor  Bradley  left  his  position  at  Knoxville  in  1875,  with  the 
hope  of  so  adding  to  his  resources,  that  he  might  be  able  to  pur- 
sue his  favorite  science  untrammeled  by  outside  obligations ;  and 
it  was  in  laboring  toward  this  end,  but  before  his  expectations  had 
been  realized,  that  he  met  with  his  untimely  death. 

Professor  Bradley  was  a  man  of  profound  zeal  for  science,  of  exact- 
ness in  observation,  of  great  energy,  and  of  independent  judgment 
and  purpose.  His  tall,  straight  figure,  neatly  dressed,  but  after  a 
fashion  dictated  by  his  work  and  not  by  prevalent  modes,  ex- 
hibited his  independence  of  character  no  less  than  his  strongly 
drawn  physiognomy.  His  lines  of  action  were  laid  down  by  his 
sense  of  what  was  right  and  just,  and  once  fixed,  even  if  bearing 
only  on  the  position  of  a  comma  in  a  proof  sheet,  there  was  no  swerv- 
ing. He  even  contemned  any  accommodatidVi  to  circumstances  in 
order  to  avoid  friction,  and  met  with  more  of  this  than  he  need 
have  encountered.  But  he  was  a  man  of  real  kindness  of  heart,  of 
warm  friendships,  and  of  great  uprightness. 

Professor  Bradley  was  married  to  Miss  Sarah  M.  Bolles  of  New 
Haven,  in  1867.  He  leaves  a  wife  and  one  young  daughter,  an 
infant  child  having  died  on  the  day  of  his  own  death.       j.  d.  d. 

Dove,  the  eminent  professor  of  Physical  Geography  at  Berlin, 
died  on  the  6th  of  April,  at  the  age  of  seventy-seven. 

W.  K.  Clifford,  of  University  College,  London,  an  able 
mathematician,  died  at  Madeira,  early  in  March. 
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Art.  LITL — The  Forests  of  Central  Nevada^  with  some  remarks 
on  those  of  the  adjacent  regions;  by  Chablss  S.  Sargent. 

To  tte  traveler  crossing  the  Great  Basin  by  the  line  of  the 
Pacific  Railroad  the  country  will  appear  almost  as  destitute  of 
trees  as  the  great  plateau  over  which  he  has  passed  in  approach- 
ing the  Rocky  Mountains  from  the  east  This  first  impres- 
sion will  disappear,  however,  should  he  penetrate  farther  south, 
and  ascend  some  of  the  low  mountain  ranges,  which,  with  a 
general  north-and-south  trend,  everywhere  cut  up  this  elevated 
interior  region  into  long,  narrow  valleys.  As  compared  with 
our  Atlantic  forests,  or  those  still  nobler  ones  which,  farther 
to  the  west,  owe  their  existence  to  the  influence' of  the  Pacific, 
the  forests  which  clothe,  with  a  scanty  and  stunted  vegetation, 
the  mountain  slopes  of  Nevada  are  miserably  poor  in  extent, 
productiveness,  and  especially  in  the  number  of  species  of 
which  they  are  composed.  Actually  they  are  of  immense 
value.  For  scanty  as  they  are,  they  regulate  and  protect  the 
rare  and  uncertain  streams  on  which  the  agriculture  of 
Nevada  depends,  and  furnish  a  large  population  with  fuel 
and  lumber;  a  population,  too,  which,  while  consuming  and 
wasting  enormously  its  forests  in  vast  mining  operations,  is 
practic^ly  cut  off,  by  its  isolation  and  the  cost  of  transporta- 
tion, from  outside  supply. 

A  hurried  journey  made  in  Septemper  last,  undertaken  for 
the  purpose  of  studying  in  situ  the  trees  of  the  **  Great  Basin," 
and  of  mtroducing  into  cultivation  some  of  the  peculiar  plants 
of  that  region,  took  me  to  the  great  mining  center  of  Eureka, 
and  then  through  Dry  and  Fish-spring  valleys  seventy-five 
miles  further  southwest  into  the  Monitor  Range,  to  the  point 
Am.  Joub.  Soi.— Thibd  Sbriks,  Vol.  XVn,  No.  103.~Juhb,  1879. 
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where  its  highest  peak,  "Table  Mountain,"  reaches  an  eleva- 
tion of  11,200  feet,  and  oflFered  an  excellent  opportunity  to 
examine  the  timber  supply  of  that  central  portion  of  Nevada. 

The  forests  of  this  portion  of  the  State  are  composed  of  but 
seven  species.  Of  these,  two,  the  Red  Cedar  {Juniperxis  Yir- 
giniana  L.)  and  the  Aspen  {Populus  tremuloides  Michx.) 
extend  across  the  Continent;  two,  PiniLs  Baljouriana  Murr. 
and  Pinus  flexilis  James,  extend  alone  the  mountain  ranges 
from  the  Rocky  Mts.  of  Colorado  to  Mt.  Shasta  in  California ; 
two,  Pinxis  monophylla  Torr.  and  Juniperus  Califomica  Car- 
rifere,  var.  Utahensis  Engelm.  are  endemic  to  the  *'  Great  Basin ;" 
while  (h'cocarpus  ledifoliiis  Nutt,  although  occurring  as  a 
shrub  both  in  the  Rocky  Mts.  and  in  California,  only  here 
becomes  a  valuable  tree. 

Neither  the  Red  Cedar  nor  the  Aspen  needs  be  considered 
here.  A  single  small  plant  of  the  former  was  noticed ;  and  it 
is  evidently  so  rare  throughout  this  region  that  it  adds  but 
little  to  the  value  of  its  forests.  The  Aspen  borders  all  the 
mountain  streams  above  8,000  feet  elevation,  but,  rarely  sur- 
passing fifteen  feet  in  height  and  a  few  inches  in  diameter,  is 
practically  without  value  for  its  products.  Further  east  in  the 
Wahsatch  Mts.  this  species  is  sometimes  seen  with  stems  two 
feet  through ;  and  it  is  largely  used  by  the  Mormons,  who 
consider  it  valuable  for  flooring,  turnery,  etc. 

Juniperus  Califomica^  var.  Utahensis^  is  the  most  common, 
and  the  most  widely  distributed  of  the  trees  of  this  region. 
It  is  found  at  lower  elevations  than  any  other  tree,  and  alone 
descends  into  the  valleys,  where,  at  an  elevation  of  5,000  feet, 
it  is  often  abundant,  but  less  so  than  on  the  mountain  sides, 
over  which  it  spreads  up  to  8,000  feet  elevation.  It  is  a  low, 
bushy  tree,  branching  irom  the  ground,  with  a  stout  trunk 
which  rarely  exceeds  two  feet  in  diameter;  short  and  very 
stout  branchlets,  and  thick  shreddy  bark.  The  wood,  which 
is  moderately  hard,  pale  colored,  and  slightly  aromatic,  fur- 
nishes the  common  and  cheapest  fuel  both  for  domestic  use  and 
for  generating  steam  on  the  railroads  and  at  the  mines.  The 
typical  Juniperus  Californica  belongs  to  the  California  Coast 
Range,  and  the  variety  extends  over  the  whole  of  the  southern 
portion  of  the  "Great  Basin.''  In  fruit  this  species  will  be 
readily  distinguished  by  its  dry  one-seeded  berry,  the  great 
thickness  of  the  stony  coating  of  the  seeds;  and  from  all  other 
Junipers  (as  pointed  out  by  Dr.  Engelmann)  by  its  4r-6-coty- 
ledonous  embryo.  Without  fruit  it  may  be  easily  confounded 
with  Juniperus  occidentalis  Hook.,  which  species,  however,  has 
not  been  detected  in  Central  Nevada.  Like  all  the  trees  of  the 
**  Great  Basin  *'  this  Juniper  is  of  exceedingly  slow  growth.  A 
specimen  before  me  four  and  one-half  inches  in  diameter  shows 
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one  hundred  and  five  annual  layers  of  growth,  or  an  annual 
average  increase  of  nearly  j',  of  an  inch. 

Growing  with  this  Juniper,  above  6,000  feet  elevation,  and 
extending  rather  higher  up  the  mountains,  is  Pinus  monophylla 
Torn,  the  "Nut  Pine"  of  Nevada  and  eastern  California;  but 
not  to  be  confounded  with  an  allied  species,  also  bearing  edible 
seeds,  Pinus  edulis  Engelm.,  found  from  Colorado  to  New  Mex- 
ico and  Arizona.  Pinus  monophylla  is  a  small  tree,  ten  to  twenty 
feet  high,  with  reddish  scaly  bark,  and  is  easily  distinguished 
from  other  North  American  Pines  by  its  solitary^  glau'^ous, 
terete  leaves  (very  rarely  in  pairs,  and  then  semi-cylmdrical). 
The  wood  is  white,  soft,  light,  and  very  resinous ;  it  is  more 
highly  prized  for  making  charcoal  than  that  of  any  tree  of 
this  region.  In  slowness  of  growth  Pinus  monophylla  does  not 
essentially  diflfer  from  the  Juniper  with  which  it  is  associated  ; 
a  specimen  that  I  have  examined,  from  the  locality  which  fur- 
nished the  specimen  of  Juniper  referred  to  above,  is  five  and 
one-half  inches  in  diameter  and  shows  one  hundred  and  thirteen 
annual  layers  of  growth.  The  immense  crops  of  large  and  deli- 
cately flavored  seeds  produced  by  this  tree  supply,  as  is  well 
known,  to  the  Indian  tribes  of  the  Great  Basin  their  most  impor- 
tant article  of  food.  The  value  of  this  crop,  and  the  excellent 
quality  of  the  wood  for  charcoal,  make  this  tree,  in  a  mining 
region  entirely  destitute  of  coal,  its  most  valuable  vegetable 
production.  The  introduction  of  Pinus  monophylla  mto  the 
South  of  Europe  as  a  subject  for  forest  planting  is  worthy  of 
consideration;  it  might  flourish  there  on  those  dry  and 
exposed  hill  sides  which  have  been  found  so  diflicult  to  satis- 
factorily recover  with  any  European  tree.  Its  strictly  pyram- 
idal haoit  while  young — a  habit  which  it  entirely  loses  with 
age — and  the  pleasing  glaucous  tints  of  its  foliage  commend 
this  species  to  the  lovers  of  ornamental  conifers. 

Pinus  Balfouriana*  was  only  met  with  on  Prospect  Mountain, 
near  Eureka,  at  an  elevation  of  7,500  feet^  to  the  summit,  8,000 
feet.  Formerly  the  whole  summit  of  this  mountain  was  very 
generally  covered  with  this  species,  but  with  few  exceptions 
the  trees  have  all  been  cut  to  supply  the  mines  with  timbering, 
for  which  purpose  the  strong  and  very  close-grained,  tough 
wood  of  this  species  is  preferred  to  that  of  any  other  Nevada 
tree.  The  specimens  seen  were  fifteen  to  thirty  feet  high,  with 
trunks  often  two  feet  in  diameter,  pyramidal  in  outline,  their 
lower  branches  still  remaining;  so  tnat  at  a  little  distance  they 
might  readily  be  mistaken  for  spruces.  The  bark  like  the 
wood  is  reddish  in  color,  very  thick  and  deeply  furrowed  ;  that 

*  With  the  iDSuffident  material  at  my  dii^posal  I  cannot  satisfactorily  separate 
PiwM  ariitata  Engelmaun,  from  Murray's  F.  BaJfowriana,  the  older  name  and 
founded  on  California  specimens.  Pinus  ariataia  is  an  alpine  plant  discovered 
by  Parry  many  years  later  in  the  Rocky  Mts.  of  Colorado. 
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of  the.  branches  smooth  and  quite  white.  The  short,  falcate, 
appressed  leaves  persist  for  years,  forming  tufts  of  foliage  a  foot 
or  more  long  at  the  ends  of  the  naked  branches ;  and  this  pe- 
culiarity has  suggested  to  the  lumbermen  of  the  region  the 
name  of  "  Fox  Tail  Pine  "  for  this  species.  Pinus  Bal/burtanaj 
should  it  be  found  to  retain  in  cultivation  the  peculiarities 
which  characterize  it  on  the  mountains  of  Nevada,  will  be  one 
of  the  most  striking  and  interesting  of  the  genus  for  orna* 
mental  planting. 

Pinmflexilis^  the  Nevada  representative  of  the  Eastern  White 
and  the  California  Sugar  Pine,  is  the  largest  and  the  most  valu- 
able timber  tree  of  the  central  portion  of  the  "Great  Basin." 
I  found  large  tracts  of  it  on  the  Monitor  Range,  from  8,000  up 
to  10,000  feet  elevation ;  and  further  to  the  northeast  it  gives 
their  names  to  "White  Pine"  District,  "White  Pine"  Range, 
etc.  On  the  Monitor  Range  specimens  fifty  to  sixty  feet  high, 
and  from  two-feet  six  to  four  feet  in  diameter  were  not  infre- 
quent, the  trees  gradually  becoming  smaller  as  the  elevation 
increased,  until  at  10,000  feet  they  were  little  more  than  pros- 
trate bushes  a  foot  or  two  high.  The  fact  that  the  finest  speci- 
mens were  found  on  the  banks  of  the  mountain  streams,  associa- 
ted with  Populus  (remuloidesj  indicates  that  this  species  is  more 
dependant  on  moisture  than  the  other  Nevada  Conifers.  It  is 
the  only  tree  of  this  region  which  is  sawed  into  lumber.  The 
wood  is  soft,  white,  and,  although  not  free  from  knots,  is  of  fair 
quality,  and  about  intermediate  between  Eastern  white  pine 
and  sugar  pine. 

Cercocarpus  ledi/olius,  with  Populus  tremulotdes,  the  only  non- 
coniferous  tree  of  this  region,  here  attains  its  largest  size  and 
greatest  age.  It  is  common  at  6,000  to  8,000  feet  elevation, 
and  next  to  the  Juniper  and  the  Nut  Pine  is  the  most  common 
of  Central  Nevada  trees.  It  is  a  small  tree,  ten  to  thirty  feet 
high,  with  small  evergreen  leaves  and  brown  scaly  bark,  in 
haoit  and  general  appearance  not  unlike  a  stunted  apple  trea 
The  wood  of  this  tree,  which  is  of  a  bright  mahogany  color 
and  susceptible  of  a  beautiful  polish,  is  exceedingly  hard, 
heavy  and  close-grained,  but  very  brittle,  and  so  liable  to  "heart 
shake"  and  diflScult  to  work  as  to  be  useless  in  the  arts.  It  is, 
however,  sometimes  employed  for  the  bearings  of  machinery, 
where  it  is  found  to  wear  as  well  as  metal ;  but  it  is  as  fuel 
that  "  Mountain  Mahogany"  (the  name  by  which,  owing  to  the 
color  of  its  wood,  Cercocarpus  is  universally  known)  has  no 
North  American  equal  We  are  in  the  habit  of  considering 
that  our  Eastern  Hickories  produce  the  best  fuel.  The  specific 
gravity  of  dry  hickory  is  but  '838,  while  that  of  Cercocarpus  is 
ril7,  so  that,  weight  being  the  best  test,  as  fuel  it  is  worth  80 
per  cent,  more  than  hickory.    The  amount  of  ash,  too,  left  after 
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burning  Gercocarpus  is  only  jV?  of  1  per  cent  of  the  dry  wood 
consumed,  while  that  of  hickory  is  jVi  of  1  per  cent,  three- 
tenths  per  cent  more.  Gercocarpus  is  probably  the  only  North 
American  wood  which  is  heavier  than  water;  and  among  the 
tropical  woods  employed  in  the  arts  and  described  by  Lastett, 
but  six  equal  or  surpass  it,  the  most  conspicuous  being  the 
West  Indian  Lignum  Vitae  {Ouaicum)  with  a  speci6c  gravity 
of  1"243.  As  was  to  be  expected,  the  growth  of  Gercocarpus 
was  found  to  be  exceedinglv  slow.  An  examination  of  several 
specimens  from  one  to  two  hundred  years  old  shows  an  average 
annual  increase  of  wood  only  one-sixtieth  of  an  inch  in  thick- 
ness. The  largest  specimen  of  this  tree  was  seen  on  Prospect 
Mountain  near  Eureka,  in  New  York  CaHon,  at  an  elevation  of 
7,000  feet.  It  was  a  low,  much  branched  tree,  about  twenty  feet 
high  with  a  trunk  rising  six  feet  to  the  first  branches.  At  three 
feet  from  the  ground  it  bad  a  girth  of  seven  feet  and  five  inches. 
If  we  suppose  that  its  average  growth  had  been  as  rapid  as 
that  of  the  younger  specimens  examined,  this  tree  would  have 
been  890  years  old.  it  was  probably  much  older.  The  rate  of 
growth  of  trees  is,  after  a  certain  age,  in  inverse  ratio  to  their 
age ;  and  it  is  perhaps  permissible  to  suppose  that  the  seed 
which  produced  this  little  tree  had  already  germinated  when 
the  oldest  living  Sequoia  on  the  Continent  was  still  a  vigorous 
sapling  with  its  bi-centennial  anniversary  still  before  it. 

Two  shi'ubby  plants  of  this  region  may  be  mentioned,  which, 
from  their  beauty,  are  especially  worthy  of  introduction  to  cul- 
tivation,— Cowania  Mexicana  Don.,  a  large  Bosaceous  shrub, 
nearly  allied  to  Gercocarpus,  with  elegant  pinnatifidly-lobed 
leaves  and  large  and  very  abundant  yellow  flowers;  and  a 
large  shrubby  Spircea,  &  Millefolium  Torn,  with  the  foliage 
of  Ghamcebatia,  but  a  larger  and  more  striking  plant,  and 
perhaps  the  most  elegant  of  the  genus. 

It  will  have  been  seen  that  the  forests  of  Nevada,  consisting 
of  a  few  species  adapted  to  struggle  with  adverse  conditions  of 
soil  and  climate,  are  of  immense  age,  and  that  the  dwarfed  and 
scattered  individuals  which  compose  them  reach  maturity  only 
after  centuries  of  exceedingly  slow  growth.  On  this  account, 
and  because,  if  once  destroyed,  the  want  of  moisture  will  for- 
ever prevent  their  restoration,  either  naturally  or  by  the  hand 
of  man,  public  attention  should  be  turned  to  the  importance  of 

Preserving,  before  it  is  too  late,  some  portions  of  these  forests, 
large  areas  of  forest-covered  mountain  ranges  are  still  held  by 
the  General  Government;  and  in  view  of  the  vast  importance 
of  their  remaining  wooded  to  serve  as  reservoirs  of  moisture, 
on  the  existence  of  which  the  future  of  this  region  must  de- 
pend, it  would  seem  wise  and  not  perhaps  altogether  impracti- 
cable, to  check,  or  at  least  to  regulate,  the  terrible  destruction  of 
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forest,  which  follows,  both  on  public  and  private  domain,  every 
new  discovery  of  the  precious  metals. 

A  comparison  of  the  arborescent  vegetation  of  Nevada  with 
that  of  the  region  lying  directly  east  and  west  of  the  "Great 
Basin  "  may  be  interesting.  Such  a  comparison  will  serve  to 
more  clearly  demonstrate  the  remarkable  poverty  of  the  Ne- 
vada forests.  It  will  aflFord,  too,  another  illustration  of  the 
relation  of  moisture  to  forest  distribution,  especially  with  refer- 
ence to  the  multiplication  of  species,  which  will  be  found  to 
increase  or  diminish  as  the  rain-fall  is  more  or  less  abundant 
and  more  or  less  equally  distributed. 

In  the  territory  between  the  41st  and  87th  parallels  of  lati- 
tude, and  extending  from  the  eastern  base  of  the  Rocky  Mts. 
to  the  foot  of  the  western  slope  of  the  Sierra  Nevada  are  three 
distinct  belts  of  arborescent  vegetation.*  Beginning  at  the  east 
there  is :  1.  The  Rocky  Mountain  Region  including,  besides  the 
main  range,  the  Uinta  and  the  Wahsatch,  and  embracing  Colo- 
rado and  the  eastern  half  of  Utah ;  2.  The  Nevada  Region,  ex- 
tending from  the  western  base  of  the  Wahsatch,  to  the  eastern 
base  of  the  'Sierra  Nevada,  and  embracing  the  western  half  of 
Utah  and  the  whole  of  Nevada  with  the  exception  of  the  ex- 
treme northern  and  southern  portions  of  the  State;  3.  The  Sierra 
Nevada  Region. 

In  the  Rocky  Mountain  Region,  to  which  in  spite  of  its  mid- 
continental  position  considerable  moisture  is  attracted  by  the 
high  peaks  which  everywhere  dominate  it,  there  are  twenty -five 
trees  and  forty-eight  shrubs,  in  all  seventy-three  species.  In 
the  Nevada  Region,  where,  owing  to  jts  isolated  position  be- 
tween high  mountain  ranges,  the  rain-fall  is  small  and' very  un- 
equally distributed,  the  number  of  species  is  reduced  nearly 
one-half, — to  thirty-eight;  ten  trees  and  twenty-eight  shrubs. 
In  the  Sierra  Nevada  Region^  to  which  the  Pacific  contributes 
a  large  although  unequally  distributed,  snow  and  rain  fall,  the 
number  of  species  is  increased  to  eighty-nine;  of  these  thirty- 
five  are  trees,t  or  three  and  a  half  times  more  than  occur 
in  the  adjoining  Nevada  Region,  and  a  third  more  than  are 
found  in  the  Rocky  Mountain  Region  ;  and  fifty-four  are  shrubs, 
or  double  the  number  of  the  Nevada  Region. 

The  following  table  shows  the  arborescent:]:  and  frutescent 
species,  so  far  as  they  are  now  known,  which  occur  in  these  three 
Kegions. 

*  For  the  purpose  of  the  present  comparisoa  not  only  trees  but  all  fhitescent 
plants  which  may  be  expected  to  exceed  four  feet  in  height,  and  therefore  as  un- 
dergrowth to  form  an  important  element  in  the  forest,  will  be  included. 

f  Pinus  monophyUa  Torr.,  although  it  has  found  a  foothold  on  the  eastern 
flank  of  the  Sierra  Nevadas,  is  not  included  among  the  trees  of  this  region.  This 
species,  as  well  as  Artemeaia  trukrUcUOf  are  so  peculiar  to  the  Nevada  Region  that 
they  cannot  be  properly  considered  a  part  of  die  Flora  of  the  Sierra  Nevada. 

}  Species  which  become  large  enough  to  be  of  economic  value  as  timber  trees, 
are  designated  by  a  *. 
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The  Rocky  Mt.  Beglon. 


Bsrherit  Fmdkri, 


Ptdea  amgustifclia, 
JOiamn,M$  CalifomictL 


Acer  ffrandidefUatwn.* 
Acer  glabrum. 
Negundo  acemidn. 
Bhtu  glabra, 

[UOa, 
Shtu  aromatieei^  yar.  trilO' 
^obinia  Nto-Mtxicana. 

Prunta  I^tuylvaniea, 
Prmntu  Vhrginiana, 
Prumi$  dtmiua,         (moM. 
apircM   dUcohr,  yar.   du- 

NeOlia  opuUJolia, 
JMnu  delieionu. 
Purshia  tridentata, 
CoUogyne  nunoatittma, 
Oereo<Mrpu9  partr{f'oliu*, 
Cereoearpus  udifoliut.* 
Cereocarput  UUrieatua, 
Oowania  Mexieana, 

Homblanda, 
Boeablandaj  yar. 

Tjpriu  munlmMdia. 
Crakegvt  rUnUarisf 
Onttcegiu  coceinea. 
Amdat%ehier  aln^folia, 
—  Jh<iaphyllum  ramasinimum, 
r~^PhilkdSphiu  miercphyUut, 
FendUra  rupteola, 

Bfbe9  cereum, 

BSbesaureum, 

Ba)eiUpUaUhwfn, 

JiSbes  braeteomnu      [jguum, 

BSbes  divaricaitim,  yar.  irri' 


Oofntupubetcens, 

SambueuM  glauea. 
Sambuau  raeenwBO. 
Lonieera  involuerata. 

ArUmiata  tridentata. 


FMttHera  NechJUexieana, 


The  Neyada  Begion. 


Bsrberie  Fremontii. 


Acer  glalrvm. 


\bala, 
Sh%u  aromatieaf  yar.  trtio- 


iVuniM  AnderaonU, 
Prwius  demiua,         [moea, 
Spiroea   diecolor,   yar.    du- 


I^ehia  tridentata. 


Oereoeofputledifoliui,* 

Oowania  Mexicana, 

Hranumtana, 
JSoea  CkUifarnicei^  yar.  til- 
Boeablanda.  yar. 


Amdanehier  alnifbiia. 


Bfbes  eereum, 
BXbea  awreum. 


Comtu  ptibeaeens. 

SanUmeua  glanea, 
Lonieera  invohicrata, 
Artemiela  tridentata. 


Fraaiimua  anomata. 


The  Sierra  Keyada  Beglon. 


CalyecMthue  oceidentalie, 
Franontia  Califomiea, 

Jihamnue  Caltfomiea, 
Rhamnue  aUnifoiitL. 
Bhamntuerocea, 
Ceanothui  cordtdatut. 
Ceanothu$  integerrimus, 
JSaevhu  Cal\fomiea. 
Aoermacropkylluni^ 
Acer  glabrum. 


Shut  divertiloba,         [bata. 
Bhua  aromatica,  yar.  trilo- 

Cercis  oeeidentaUe. 
Pruntu  eubcordata, 
Pruntu  emargmata. 
J^vntu  demisBa. 
SpinBadi$eclor;vai,d%imoaa, 

NeUlia  oDuUfolia, 
jRubtts  Nutkanui. 


Cercocarpue 
Cercoearpue 


parvifoliuL*  ) 
led^ciituJ^J 


Adenoatamafaaeieulatwn, 
Boaa  Califamica. 

Beterome^  arbut^foiia. 
Pi/rua  aambucM)fia, 
Vraiagua  rivwaria. 

Amelanchier  alntfcUa, 

Philadelphua  Le¥fiaii, 

Carpenteria  Cal{f<rtmiea, 
BXbea  cereum. 
RSbeaaureum, 
JObea  Igatanthum. 
Sibea  MemiegiL 
Bibea  cxyacanthoidea, 
Bibea  aanguineum,  yar.  va- 
[riegatwn, 
Oamua  pvbeaeena, 
Oomuaseaailia, 
Oomua  JfuUaUiL 
Oarrya  FremontU, 
Sambuciu  glatiea, 
Sambucua  racemoaa, 
Lcnicera  intfolticnUa, 
Cephalanthua  occidentalia, 

Leucotha  Daviaict, 
Arctoataphyloa  1 

Bhododendnnn 
JStyrax  Califomiea. 
Fraxinua  dipetala. 
Fraxinua  Oregona,^ 
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The  Booky  Mt.  Beglon. 


Shepherdia  CanadmsiB. 
Shq}Jierdia  argerUsa, 

McBounus  argmitea, 
SarcobtOui  vermicvlatm, 
AiHplex  cor^ferHfoUa. 

CeUU  ocetdetUalis.  [mila. 
CdtU  occidentalU,  yar.  pu- 
Quercua  undiUaUi,* 


Bstuta  oeeiderUalii, 
Behda  glaridulota. 
Ooryltu  rottrata, 

Alntu  incana, 
Alnui  viridU, 
Saiix  Umgifolia. 
Salixeardata, 
J^jptUtu  tremtdoidm.* 
B^nUtu  angutttfolia,* 
B^ndut  baUatniferay  var. 
[eandican$,* 
BpTieda  irifurca, 
ifntM  eontaria*      [folia.* 
Fintit  eontorta,   var.   laU- 
Pinus  ponderoBou* 

Plntts  edulis.* 
FlHtuJUxUUi,* 
Fintu  BaHfouriaiML* 


JKeea  Engdmanni,* 
Picea  pungeiu  {Abiet  Mtn- 

gieaU  of  the  Colorado 

Flora).* 
Abiea  tubalpina,* 
AbiM  concotor,* 


ReudoUuga  JkmfflaBH.* 

Jvniipenu  occidentalU^YST.* 
Junip&rus  Vhyiniana,* 


The  NeTada  Beglon. 


Shepherdia  Canadentis, 
Shepherdia  argentea, 
Sftepherdia  rotundifolia, 

Sareobaiui  vermietdaiue, 
AtripUx  oonfertiMia. 
Spirostaehye  occtderUalis, 


8(dixlong{folia, 
Salixeordaia, 
Ibpvltu  tremtdoidee.* 
Ivpulua  angtutifolia,* 
B^ndue  trichocarpa,* 

Ephedra  tr^iirea. 


Pinue  numcf^Ua,* 
Finite  fexUie,* 
Finm  Balfowriana,* 


Fieea  Engdmanni* 


Juni 
Jx 


[Ulahentie* 
Cal^omica^  yar. 
Virginiana,* 


The  Sierra  Nerada  Beglon. 


Eriodietyon  gluHnoevm, 
Umbdlaria     (Oreodaphne) 
Oalifiymiea,* 


I  lobata,*         {eoea. 
'CUB  lobaUiy  yar.  JHtU- 
"^tercue  Douglatii.* 
I  ehryaolenit.* 
9    chnfeotepiM,    yar. 
vaocinifoliwn. 
I  Sonomeneia.* 

TfWiami* 
9  dene^flora,* 

iehryeophyUa,* 

[fonUoa, 
Oorylue  rostraUu  yar.  Gaft- 
Myriea  Hartiwegi, 
Alnxte  incana, 
Alnue  rhomb^olia, 
Salixj  species. 
Salix^  81>ecie8. 
Pjpulue  trenwhides.* 
Pi>ulu9  FremontU,* 
B^nduB  triehoearpa.* 


PinuB  eonUnia.* 

PinuBponderoea.*  [fireyi,* 
PinuB  ponderoBo,  yar.  Jtf- 

PinuBjUxUiB.* 
PinuB  BcUfouriantu* 
PlnuB  Sabiniana,* 
PinuB  tvberculata.* 
PinuB  montieola,* 
PinuB  Lambertiana.* 


AbieB  concolor,* 
AbieB  magnifioa,* 
AbieB  nobUiB.^  {liamB(mi^* 
Tauga  HookeH  {Abiea  WU- 
Paettdoteuga  Dtyuglaeii.* 
Sequoia  gtganiea.* 
lAbocedrua  decurrena,* 
Taxua  brev\folia.* 
Torreya  Califomica.* 
Jwtipertu  oceidentalia,* 


78  species. 

47  K^nera. 

19  timber  trees. 
6  small  trees. 

48  shrubs. 


88  species. 
26  genera. 
10  timber  trees. 
28shrabs. 


89  species. 
51  genera. 
81  timber  trees. 
4  small  trees. 
64  shnibs. 
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The  following  species,  fourteen  in  number,  are  common  to 
the  three  Regions: 

Acer  gldbrum.  Ribea  attreum, 

Wvu8  aromaiicaj  var.  Comus  pubescens. 

Ptwnvs  demiasa.  Sambueus  glauca. 

SpircM  discolor,  var.  Lonicera  invohbcrata. 

Cercocarpua  ledifoUus.  FoptUve  tremuioides, 

AmdancMer  dhii/blia,  Pinusflexilis. 

Bibes  cereum,  JPinua  Bal/ovriana. 

The  following  species,  twelve  in  number,  are,  in  addition  to 
tbose  named  above,  common  to  the  Rocky  Mt  and  Sierra  Ne- 
vada Regions : 

Ii?ittmnua  CkUffomica,  Alntu  tncana. 

yi^Uia  optUi/Ma.  Pinua  contorta. 

Cercocarpus  parvifoUus,  Pinus  ponderoea, 

Pyrus  samhucifolia.  AUe»  concoior, 

Bibes  lepianihwn.  Fseudotsuga  DouglasiL 

Sanibucus  racemoaa,  Jwiiperua  occidentaUs. 

All  the  species  of  the  Nevada  R^on  extend  into  the  Rocky 
Mt  Region  with  the  exception  of  the  following  ten  species: 

Berberis  PremontiL  Shepfierdia  roUmdifblia, 

Pnvmts  Andersonii,  Spirostaehys  occidentaUs. 

Spircea  JftU^lium,  Poptdtu  trichocarpa. 

Boaa  Ccdifomica^  var.  Pinus  monophyUa. 

Draxinus  anomcda.  Jwtiperus  Cai%fomica,  var. 

Populus  trichocarpa  is  the  only  species  (with  possibly  the  two 
willows)  of  the  Nevada  Region,  which,  in  addition  to  the  four- 
teen species  common  to  the  three  Regions,  extends  into  the 
Sierra  Nevada.  So  that  fifteen  species  of  the  Nevada  Region 
reach  the  Sierra  Nevada  Region,  while  twenty-eight  species  ex- 
tend into  the  Rocky  Mountain  Region,  leaving  but  ten  species 
peculiar  to  the  Nevada  Region.  Of  these  Fraxinus  anomala 
and  Shepherdia  rotundifolia  are  endemic ;  the  other  eight  spe- 
cies extending  south  into  Arizona. 

The  foUowmff  genera  common  to  the  Sierra  Nevada  and  At- 
lantic Forests,  have  no  representatives  in  the  mid-continental 
Flora: 


CaJlycanihus, 

Leucothoe. 

Tsuga. 

j&culus. 

Rhododendron, 

Tbrreyo. 

Cerds, 

Styrax, 

Cephakmthus. 

Myrica. 

The  following  genera  of  the  Sierra  Nevada  Region  have  no 
Eastern  I'epresentatives : 

IVemoniia,  Oarrya.  Castanopsis. 

Adenostoma.  Eriodietyon,  Sequoia, 

Heieromeles,  Umbeliaria.  Libocedrus, 
Carpenteria, 

The  absence  of  arbor^cent  and  frutescent  Leguminosoe  from 
the  three  Regions,  where  herbaceous  genera  of  this  order  are 
so  largely  represented,  is  remarkable,  especially  as  they  abound 
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farther  south  in  New  Mexico  and  Arizona,  In  the  Rocky  Mt 
Region  there  is  a  single  representative  of  this  order,  a  Robinia 
nearly  allied  to  those  of  the  Eastern  States ;  in  the  Nevada 
Region  there  is  not  a  single  frutescent  Leguminosa^  and  in  the 
Sierra  Nevada  but  one  species,  a  large  shrubby  Cerds.  On  the 
contrary  the  number  of  genera  of  frutescent  Rosaceas^  many  of 
them  endemic  and  monotypic,  is  very  large  in  proportion  to 
other  Angiospermce.  In  the  Rocky  Mt  Region  there  are  thir- 
teen genera  with  nineteen  species;  in  the  Nevada  Region 
seven  genera  with  ten  species ;  in  the  Sierra  Nevada  Region 
eleven  genera  with  thirteen  species;  in  all,  fourteen  genera 
with  twenty-eight  species.  In  all  the  United  States  east  of 
the  Mississippi  River  there  are  but  ten  woody  Rosaceous  genera, 
all  represented  in  our  three  Regions  with  the  exception  of  the 
Southern  Chrysobalanus  and  Nevittsta. 

The  comparison  of  these  three  Regions  with  reference  to  the 
distribution  of  the  oaks  will  show  how  dependent  these  are  on 
moisture.  Oaks  abound  in  both  the  Atlantic  and  Pacific  for- 
ests, while  in  the  Rocky  Mt  Region  there  is  but  a  single,  ex- 
ceedingly polymorphous  species,  which  does  not  reach  the  Ne- 
vada Region,  where  no  oak  is  known ;  nor  has  this  genus,  so 
far  as  I  know,  any  foot  hold  on  the  dry  eastern  slope  of  the 
Sierra  Nevada.  A  few  insignificant  species  extend,  however, 
along  the  mountains  of  Arizona  and  New  Mexico,  where  the 
precipitation  of  moisture  is  more  regularly  distributed  than  far- 
ther north,  and  serve  to  connect  the  oaks  of  the  Pacific  with 
those  of  the  Atlantic  forests. 

The  absence  of  Pinus  ponderosa  from  the  Nevada  Region  is 
remarkable.  This  species  abounds  in  all  the  Rocky  Mt.  Re- 
gion, and  extends  through  New  Mexico  and  Arizona  to  the 
Sierra  Nevada,  where,  on  the  dry  eastern  slope,  it  constitutes 
in  some  of  its  forms  fully  three-quarters  of  the  forests.  It 
might  therefore  hb  naturally  looked  for  on  some  of  the  higher 
mountains  of  Central  Nevada,  where,  however,  it  has  not  yet 
been  seen. 

Pseudotsuga  Douglasii,  which  also  abounds  in  the  Rocky  Mt 
Region,  and  on  the  higher  mountains  of  New  Mexico  and  Ari- 
zona, does  not  enter  the  Nevada  Region.  This  is  less  remark- 
able, perhaps,  than  the  absence  of  Pinus  ponderosa^  as  this  tree 
does  not  appear,  in  any  numbers  at  least,  on  the  eastern  slope 
of  the  Sierras,  and  only  reaches  its  noblest  development  in  the 
humid  climate  of  the  northwest  coast 

Juniperus  Virginiana^  the  most  widely  distributed  of  North 
American  trees,  ran|2;es  from  the  Saint  Lawrence  River  to  Flor- 
ida, and  from  the  Atlantic  to  the  Northern  Pacific.  It  does  not, 
however,  enter  the  Sierra  Nevada  Region,  and  is  extremely 
rare  in  Nevada. 
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Art.  LIV.  —  On  Ethylidenamine  Silver  Sulphate ;  by  W.  G. 
Mixter.  Contribations  from  the  Sheffield  Laboratory  of 
Yale  College,  No.  LVL 

Aldehyde  ammonia  precipitates  metallic  silver  from  many 
of  its  salts  almost  as  readily  as  from  the  nitrate.  A  mixture 
of  solutions  of  silver  sulphate  and  aldehyde  ammonia  produces 
a  mirror  when  warmed,  and  at  common  temperatures  evapo- 
rates to  dryness,  with  but  slight  decomposition.  The  fact  that 
a  sulphate  solution  decomposed  less  readily  than  the  nitrate  led 
to  the  hope  that  an  investigation  of  the  sulphate  compound 
would  throw  more  light  on  the  constitution  of  silver  amines. 
The  first  experiments  were  made  with  ammoniacal  aqueous 
solutions  of  silver  sulphate  and  aldehyde  ammonia.  Analyses 
proved  the  crystalline  product  to  be  a  mixture.  Alcoholic 
ammonia  was  next  used  as  a  solvent,  and  the  analysis  of  the 
first  crop  of  crystals  showed  nearly  pure  Ag,SO^(NHj)^,  0*6 
per  cent  of  carbon  was  found  and  a  solution  of  the  crystals 
reacted  for  aldehyda  Aqueous  solutions  of  silver  sulphate 
and  a  lai-ge  excess  of  aldehyde  ammonia,  over  four  molecules  of 
the  latter  to  one  of  the  former,  yielded  either  mixtures  or  ammo- 
nio  silver  sulphate.  When,  however,  aldehyde  ammonia  is 
dissolved  in  a  small  quantity  of  water,  and  silver  sulphate,  in 
the  proportion  of  one  molecule  of  the  latter  to  four  molecules 
of  the  former,  is  slowly  added  with  constant  agitation ;  and  after 
some  hours  the  small  black  residue  filtered  off  and  the  solution 
left  to  spontaneous  evaporation,  few  or  no  crystals  of  the  ammo- 
nio  sulphate  form,  but  colorless  transparent  crystals  separate, 
which  react  strongly  for  aldehyde.  At  summer  temperatures 
tabular  crystals,  and  at  from  10^  to  15^  C.  elongated  crystals, 
predominate. 

The  following  analyses  were  made  of  carefully  selected  and 
well-defined  tabular  crystals,  which  were  from  2  to  6™"  in 
diameter,  and  which  were  freed  as  much  as  possible  from  the 
mother  liquor  by  blotting  paper,  then  washed  with  alcohol 
and  finally  with  ether.  They  were  considered  dry  when  they 
did  not  lose  weight  on  the  balance  in  five  or  ten  minutes. 


Calculated  for 

Calculated  for 

Ag,SO,(0 

.H,NH), 

I. 

n. 

HL  Ag,80,(C.H,NH)a 

S 

6-61 

6-68 

NH, 

Ag 

44-64 

44-55 

2 

48-60 

2 

4603     2         4710 

C 

19-83 

18-13 

7-4 

15-90 

5-9 

16-27     6-2      15-72 

H 

4-13 

4-62 

4-14 

4-81                  3-96 

N 

11-57 

11-28 

12-20 

«  ♦ 

♦  ♦  ♦ 

♦  «  ♦ 

%  ♦ 

♦  ♦  ♦ 

♦  ♦ 

♦«♦     ♦♦      •♦♦ 

8HjjO 

10-04 

10-24 

10-60 

10-39                10-15 
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Oalculated  for 
Ag,SO4(0,H^NH),NH,3H,O 

rv.  V. 


Ag 

42-20 

42-08 

2 

41-08 

2 

41-07     2 

C 

14-06 

13-92 

6-9 

14-73 

6-4 

14-77     6-4 

H 

4-69 

4-91 

4-88 

N 

10-90 

10-64 

*  * 

•  *  ♦ 

♦  ♦  ♦ 

♦  ♦ 

♦  *  « 

♦  • 

♦  ♦  ♦     ♦  « 

3H,0 

10-15 

10-20 

The  following  results  were  obtained  from  crystals  of  an 
entirely  diflferent  habit  from  those  used  in  the  preceding  analy- 
ses, many  of  the  crystals  were  one  or  two  centimeters  long,  4  or 
5iDin  wide,  and  1  to  3*"™  in  thickness.  They  were  freed  from 
the  mother  liquor  in  the  manner  already  described. 

Calculated  for  Calculated  for 

Ag,S04(C,H^NH)46H,0     VI.     Ag,S04(C«H,NH)4  VH. 

5-40  5-26  1 


Ag     36-48  36-12  2  44-64  44-70  2        4389  2 

C       16-21  15-66  7-8       19-83  18-72  7-6     1879  7*6 

H         5-41  5-6  4-13  4-43  4-52 

N         9-46  9-06  3-9 

6H,0    18-24  17-29  17*67 

The  atomic  relations  between  the  silver  and  carbon  found  are 
expressed  by  the  figures  following  the  percentages.  The  com- 
bustion for  I  was  with  lead  chromate,  and  this  carbon  result 
may  be  too  low,  as  subsequent  duplicate  combustions  on 
another  lot  of  crystals  gave  variations  of  1  per  cent  of  carbon. 
All  the  other  combustions  were  made  witu  oxygen,  copper 
oxide,  lead  chromate  and  metallic  copper.  The  silver  in  I  and 
VI  was  weighed  as  chloride,  and  the  other  silver  estimations 
were  from  weighing  the  residue  left  in  the  tray  after  the  com- 
bustions, a  method  necessitated  by  the  small  quantity  of  mate- 
rial available  The  duplicate  YII  shows  the  possibility  of 
a  mechanical  loss.  An  error  of  1  per  cent  in  the  silver  found 
makes  but  a  small  diflference  in  the  atomic  ratio  between  the 
silver  and  carbon,  since  the  atomic  weight  of  the  former  is  high. 
The  sulphur  was  precipitated  as  barium  sulphate,  and  the 
nitrogen  as  ammonium  platinic  chloride,  after  separating  the 
silver  with  hydrochloric  acid.  The  water  was  determined  by 
drying  over  oil  of  vitriol  or  caustic  potash.  A  drop  of  sulphu- 
ric acid  on  a  watch  glass  in  the  potash  desiccator  showed  that 
there  was  a  slight  loss  of  ammonia  on  drying.  The  weights  of 
substance  for  VI  from  one  crop  of  crystals  were  made  rapidly. 
0-7895  gram  was  at  once  placed  in  the  combustion  tube  whose 
anterior  half  was  red  hot;  0*438  gram  was  next  put  into  water  for 
the  nitrogen  estimation,  and  finally  0*533  gram  of  crystals,  which 


Digitized  by 


Google 


W.  G.  Mtxttr — Eihylidenamine  Silver  Sulphate.         429 

had  become  opaque  white  on  edge,  were  dried  to  a  constant 
weight  for  the  water  determination,  and  then  used  to  find  the 
sulphur  content  The  17*67  per  cent  of  water  in  VII  was  from 
drying  2*87  grams  of  crystals  which  had  also  become  opaque 
while  on  edg^ 

Analysis  VI  corresponds  with  the  theory,  and  the  anhy- 
drous material  used  in  VII  was  from  the  same  kind  of  crystals. 
The  deficiency  in  the  amount  of  carbon  found  may  be  ascribed 
either  to  impurities  or  a  slight  decomposition.  I  after  losing 
water  of  crystallization,  has  essentially  the  same  composition  as 
VIL  Both  I  and  VI  are  hydrates  of  a  compound  analogous 
to  ammonio  silver  sulphate,  thus, 

Ag.SOJNHa), 

Ag,SO.(CH,CH=NH)-,  3H»0 
Ag,S0^(CH3CH=NH)^,  6H,0 

The  name  ethylidenamine  silver  sulphate  is  proposed  for  the 
present 

Analysis  IV  was  made  with  hydrous  crystals,  and  11  with 
anhydrous  substance  from  the  same  crop  of  crystals  which  were 
apparently  of  the  same  form  as  the  crystals  which  gave  results  I. 
n  and  rV,  give  the  formula, 

AgaSOJCH3CH=NH)3NH„  SH.O. 

Leaving  out  the  8H,0  we  see  that  the  substance  has  the  same 
composition  as  a  mixture  of  8  molecules  of  Ag,S04(C,H^NH)^ 
and  one  molecule  Ag,S04(NH3)4.  But  if  we  suppose  it  a 
mixture  of  Ag,SO,(C,H,NH)„  8H,0  and  Ag.SO.CNH,), 
we  find  that  the  water  is  8'1  per  cent  and  does  not  accord  with 
the  water  found,  and  the  conclusion  is  that  the  substance  anal- 
yzed was  not  a  mixture,  but  a  compound  containing  three 
ethyliden  groups,  and  answering  to  the  formula  already  given. 
ni  and  V  of  two  diflferent  crops  of  crystals  appear  to  be  mix- 
tures of  Ag  SO^C,H,NH)„  8H,0  and  Ag,SO,(C,H,NH), 
NH3,  8H,0.  Ethylidenamine  silver  sulphate  is  soluble  in 
water  and  yields  aldehyde  when  treated  with  acids.  The  hex- 
hydrated  salt  loses  water  more  readily  in  dry  air  than  the  trihy» 
drated. 
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Art.  LV. — NoUa  on  the  Satellites  of  Saturn;  by  Maria 
Mitchell. 

Thb  object  glass  of  the  telescope  used  in  the  observations 
which  follow  is  of  twelve  and  one-third  inches  diameter.  Its 
definition  is  good. 

The  telescope  is  used  in  such  observations  as  its  very  imper- 
fect mechanism  will  allow ;  these  are  observations  of  the  con- 
junctions of  the  satellites  with  the  edge  of  Saturn's  ring,  of 
size  and  color,  and  of  difi'erences  of  ri^ht  ascension. 

The  last  are  made  by  connecting  with  the  chronograph,  and 
recording  the  time  of  passage  of  the  satellites  over  a  fixed  wire. 

In  the  course  of  these  observations  such  diiferent  relative  mag- 
nitudes have  been  given  to  the  small  satellites,  on  diflFerent  even- 
ings, as  to  lead  to  the  suspicion  that  some  of  them  are  variable. 

The  sparkle  of  Tethys  and  the  grayish  blue  color  of  Rhea 
make  it  seem  unlikely  that  small  stars  can  have  been  taken  for 
these  two  satellites;  m  the  case  of  Enceladus  and  Dione  mis- 
takes are  more  easily  made;  but  the  rapid  motion  of  Enceladus 
soon  establishes  its  identity.  The  most  noticeable  changes  are 
in  Bhea. 

In  1877,  Rhea  is  recorded  as  small  on  Nov.  80th ;  as  dull 
on  Dec.  8d ;  as  blurry  and  large,  Dec.  14th ;  and  as  ruddy,  Dec. 
18th.  In  1878  Rhea  is  recorded  as  faint  Oct.  8d  and  Oct  16th ; 
as  bright  on  Oct  26th,  and  on  Dec.  8d  it  is  called  nearly  as 
bright  as  Titan. 

1877,  Oct  6. — ^Rhea  was  in  conjunction  with  the  preceding 
edge  of  the  ring  at  8*»  58"  29«  p.  m.  Two  small  satellites  follow- 
ing the  planet  were  in  conjunction  at  the  same  time ;  the  smaller 
one  moved  rapidly  toward  the  ball 

1877,  Oct  6. — ^Two  small  satellites  were  nearly  in  conjunction 
with  the  edge  of  the  preceding  ring  at  9*»  28"  p.  m.  The  smaller 
of  these  was  probably  Dione ;  the  larger  may  have  been  a  star. 

1877,  Oct  9. — 10^  8"  p.  M.  Tethys  is  moving  away  from  the 
ball  and  has  passed  conjunction  with  the  ring.  Another  satellite, 
probably  Enceladus,  is  coming  in,  and  is  nearly  up  to  conjunction 
with  the  following  edge  of  the  ring. 

1877,  Oct  13. — At  10  p.  M.,  two  small  satelhtes  were  seen  to  be 
nearly  together  following  Saturn,  the  space  between  them  being 
l"-6.  At  10**  53"  31",  the  two  satellites  could  not  be  separated  with 
a  power  of  400.  The  two  were  of  the  same  size.  At  11^  20"  31% 
the  satellites  could  be  seen  separated.  These  may  be  Tethys  near 
greatest  elongation,  and  Enceladus  approaching  the  planet. 

1877,  Oct  14. — Rhea  was  in  conjunction  with  tne  preceding 
edge  of  the  ring  and  above  the  ring  at  9*»  9"  30". 

1877,  Oct.  28. — Rhea  was  again  m  conjunction  with  the  preced- 
ing edge  of  the  ring  and  above  it,  at  10*»  29"  22". 
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1877,  Nov.  6. — Tethys  was  in  oonjuDCtioD  with  the  preceding 
edge  of  the  ring  at  9»»  31°*  30*. 

1877,  Nov.  7.— Tethvs  was  in  conjunction  with  the  following 
edge  of  the  ring  and  above  the  ring  at  9**  22"  SO*. 

1877,  Nov.  13. — Dione  was  in  conjunction  with  the  following 
edge  of  the  ring  at  8*»  44"»  6». 

1877,  Nov.  14. — Titan  was  in  conjunction  with  the  preceding 
edge  of  the  ring  at  8*»  7°»  6*. 

1877,  Nov.  16. — Enceladus  was  in  conjunction  with  the  follow- 
ing edge  of  ring  and  beneath  it  at  9**  61°^  6*. 

1877,  Nov.  17. — ^The  seeing  was  excellent.      Two  satellites, 

Erobably  Tethys  and  Enceladus,  were  seen  as  one  at  6**  29"*  24», 
1  twenty  minutes  they  had  separated  3".  Rhea  was  in  conjunc- 
tion with  the  following  edce  of  ring  at  6^  46"  21*  and  3"  below 
the  ring.  Dione  was  nearly  at  conjunction  with  the  preceding 
edge  ol  ring  at  7  p.  m. 

1877,  Nov.  30.— Titan  was  in  conjunction  with  the  preceding 
edge  of  the  ring  at  7*»  17"  1'.  A  small  satellite  (Tethys?)  a  little 
past  conjunction  and  above  the  ring  at  8**  10". 

1877,  Dec.  12. — ^Tethys  was  in  conjunction  with  the  preceding 
•  edge  of  the  ring  and  below  it  at  6*»  48"  49». 

1877,  Dec.  14. — ^A  small  satellite  preceded  the  ring  by  one  and 
three-fifths  the  measurement  of  the  preceding  ansa.  Was  this 
Mimas  ?    The  time  was  7**  34". 

1877,  Dec.  16. — Titan  was  in  conjunction  with  the  preceding 
edge  of  the  ring  at  6**  19"  86». 

1878,  Jan.  12. — b^  60"  to  6  p.  m.  The  ring  of  Saturn  appeared 
as  a  line.  Titan  preceded  the  planet  and  three  small  satellites 
followed,  two  of  them  estimated  to  be  a  second  of  arc  only  asunder. 
The  distance  from  the  following  edge  of  the  rine  to  the  two 
satellites  so  closely  together  was  nearly  twice  that  from  the  ball 
to  the  edge  of  the  ring. 

1878,  Jan.  16. — Observations  began  at  4*»  60"  p.  m.  The  ring 
was  seen  as  a  line  at  6^  12",  its  following  portion  being  seen  first. 
A  bright  spot  was  seen  on  this  portion  of  the  ring. 

1878,  Jan.  18. — The  night  was  very  fine,  and  at  6  p.  m.  the  ring 
could  be  seen  as  a  ring.  The  preceding  jportion  of  the  ring  was 
sharper  than  that  following.  On  the  following  portion  a  bright 
spot  was  seen. 

1878,  Jan.  29. — At  6^  26"  p.  m.  the  ring  could  be  seen  as  a 
bright  line  across  the  planet.  Titan  preceded  the  planet  and  four 
satellites  followed.  At  6^  40"  a  very  faint  satellite  was  seen 
(Tethys  ?)  nearly  up  to  conjunction  with  the  ring  and  moving 
toward  the  ball 

1878,  Feb.  7. — 6^  30"  p.  m.  Points  of  light  could  be  seen  pre- 
ceding Satnm,  but  the  continuity  of  the  nng  could  not  be  kept. 
A  small  point  of  light,  possibly  a  satellite  preceded  the  ring. 
Rhea  and  Titan  followed  the  planet. 

1878,  Oct  3. — 8*»  40"  p.  M.  Two  satellites,  supposed  to  be  Rhea 
and  Dione,  are  nearly  in  conjunction  and  preceding  the  planet. 
Two  others  follow,  Tethys  moving  out  and  Enceladus  (?)  nearly 
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at  conjunction  with  the  ring.     Of  the  four  satellites,  Tethys  is  the 
brightest. 

1878,  Oct.  16. — ^Titan  was  in  conjunction  with  the  edge  of  the 
following  ring  at  1^  38" ;  above  the  ring. 

1878,  Oct.  24. — ^Titan  was  seen  emerging  from  the  ball  of  Saturn 
at  9**  16*°  30».  7**  p.  M. — A  very  faint  satellite  was  seen  by 
glimpses,  following,  nearly  in  conjunction  with  the  ring. 

1878,  Oct  26,  7  P.  M. — fitan  and  another  satellite  supposed  to 
be  Rhea  were  nearly  in  conjunction  separated  by  7".  A  very 
small  satellite  precedes  the  tip  of  the  ring. 

1878,  Oct.  28. — Tethys  was  in  conjunction  with  the  edge  of  the 
following  ring  and  below  at  7^  37™  p.  m. 

1878,  Oct  29. — Tethys  was  nearly  at  conjunction  with  the  pre- 
ceding ring  and  above  at  7  p.  m. 

1878,  Nov.  9. — ^At  8^  18"  3»  Titan  was  seen  to  emerge  from  the 
planet  It  was  wholly  detached  from  the  planet  in  twenty 
minutes.  At  9^  25"  p.  m.,  a  small  satellite  was  seen,  nearly  at  con- 
junction with  the  following  ring. 

1878,  Nov.  13. — Six  small  bodies  preceded  Saturn.  Of  these, 
Titan,  Rhea,  Tethys  and  Dione  could  be  identified.  At  7^  48" 
p.  M.  the  satellite  supposed  to  be  Rhea  is  distant  from  the  preced- 
ing ring  6",  Tethys  is  distant  1". 

1878,  Nov.  14.— 7**  30"  p.  M.  A  very  small  satellite  follows 
Saturn,  distant  about  3". 

1878,  Nov.  26. — Titan  and  a  satellite  supposed  to  be  Rhea  were 
asunder  6"  3'  at  7^  22".  If  this  satellite  was  Rhea,  it  was  un- 
usually bright.  Tethys  and  a  very  faint  satellite  precede  Saturn, 
the  latter  is  probably  £nceladus. 

1878,  Nov.  29.— At  6*»  16"  p.  m.  a  small  satellite  preceded 
Saturn  and  three  others  followed.  Of  those  following,  that  which 
was  nearest  to  Saturn  could  not  be  found  at  9  p.  m.,  and  the  second 
in  distance  from  Saturn  had  moved  in ;  the  latter  was  probably 
Tethys. 

1878,  Deo.  8. — ^Dione  was  in  conjunction  with  the  following 
edge  and  above  the  ring  at  7**  46"  84»  p.  if.  A  small  satellite 
was  seen  by  glimpses,  following  at  a  distance  of  6"  from  the  ring. 

1878,  Dec.  6.— At  6**  26"  a  small  satellite  followed  Saturn 
distant  f  from  the  edge  of  the  ring.  This  satellite  could  not  be 
found  at  7**  66"  although  the  seeing  was  much  better.  At  7**  56" 
a  small  satellite  having  the  peculiar  sparkle  of  Tethys,  was  seen  a 
little  beyond  the  following  edge  of  the  ring,  and  moving  away 
from  the  ball. 

1878,  Dec.  13. — ^Titan  and  three  small  satellites  precede  the 
planet,  probably  Rhea,  Tethys  and  Dione.  Of  the  three,  Tethys 
IS  the  brightest  at  6**  57".  It  moves  away  from  the  ball.  At 
8^  67"  two  of  these  satellites  could  not  be  separated  with  a  power 
of  230.     I  suppose  them  to  be  Tethys  and  Rnea. 

1878,  Dec.  16. — 9**  6"  p.  m.  Tethys  was  nearly  up  to  coniunc- 
tion  with  the  ring;  moving  toward  the  ball.  Rhea  was  large 
and  dull  in  color. 

Observatory  of  Vaesar  College.  ) 


Longitude  from  Greenwich,  4''  56"»  33'J 
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Art.  LVL — On  the  Force  of  Effective  Molecular  Action;  by 
Professor  W.  A.  Norton. 

[Continued  from  page  358.] 

For  the  critical  curve  the  molecular  repulsion  has  very 

nearly  the  constant  value,  0*0052^,  from   a;=8r  to  x=7'5r; 

and  according  to  Dr.  Andrews,  the  pressure  of  condensation 
at  the  criticS  point  for  carbonic  acid  gas  was  seventy-five 
atmospheres.      These  data  give  for  the   molecular  repulsion 

Tn 

answering  to   one  atmosphere,  "^=0-0000698--5-.    This 

76 
should  then  be  the  value  of  the  minimum  repulsive  ordinate, 
that  obtains  when  x=8r,  in  the  curve  for  water  at  the  point  of 
ebullition  (212'*  F.).  This  result  gives  for  this  curve  A:=4-981. 
In  this  curve  the  same  molecular  repulsion  occurs  again  at 
x=115r.  Now  taking  1581  for  the  ratio  of  expansion  by 
volume  of  water  converted  into  steam  at  212®  F.,  and  for  the 
distance  between  the  effective  molecules  of  the  steam,  115r, 
and  putting  y=  distance  of  the  inner  surface  of  the  effective 
envelope  from  the  center  of  the  molecule,  I  have 

115r+2r+2y         -— - 

8r+2r+2y    -V1681; 

which  gives  y=2-76r.  This  calculation  proceeds  on  the  sup- 
position that  the  effective  molecules  have  the  same  size  in  the 
vaporous  as  in  the  liquid  state,  but  theoretically  they  should 
be  larger ;  and  we  shall  see  in  the  sequel  that  the  probable 
value  of  the  diameter  of  the  molecules  of  steam  is  42-26r.  If 
we  adopt  this  estimate,  the  ratio  of  expansion  by  volume,  1581 
to  1,  gives  for  the  diameter  of  the  liquid  molecule  at  212*^  F., 
10-5r. 

Let  us  now  see  how  far  the  well  known  laws  of  gases  may  be 
deduced  from  our  molecular  formula. 

(1).  Avogadros  LaWj  relative  to  the  simple  gases ;  that  all 
simple  gases  contain  in  the  same  volume,  at  the  same  pressure 
and  temperature,  the  same  number  of  ultimate  molecules. 
This  law  follows  from  the  fact  that  for  the  large  distances 
between  conti^ous  molecules,  that  obtain  in  gases,  the  effec- 
tive repulsion  is  very  nearly  the  same  at  the  same  distance  for 
all  the  values  of  k  that  can  answer  to  the  different  gases; 
together  with  the  large  size  of  the  effective  gaseous  molecules. 
The  entire  possible  range  of  value  for  A,  for  gases  and  vapors, 
is  from  0  to  4*984 ;  since  it  is  only  between  these  limits  that 
the  effective  molecular  force  is  repulsive  at  all  distances.  We 
Am.  Jocjb.  Soi.— Thibd  Sibibs,  Vol.  XVII,  No.  102.— Juke,  1879. 
30 


Digitized  by 


Google 


434      TT.  A.  Norton — Force  of  Effective  Molecular  Action. 

have  already  seen  that  wheni=4*981,  and  aj=116r,  the  effec- 
tive repulsion  is  0*0000698p ;  and  that  this  answers  to  one 
atmosphere  of  external  pressure.  When  i=0  and  a;=115r,  the 
effective  repulsion  is  0*00007661p ;  and  the  distance  x  at  which 
the  repulsion  becomes  0*0000693^  is  120r.  But  the  distances 
between  the  centers  of  the  molecules  must  be  much  greater 
than  these  values  of  x.  It  will  soon  appear  that  the  law  of 
Mariotte  requires  that  the  radius  of  the  enective  gaseous  mole- 
cule, under  a  pressure  of  one  atmosphere,  be  not  less  than  Sir. 
This  gives  for  the  distance  between  the  centers  of  the  mole- 
cules, under  this  pressure,  177r  when  A:=4*981 ;  and  182r  when 

4=0.  Now  (|^y= 1-086.  This  is  the  highest  ratio  of  vol- 
umes of  two  simple  gases,  under  atmospheric  pressure,  that 
would  be  theoretically  possible ;  unless  the  effective  size  of  the 
molecules  be  supposed  to  diminish  as  k  increases.  But  this  is 
only  an  ideal  extreme  result.  It  will  appear  in  the  sequel  that 
the  values  of  k  for  the  simple  gases,  oxygen,  hydrogen  and 
nitrogen,  for  which  Avogadro's  law,  for  a  constant  pressure  and 
temperature,  has  been  experimentally  established,  are  included 
within  narrow  limits  (probably  2  and  8).  It  thus  becomes 
apparent  that  the  extreme  ratio  of  the  number  of  molecules  in 
the  same  volume  cannot  exceed  lOlS,  and  may  be  much  less. 

(2.)  Avogadro^s  Law^  relative  to  compound  gases ;  that  the 
same  volumes  of  these  gases  contain  the  same  number  of  mole- 
cules, and  the  same  number  as  equal  volumes  of  the  simple 
gases.  The  ordinarv  physical  conception  is  that  compound 
molecules  are  formed  by  the  union  of  simple  molecules,  or  of  a 
certain  number  of  their  constituent  atoms,  and  that  these  oc- 
cupy the  same  volume  that  the  simple  molecules  did.  In  some 
instances  of  chemical  combination  it  necessitates  the  supposi- 
tion that  the  formation  of  each  new  compound  molecule  is  a 
result  of  the  breaking  up  of  several  molecules  of  the  combining 
substances.  It  also  involves  the  improbable  hypothesis  that 
the  space  physically  occupied  by  a  molecule  is  wholly  in- 
dependent 01  the  number  of  its  constituent  atoms.  Upon 
the  conception  of  variable  ultimate  molecules  adopted  in 
this  and  my  previous  paper,  Avogadro's  law  simply  im- 
plies that  in  the  act  of  combination  the  effective  molecules 
suffer  a  certain  diminution  of  size,  by  the  collapse  of  their 
envelopes.  The  same  number  of  atoms  may  tnus  physi- 
cally occupy  the  same  volume  as  if  thev  were  closely  to  unite 
and  form  a  compound  molecule,  upon  the  ordinary  hypothesis. 
Thus  in  the  formation  of  aqueous  vapor  by  the  combination  of 
two  volumes  of  hydrogen  with  one  volume  of  oxygen,  formine 
two  volumes  of  the  compound,  a  condensation  of  the  individual 
molecules  would  take  place,  and  as  the  result  two  ultimate 
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molecules  of  hydrogen  and  one  of  oxygen  would  occupy  the 
same  volume  tnat  three  molecules  of  either  gas  did  before  the 
combination.  It  is  to  be  observed,  in  confirmation  of  this  view 
of  the  process  of  combination,  that  the  reduction  in  the  size  of 
the  effective  molecules,  would  be  attended  with  an  increase  in  the 
ratio  A:,  and  a  consequent  increase  in  the  value  of  the  attractive 
term  in  equation  (1),  for  the  same  value  of  x  (or  graphically, 
a  rise  of  the  curve  of  effective  molecular  action ;  see  fig.  8). 

The  compound  should  therefore  be  a  more  condensable  gas, 
or  vapor.  We  have  already  obtained  for  aqueous  vapor,  at 
212°  F.,  Ar=4-981 ;  and  it  will  apoear  hereafter  that  for 
oxygen,  hydrogen,  or  nitrogen,  the  value  of  k  must  fall  below 
4,  and  is  probably  near  2.  To  obtain  the  theoretical  size  of  the 
effective  molecules  of  aqueous   vapor,  we  have  the  equation 

— — .  ,  =  v/ i .  This  gives  y'=42'25r,  and  radius  of  mole- 
116r+y'  V^   2  o        ^ 

cule=2112r.  The  distance  between  the  centers  of  contiguous 
molecules  will  be  157*25r.  In  this  equation  118r  is  the  dis- 
tance between  contiguous  molecules  of  oxygen  or  hydrogen  be- 
fore condensation,  and  answers  to  i=2,  nearly ;  and  62r  is  the 
diameter  of  one  of  the  molecules  (see  page  436) :  1 15r  is  the 
distance  between  the  same  molecules  after  the  condensation  into 
aqueous  vapor ;  when  k  has  been  increased  to  4*931. 

In  all  combinations  of  simple  gases  the  degree  of  condensa- 
tion that  occurs  is  expressed  by  the  ratio  of  the  number  of 
atoms  in  the  *' compound  molecule,"  as  shown  by  the  ordinary 
molecular  formula,  to  2,  the  assumed  number  of  the  constitu- 
ent atoms  of  **  the  molecule  "  of  a  simple  gas.  In  this  state- 
ment it  is  supposed  that  the  constituent  gases  before  combina- 
tion are  in  the  perfect  gaseous  condition,  like  oxygen,  or  hy- 
drogen, and  that  the  compound  gas  has  the  temperature  at 
which  it  is  in  a  similar  condition  ;  so  far  as  these  two  supposi- 
tions are  implied  in  Avogadro's  law. 

Mariotie's^  or  Boyle's  Law,  of  the  uniform  compressibility,  by 
volume,  of  gases  under  increasing  pressure.  Upon  the  present 
theoiT  this  Taw  should  obtain  if  the  effective  molecular  repul- 
sion be  inversely  proportional  to  the  volume  occupied  by  the 
same  number  of  molecules,  or  to  the  cube  of  the  distance  between 
the  centers  of  contiguous  molecules.  For  each  molecule  would 
then  be  the  center  of  a  system  of  recurring  impulses  propagated 
in  waves  by  the  interstitial  luminiferous  ether,  proportional  in 
intensity  to  the  number  (n)  of  molecules  in  a  unit  of  volume, 
and  every  line  radiating  from  any  point  of  the  enclosure  into 
the  body  of  gas  would  sensibly  intersect  a  molecule  at  a 
greater  or  less  distance.  To  obtain  the  entire  impulsive  action 
(P)  on  the  point  considered,  we  have  then  only  to  conceive  a 
hemisphere  traced  around  this  point,  and  that  all  the  points  of 
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its  surfece  are  centers  of  radiating  impulses  proportional  in 
intensity  to  n,  and  propagated  acoording  to  the  law  of  inverse 
squares.  P  should  then  be  proportional  to  the  intensity  of  the 
radiation  at  the  points  of  the  hemisphere,  and  therefore  to  n. 

Now  the  expression  for  the  eflfective  molecular  repulsion 
(equ.  1)  consists  of  two  terms  of  which  the  first,  or  attractive 
term,  becomes  relatively  very  small  at  the  molecular  distances 
that  obtain,  at  moderate  pressures,  in  gases  (p.  846).      The 

m 
repulsive  term,  — ,  gives,  then,  very  nearly  the  effective  force, 

at  such  pressures ;  and  more  nearly  in  proportion  as  the  ratio 

71 

—  is  smaller.  Mariotte's  law  should  then  be  satisfied,  for  con- 
tn 

m 
siderable  variations  of  pressure  if  the  term  —  should  vary  in- 

versely  as  the  cube  of  the  distance  (a;')  between  the  centers  of 

contiguous  molecules;  that  is,  if  — -f — y^.     K  we  denote  by  h 

the  radius  of  the  eflfective  molecule,  a;'=  x  +  2A.  As  we  are 
not  in  a  position  to  determine  k  priori  the  law  of  variation  of 
the  size  of  the  molecule  under  varying  pressures,  the  only 

alternative  is  to  adopt  the  hypothesis  that  — -i — 7-3,  deduce  a 

X         X 

series  of  values  of  the  diameter  2A,  of  the  eflfective  molecule 
that  shall  be  in  conformity  with  this  hypothesis,  and  then  test 
the  results  and  hypothesis  by  deducing  the  theoretical  devia- 
tions from  the  law  of  Mariotte  in  special  cases,  and  comparing 
them  with  the  deviations  experimentally  determined.     iNow  I 

find  that  the  hypothesis  that  -7-r-r;  is  satisfied  by  the  follow- 

X  Xr 

ing  values  of  2A,  viz:  6210,  6200,  61-26,  60*82,  58*96,  5712, 
54-70,  51-58,  47-54,  42-24,  85-14,  80-58,  24-74,  1689,  12-57,— 
answering  respectively  to  the  following  values  of  u  (equ.  2): 
120,  115,  100,  90,  80,  70,  60,  50,  40,  80,  20,  15, 10,  5,  and  8. 
Theoretically  one  gas  diflfers  from  another  in  the  value  of  i, 
and  the  larger  this  ratio  the  greater  should  be  the  deviations 
from  the  law  of  Mariotte,  which  strictly  is  fulfilled  only  when 
i=0,  and  so  the  attractive  term  in  our  formula  equal  to  zero. 
These  deviations  should  also  increase  as  the  pressure  increases, 
since  the  attractive  term  will  become  relatively  greater.  The 
more  permanent  simple  gases  (oxygen,  hydrogen,  etc.),  for 
which  the  law  of  Mariotte  nolds  good  over  the  greatest  ran^e 
of  pressure,  should  then  have  the  smallest  values  of  the  ratio  2; 
and  compound  gases  the  larger  values  (see  p.  485).  We  may 
now  assume,  as  a  basis  for  an  approximate  calculation,  that  the 
molecules  of  all  the  gases  have  equal  diameters  under  equal 


Digitized  by 


Google 


W.  A,  Norton — Force  of  Effective  Molecular  Action.      487 

pressures,  and  we  may  then  compute  for  any  supposed  value 
of  k  the  volume  that  should  obtain  under  any  supposed  pres- 
sure, and  compare  it  with  the  value  that  would  result  if  the 
law  of  Mariotte  were  strictljr  fulfilled.  Dr.  Andrews,  in  his 
Bakerian  Lecture  on  the  continuity  of  the  gaseous  and  liquid 
states  of  matter,  states  that  under  a  pressure  of  forty-nine 
atmospheres,  at  the  temperature  IS^'OO  C. ;  the  volume  of  car- 
bonic acid  gas  was  "  about  |  of  the  volume  that  Mariotte's  law 
would  give."  The  critical  temperature  of  the  gas  he  found  to 
be  30°'92  C,  and  we  have  seen  (p.  857)  that  for  the  critical  curve 
Jk=4-7.  This  gives  for  the  temperature  18°-09  0.  i=4-75  (very 
nearly).  Now  calculating  the  volume  for  this  value  of  k,  and 
under  a  pressure  of  49  atmospheres,  I  obtain  0*648  of  the 
volume  (V)  Mariotte's  law  would  give.  Experiment  gave 
0*60V.  By  what  has  already  been  stated  (p.  484),  the  actual 
diameter  of  a  molecule  of  carbon-dioxide,  under  the  pressure 
of  one  atmosphere,  should  be  less  than  62r,  the  diameter 
assumed  for  molecules  of  oxygen  and  hydrogen.     Taking  it 

52r,  I  have  deduced  from  the  hypothesis  that  — ;-= — 7^  another 

series  of  values  of  the  diameter  2A  ;  and  making  a  new  calcula- 
tion, I  find  the  theoretical  volume  =0*618V.  The  ratio  of 
condensation  from  the  perfect  gas  in  the  production  of  carbon 
dioxide  (see  p.  485)  would  lead  us  to  conclude  that  the  diameter 
of  the  molecule,  at  the  temperature  18° •09  C.  would  be  less 
than  50  (possibly  as  low  as  40).  Taking  it  at  40  I  obtain  by 
estimation  the  theoretical  volume  =0*58  V.  I  have  made  other 
similar  test  calculations,  with  the  aid  of  Dr.  Andrews*  experi- 
mental determinations  with  similar  results. 

Gay  Lussac^s  Law  of  the  uniform  variation  of  the  volume  of 
a  gas  under  constant  pressure,  as  well  as  of  the  elastic  force 
under  a  constant  volume,  resulting  from  a  change  of  tempera- 
ture. This  may  be  deduced  from  the  principle  which  gives 
Mariotte's  law,  that  the  molecular  repulsion  varies  inversely  as 
the  volume,  and  the  principle  that  it  is  directly  propor- 
tional to  the  coeflScient  of  repulsion  (m),  which  must  oe  propor- 
tional to  the  absolute  temperatura  We  have  already  seen 
that  the  elastic  pressure  of  a  gas  should  be  proportional  to  the 
molecular  repulsion  (F).  Now  for  the  range  of  pressure  for 
which  the  law  of  Mariotte  holds  good,  we  have 

-,  ^    m m'^Cm 

^— •^— ^— i^"-l?^8* 

The  volume  is  represented  by  «''.     If  as'  becomes  a/4-dx',  the 

volume  becomes  (a/ -V dx') » =a:' '  -f  Zx'^ dx'  (very  nearly).     Thus 

the  increase  of  volume  is  Zx'^dxf;  and  the  ratio  of  increase 

8a/*  etc' 

But  the  increment  dx'  is  due  to  an  increase  of  tem- 


a/» 
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perature,  and  must  answer  to  dm,  while  /  remains  constant 

Thus  dx'=^rr7^i  and  therefore  the  ratio  becomes 
8/5:  * 

dm'_<?m'_  dm 

For  the  case  in  which  the  volume  is  constant,  while  the  tem- 
perature rises, 

^=  ^  ;  and -^=^= -^= -. 

Thus  the  ratio  of  the  increase  of  volume  is  equal  to  the  ratio 
of  the  increase  of  elastic  pressure.  We  may  assume  that  from 
a  certain  absolute  temperature,  T,  m  increases  uniformly  for 
each  increment,  1**  of  temperatura     Let  t  denote  the  actual 

temperature  above  T  ;  then  m=cU,  and  —  =  ---    From  which 

it  appears  that  above  T  the  increase  of  volume,  or  of  the  elastic 
pressure,  takes  place  uniformly ;  that  is,  is  equal  in  amount  for 
equal  increments  of  temperature.  We  may  conclude  from  this 
investigation  that  Gav  Lussac's  law  holds  good  only  for  that 
range  of  pressure  and  temperature  within  which  the  law  of 
Mario tte  is  fulfilled ;  and  that  it  is  not  strictly  true  for  the 
more  compressible  gases  and  vapors,  except  at  temperatures 
considerably  above  the  point  of  condensation. 

Specific  Heat  of  Oases, — When  the  temperature  of  a  gas  is 
raised  1®,  without  change  of  volume,  the  neat  is  expended  in 
exalting  the  vibratory  state  (i.  e.  the  dynamic  energy^  of  the 
molecular  envelopes,  and  in  augmenting  their  potential  energy 
by  expansion.  It  is  obvious,  then,  that  the  specific  heat  of  a 
gas,  under  a  constant  volume,  should  be  some  function  of  the 
ratio,  A,  since  upon  this  must  depend  at  a  given  temperature, 
the  number  of  molecules  in  the  unit  of  volume,  and  the 
mechanical  condition  of  each  molecule.  The  theoretical  indi- 
cations are  that  the  specific  heat  of  different  gases,  for  the  unit 
of  volume,  is  directly  proportional  to  the  value  of  k;  but  as 
these  cannot  be  adequately  presented  here  we  will  assume  this 
as  an  hypothesis  and  test  it  by  the  quantitative  results  to  which 
it  leads.  To  state  the  hypothesis  with  more  precision,  it  is 
that  the  specific  heat  of  a  gas,  when  the  volume  is  constant  and 
the  initial  elastic  pressure  is  one  atmosphere,  is,  for  a  unit  of 
volume,  proportional  to  the  value  of  h—\t  being  understood 
that  in  the  case  of  a  compound  gas  the  value  of  k  considered  is 
that  which  which  obtains  when  the  molecules  are  in  the  condi- 
tion that  immediately  results  from  the  formation  of  the  gas 
from  its  constituents,  and  at  the  temperature  at  which  the  ratio 
of  condensation  is  that  proper  to  the  gas. 
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When  a  gas  is  allowed  to  expand  under  a  constant  pressure, 
an  additional  amount  of  heat  is  expended  in  the  work  of  this 
expansion  in  opposition  to  the  external  pressure.  Now  if  n 
were  equal  to  m  the  amount  of  heat  thus  expended  should 
equal  that  which  would  be  expended  on  the  molecular  envel- 
opes. Let  U  denote  the  entire  amount  of  heat  expended  when 
the  pressure  is  constant,  u  that  expended  in  the  work  of  expan- 
sion, and  u'  that  expended  on  the  molecules  directly ;  ana  we 
have  U=u+w'=u4-«^  Each  term  is  a  function  of  tne  temper- 
ature, t;  and,  diflferentiating,  we  have  d\J r=zdu'\'8du.  But  we 
have  seen  that  du  equals  the  value  which  adu  would  have  if 

i,  or  — ,  were  equal  to  unity.    Denote  it  by  e,  and  we  obtain 

rfU=c+5e.     But,  since  the  specific  heat  under  a  constant  vol- 

ume  is  proportional  to  k^  ""="T  >   ^^^  thus  «=t     This  value 

of  $  gives  dU=(l+i)e,  and5rfi^=fe;  from  which    -7-=— r-. 

This  is  ratio  of  the  specific  heat  under  a  constant  pressure  to 
the  specific  heat  under  a  constant  volume. 

Let  us  now  subject  these  theoretical  results  to  the  test  of 
calculation.  According  to  Pouillet  the  specific  heat  of  aqueous 
vapor,  under  a  constant  volume,  is  1*9600,  and  that  of  a  mix- 
ture of  one  volume  of  oxygen  and  two  volumes  of  hydrogen, 
0'9277.    The  ratio  of  these  is  2 '118.     For  aqueous  vapor  we 

4*93 
have  seen  that  i=4*98.     Thus,  ktztq  (=2J)    should    be    the 

value  of  h  for  the  mixture  of  oxygen  and  hydrogen  before  con- 
densation into  aqueous  vapor.     This  result,  as  will  appear  in 
the  sequel,  is  in  accordance  with  the  results  of  Professor  I^ictet's 
experiments  on  the  liquefaction  of  oxygen  and  hydrogen. 
Taking  the  specific  neat  of  carbon-dioxide,  under  a  constant 

1*26 
volume  at  1-26,  we  have  cfa^=^'^^^   and    l-36x2i=317. 

This  is  the  value  of  k  for  this  gas  under  a  pressure  of  one 
atmosphere,  and  in  the  condition  in  which  it  exists  as  the 
immediate  product  of  the  combustion  of  carbon.  It  is  here 
tacitly  supposed,  in  accordance  with  fact,  that  the  specific  heat 
of  the  gas,  for  equal  volumes,  and  under  the  pressure  of  one 
atmosphere,  is  the  same,  when  in  the  state  of  a  vapor,  at  what- 
ever temperature  it  is  supposed  to  be  formed  from  a  liquid. 
Theoretically  there  should  be  a  tendency  to  this  state  of  thmes, 
since  when  the  temperature  is  higher  the  number  of  molecules 
in  the  unit  of  volume,  at  the  same  elastic  tension,  is  less,  but 
at  the  same  time  the  specific  heat  of  each  molecule  should  be 
greater,  owing  to  the  increased  size  of  its  envelope,  and  its 
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consequent  greater  liability  to  expansion  under  the  operation 

1*553 
of  the  heat  energy.     For  olefiant  gas  we  have  7^:0077  =   1*674  ; 

and  1*674x2^=4*2,  the  theoretical  value  of  k  for  this  gas. 

These  results  enable  us  to  test  our  expression  for  the  ratio  of 

the  specific  heats  under  a  constant  volume,  and  at  a  constant 

1+* 
pressure,  viz :  — r-.     For  the  mixture  of  oxygen  and  hydrogen 

l4-yfc    l4-2t 

-T- =^oir=  1*480.    The  experimental  value  is  1*410.     For 

carbon -dioxide    -jr^^    o.-if   =1*315.     According  to  experi- 

4-2+1 
ment  it  is  1*338.     For  olefiant  gas  the  ratio  is       .^    =124, 

the  same  as  obtained  by  experiment.  For  oxide  of  carbon  I 
get  A=2*60  and  ratio  of  specific  heats  =1*38 ;  experiment  gives 
1*428.  For  oxide  of  nitrogen  i= 8*896  and  ratio  of  specific 
heats  =1*294;  experiment  gives  1*343. 

Professor  J.  Clerk  Maxwell  (Nature,  March  10,  1875,  p.  875) 
admits  that  the  kinetic  theory  of  gases  has  encountered  a  serious 
dilemma  in  the  attempt  to  determine  specific  heats.  He  says, 
*'  We  learn  from  the  spectroscope  that  a  molecule  can  execute 
vibrations  of  constant  period.  It  cannot  therefore  be  a  mere 
material  point,  but  a  system  capable  of  changing  its  form. 
Such  a  system  cannot  have  less  than  six  variables.  .  .  .  But 
the  spectroscope  tells  us  that  some  molecules  can  execute  a  great 
many  different  kinds  of  vibrations.  They  must  therefore  be 
systems  of  a  very  considerable  degree  of  complexity,  having 
far  more  than  six  variables;"  and  ** every  additional  variable 
increases  the  specific  heat,  whether  reckoned  at  constant  pres- 
sure or  at  constant  volume.  But  the  calculated  specific  heat  is 
already  too  great  when  we  suppose  the  molecule  to  consist  of 
two  atoms  only."  The  present  theory  encounters  no  such  diffi- 
culty, since  it  regards  the  heat  and  light  vibrations  as  pertaining 
to  the  atoms  of  the  molecular  envelopes,  and  the  number  of 
these  is  indefinitely  great,  and  the  determination  of  the  specific 
heat  requires  no  hypothesis  of  a  definite  number  of  atoms  to 
be  mada  In  the  same  connection  Professor  Maxwell  has  the 
following  remark :  "  And  here  we  are  brought  face  to  face  with 
the  greatest  difficulty  which  the  molecular  theory  has  yet 
encountered,  namely,  the  interpretation  of  w-|-e=4*9.  He  had 
previously  remarked  "  that  n-f-e,  for  air  and  several  other  gases, 
cannot  be  more  than  4*9.  For  carbonic  acid  (?)  and  steam  it  is 
greater."  Now  n-f-e  answers  to  the  ratio,  i,  on  the  present 
theory,  and  we  have  seen  (p.  483)  that  this  is  4-93  for  steam, 
and  less  than  4*9  for  the  gases. 
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Diffusion  of  Oases. — The  law  of  variation  of  the  molecular 
repulsion,  at  the  distances  between  gaseous  molecules,  given 
by  equ.  (1),  leads  to  the  result  that  if  one  layer  of  such  mole- 
cules moves  over  another,  so  that  those  on  one  side  of  the  plane 
of  separation  are  opposite  the  vacant  spaces  between  those  on 
the  other  side,  a  force  of  eflfective  repulsion  directed  toward  this 
plane  will  supervene,  which  will  operate  to  diffuse  each  set  of 
molecules  into  the  volume  occupied  by  the  other.  Did  space 
admit,  we  might  show  that  when  all  the  circumstances  of  the 
case,  and  the  resistances  in  operation,  are  duly  considered,,  the 
diffusion  thus  originating  should  conform  to  the  known  laws  of 
diffusion ;  as  that  the  velocity  of  diffusion  of  the  individual 
molecules  is  inversely  proportional  to  the  square  root  of  the 
molecular  weights,  &c.  The  force  of  diffusion  of  liquid  mole- 
cules has  a  similar  origin.  Upon  this  view  the  force  of  diffusion 
is  incidental  to  the  inevitable  internal  agitations  occurring  in 
fluid  masses ;  and  may  be  brought  into  more  lively  action  by 
artificial  disturbances.  The  molecular  repulsive  or  neat  energy- 
consumed  in  such  effects  is  restored  to  tne  mass  by  the  subsi- 
dence of  the  individual  movements,  perpetually  recurring. 

Comparison  of  the  present  with  the  kinetic  theory  of  gases. — The 
theory  of  gases  whicn  has  now  been  deduced  from  the  general 
expression  for  the  force  of  effective  molecular  action  (equa.  1, 
or  2),  is  no  less  dynamical  in  its  essential  character  than  the 
kinetic  theory.  Tlie  dynamical  system  conceived  to  be  in  ope- 
ration is,  upon  the  one  view,  the  translatory  wave  movements 
and  atomic  vibrations  of  the  interstitial  ether  and  ethereal 
atmospheres  of  the  molecules,  and  upon  the  other,  the  move- 
ments of  translation  of  the  molecules  themselves,  and  the 
vibrations  of  their  constituent  atoms.  The  doctrine  of  Energy, 
and  the  principles  of  the  Mechanical  Theory  of  Heat,  are  as 
applicable  to  the  one  as  to  the  other  theory.  The  essential  cor- 
respondence of  the  two  theories  is  abundantly  evident  from  the 
fact  that  with  equa.  (1)  an  expression  for  the  elastic  pressure  of 
a  gas  may  be  obtaincii  that  is  a  counterpart  of  that  given  by  the 
equation  of  Clausius,  viz:  ^V=fT— f2*2*iRr.  This  maybe 
inferred  from  the  general  consideration  that  the  impulses  upon 
any  point,  0,  of  the  enclosure,  of  an  ethereal  wave  in  which  the 
velocity  of  the  radial  pulsation  increases  from  zero  to  a  maximum, 
Uj  and  then  decreases  to  zero,  is  analogous  to  the  impulse  of  a 
gaseous  molecule  whose  velocity,  u'  is  reduced  to  zero,  and  then 
restored  in  the  recoil — the  ethereal  waves  and  the  gaseous 
molecules  alike  impinging  on  the  point  from  every  variety  of 
direction.  To  show  it  conclusively,  let  it  be  borne  in  mind  that 
the  central  atoms  of  the  molecules  of  the  gas  may,  for  each  point 
O,  of  the  enclosure,  be  conceived  to  be  uniformly  distributed 
over  the  surface  of  a  hemisphere  described  around  this  point,  so 
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that  each  elementary  part  of  the  surface  will  be  occupied  by  one 
such  fltom^  and  so  will  be  a  center  of  radiation  of  wave-impulses 
propagated  to  0  (p.  486).  Now  let  u  be  the  maximum  velocity 
of  pulsation  of  the  ethereal  atoms  in  any  wave,  at  the  point  O  ; 
m  the  mass  of  ether  eflfective  in  the  pulsation ;  s  the  minute 
space  (equal  to  half  the  length  of  a  wave)  over  which  m  moves 
while  the  velocity  is  increasing  from  zero  to  w,  or  decreasing 
from  u  to  zero;  andpi  the  mean  impulsive  force  taking  effect 
over  the  space  s.  Then  for  the  wave  impulses  propagated  along 
the. normal  at  0,  ^x2«=mu*.  Let  Wi  denote  tne  number  of 
successive  waves  m  the  space,  1,  and  take  for  the  unit  of  time 
the  interval  employed  by  the  wave  in  traversing  the  distance, 

1;  and  we  have  ^1=5-  HndpiX2sX^=nimu*,0TpiXl=nimu'. 

ButpiXl  is  the  impulsive  work  of  the  waves  in  the  unit  of 
time,  and  may  be  taten  as  p\  the  force  of  pressure  on  an  ele- 
mentary area  at  0,  due  to  the  successive  waves  propagated 
along  the  normal  at  0.  Now  for  a  wave  coming  from  a  direc- 
tion inclined  under  any  angle  y^'  to  the  normal,  the  normal 
impulse  will  be  p'  cos  f\  and  the  normal  velocity  of  pulsation 
will  be  u  cos  f\  Thus 2?'  cos  ^'=n^mw*cos*^' ;  and  for  n'  mole- 
cules having  this  angle  of  direction,  n'p'  cos  ^'=n'7i^mu*cos*jp'. 
For  the  entire  normal  impulse  at  0,  or  the  elastic  pressure,  p, 
on  an  elementary  area  at  0,  we  have  then,  p= In'n,mxj?QO^  f. 
But  the  gaseous  molecules  lying  in  any  angle  of  direction,  y, 
around  the  normal,  form  an  elementary  zone  of  the  hemisphere, 
whose  breadth  is  dipy  and  altitude,  m  the  normal  direction, 
d  cos  f^  or  sin  (pdf.  If  then  n  represent  the  number  of  molecules 
in  the  entire  hemisphere,  n' :  n : :  sin  <pdf :  1 ;  and  n'=n  sin  ipdf. 

Thus  Jt>=  /    nn^mu^  cos'  <7>  sin  (pdtp^znn^mu'  (  —  — r —  j    = 
nnmu*     ^      nnmu^      ^^        nnmu^ 

is  the  entire  living  force,  or  energy,  of  all  the  ethereal  waves 
occupying  at  any  interval  of  time  the  space  unity  on  all  the 
lines  radiating  from  O ;  or  included  within  a  hemisphere  traced 
around  O  witn  the  radius  1.  Calling  this  E,  we  have  p=|E. 
But  the  hypothesis,  which  has  been  tested  by  quantitative  deter- 
minations (p.  487),  that  the  repulsive  term  in  equ.  (1)  varies 
inversely  as  the  cube  of  the  distance,  x',  between  the  centers  of 
the  molecules,  gives  the  same  law  of  variation  for  the  impulses 
received  at  0;  and  accordingly  if  T  denotes  the  value  of  E, 

T        T 
whena/=l,^=|~7-3  =  |y,  in  which  V  is  the  volume  occupied 

by  a  given  number  of  molecules,  N,  in  terms  of  the  volume,  1, 


Digitized  by 


Google 


W.  A.  Norton — Force  ofEffeciivt  Molecular  Action.      448 

occupied  by  the  same  number  of  molecules  when  the  distance 
between  their  centers  is  1. 

If  now  we  take  account  of  the  attractive  impulses  answering 
to  the  attractive  term  in  equ.  (1),  it  is  plain  that  bv  a  similar 
investigation  we  shall  obtain  for  the  dimmution,  d^  of  the  elastic 
pressure  at  O,  c?=|E'.  Accordingly  for  the  actual  pressure  on 
an  elementary  area  at  O,  we  have 

TP  TP  T" 

P=f E— f E'=|^— f E'=f  y  -jy  ry^; 

where  T'  denotes  the  entire  energy  of  the  attractive  waves 
that  occupy  at  any  instant  a  hemisphere  described  around  0 
with  the  radius  1.    It  may  be  shown  that  unless  the  number 

of  atmospheres  of  pressure  be  great, /(V)=con8t  (V)  ,  approx- 
imately. This  expression  for  P  is,  essentially,  the  counterpart 
to  the  value  of  p  given  in  the  equation  of  Clausius  (p.  441). 
The  first  term  is  directly  proportional  to  the  coefficient  of  repul- 
sion, m,  and  so  to  the  temperature  reckoned  from  the  absolute 
zero ;  and  inversely  proportional  to  the  volume,  V,  occupied 
by  a  given  number  of  ultimate  molecules,  N.  The  other  term 
varies  from  one  gas  to  another  proportionally  to  the  coefficient 
of  attraction,  n,  and  varies  for  the  same  gas  with  the  volume 
occupied  by  the  same  number  of  molecules,  N ;  but  does  not 
change  witn  the  temperature,  except  as  the  volume  may  vary 
with  the  temperature,  and  the  value  of  n  also.  In  view  of  the 
result  of  this  investigation  it  is  hardlv  necessary  to  add  that  all 
the  objections  which  have  been  urged  against  the  doctrine  that 
the  elastic  pressure  of  a  gas  is  due  to  statical  molecular  repulsion 
are  entirely  inapplicable  to  the  present  theory. 

For  calculating  the  gaseous  pressure  in  atmospheres  I  obtain 
the  formula 

' 7 KT} — h.  ("288^; 

in  which  -=  ratio  of  the  volume,  in  the  case  of  an  ideal  gas 

171  fft! 

for  which  A;=0  and  — i  "^  -^i,  answering  to  the  assumed  value 

of  u,  to  the  volume  at  the  pressure  of  one  atmosphere,  and  the 
mean  temperature,  IS^'-S  C,  occupied  by  the  same  number  of 
molecules ;  f  =  temperature  above  the  mean  taken  as  a  zero 
point,  Ic  =  ratio  of  coefficients  of  attraction  and  repulsion,  as 
before,  for  the  gas  and  temperature  considered.  The  value  of 
h  varies  with  the  temperature.     We  have  already  seen  (p.  489) 
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that  for  a  certain  mixture  of  oxygen  and  hydrogen  its  estimated 
value  is  about  2\ ;  and  that  for  carbon-dioxide  it  is  8*17,  when 
the  gas  is  in  the  condition  and  at  the  temperature  referred  to 
on  page  488,  and  increases  as  the  temperature  falls,  to  4*98  at 
about  the  temperature,  —80°  C.  At  the  critical  temperature 
80 -^O  C,  its  value  is  4-7. 

The  approximate  value  of  i  for  any  gas  at  any  temperature 
may  be  readily  obtained,  for  any  other  temperature  for  the 
same  gas,  by  the  empirical  law  that  it  is  inversely  proportional 
to  the  J  J  power  of  the  absolute  temperature.  It  is  to  be  under- 
stood that  the  calculations  are  for  the  value  of  h  at  the  maximum 
tension  of  the  gas  (vapor)  at  the  temperature  considered. 

In  the  liquefaction  of  oxygen,  hydrogen,  and  nitrogen, 
when  the  point  of  liquefaction,  so  styled,  was  reached,  the  dis- 
tance, Xy  between  the  molecules,  must  have  been  reduced  to 
8'6r,  or  very  nearly  thia  This  distance  answers  to  the  point 
of  ebullition  of  gases  whose  molecular  curve  lies  just  above  the 
critical  curve  (for  which  jfc=4'7).     By  specific  heat  ratios  we 

0*9765 
obtain  for  oxygen,  A;=4-98x^r:Q^=2456.    The  reduction  of 

temperature  from  15'°5  0.  to  145-°5  C.  should  materially  aug- 
ment this  deduced  value  of  k.  If  we  assume  that  the  empirical 
law  holds  for  oxygen,  as  for  carbonic  acid,  that  k  is  in- 
versely proportional  to  the  t',  power  of  the  absolute  temper- 
ature, we  obtain  Aj=2-64.  Now  taking  w=8'6, 1  find  j=1156-2. 
Taking  this  value  of  g,  and  i=2-64,  the  formula  gives  P,=272-5 
atmospheres.     The  volume  ratio  for  the  actual  gas,  for  which 

A;=2-64, 1  find  to  be  g^^-     This  gives  for  the  density  of  thQ 

condensed  gas,  0*881  the  maximum  density  of  water ;  on  the 
hypothesis  fliat  the  dimensions  of  the  molecules  are  unaffected 
by  the  reduction  of  temperature.  But  theoretically  this  should 
be  attended  with  a  contraction  of  the  eflPective  molecules.  If 
we  assume  the  law  of  the  consequent  diminution  in  the  volume 
of  the  gas  to  be  the  same  as  that  of  the  increase  of  k  from  a  fall 
of  temperature,  the  density  comes  out  0*94  According  to 
Professor  Pictet's  experimental  determinations  the  elastic  pres- 
sure of  the  condensed  oxygen  was  278  atmospheres ;  and  the 
density  0*98. 

If  we  suppose  the  original  value  of  k  (2*466'^  to  remain  un- 
changed ana  take  m=8*5,  the  formula  gives  !P^=285  atmos- 
pheres ;  and  the  density  comes  out  0*986,  and  after  correction 
for  temperature,  1*00.  For  A=2*6,  and  w=8*5,  P,=277  atmos- 
pheres; and  the  density  is  0*91,  or  0*975.  For  A=2*68,  and 
w=8*5,  P  =278*6  atmospheres;  and  the  density  is  0*888,  or 
0*952. 
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At  the  point  of  incipient  condensation  of  carbon-dioxide, 
just  below  the  "critical  temperature"  (3 1*'  C),  for  which 
x^7'Sr  I  find  j=271-14.  With  this  value  of  q,  and  i=4-7  I 
obtain  Pi=72^  atmospheres.     Dr.  Andrews  found  the  elastic 

Pressure  at  the  critical  point  to  be  75  atmospherea  The  small 
iscrepancy  results  from  the  fact  that  the  precise  critical  curve 
is  slightly  below  that  for  i=4*7,  and  the  corresponding  molec- 
ular repulsion  is  greater  in  the  ratio  of  51,  or  52,  to  4U.  Mak- 
ing the  correction,  we  have  for  P^  75  or  76  atmospherea 

These  two  examples  must  suflBce  for  the  present  as  illustra- 
tions of  the  applicability  of  the  formula,  and  verifications  of  its 
accuracy. 

From  the  point  of  view  I  have  taken,  chemical  combinations 
consist,  essentially,  in  changes  eflfected  in  the  condition  of  the 
molecules  of  the  constituents,  by  which  they  are  brought  into 
approximate  correspondence,  and  take  up  the  relative  positions 
suited  to  that  uniform  condition,  just  as  a  mass  of  similar  mole- 
cules in  that  state  would  do.  The  change  of  state  consists 
simply  in  the  nearer  approach  of  the  envelopes  to  the  central 
atoms  of  the  molecules,  or  in  a  recess  from  them,  from  which 
results  a  change  in  the  value  of  the  ratio  k,  and  in  the  corres- 
ponding curve  of.  effective  action.  The  determining  cause  of 
this  change  is  the  difference  in  the  mechanical  condition  of  the 
dissimilar  molecules,  more  or  less  enhanced  by  the  unequal 
operation  of  heat  or  electricity.  The  immediate  result  may  be 
either  an  expansion  of  the  one  molecular  envelope  and  collapse 
of  the  other,  or  a  collapse  of  both  incited  by  a  flow  of  electric 
ether  from  the  source  of  heat  or  electricity.  The  union  of 
chlorine  with  hydrogen  may  be  cited  as  a  probable  instance  of 
the  former,  and  the  combustion  of  hydrogen  as  an  instance  of 
the  latter.  When  metals  are  oxidized,  or  solids  undergo  com- 
bustion, we  must  suppose  there  is  a  flow  of  electric  ether  from 
the  solid  to  the  oxygen  molecule,  and  the  former  molecule 
expands  somewhat  while  the  other  contracts  to  the  dimensions 
answering  to  the  solid  condition. 

Heat,  in  its  association  with  molecules,  consists  of  the  energy 
of  recurring  pulses  and  vibrations  in  the  molecular  envelopes, 
and  has  two  modes  of  motion  or  two  dynamical  aspects,  radtcU 
and  tangential  The  energy  connected  with  the  former,  is  the 
origin  of  its  expansive  force.  The  propagation  of  the  latter,  in 
ethereal  waves  of  transverse  vibration,  constitutes  the  radiant 
heat  emitted  by  bodiea 

Heat  energy  maj^  be  expended  not  only  in  the  expansion  of 
bodies,  but  also  in  augmenting  the  potential  energy  of  the 
individual  molecules  by  enlarging  their  envelopes.  In  this 
way  a  certain  amount  of  heat  becomes  latent  in  the  process  of 
liquefaction.    A  portion  of  the  heat  of  vaporization  is  expended 
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in  a  similar  manner.  The  enlargement  of  the  envelopes  here 
alluded  to  consists  in  a  recess  of  the  effective  envelopes  from 
the  central  atoms.  This  should  be  attended  with  a  certain 
diminution  in  the  value  of  r,  the  distance  between  the  centers 
of  attraction  and  repulsion  posited  within  the  envelopes ;  and 

therefore  with  an  increase  in  the  value  of  />  (  =  -  j.    In  fact 

i|he  quantitive  determinations  I  have  given,  when  compared 
with  the  results  of  experiment,  indicate  that  p  is  materially 
larger  at  the  same  temperature,  for  liquids  and  aeriform  bodies 
than  for  solids.  An  important  tendency  of  the  diminution  of 
the  value  of  r  in  liquefaction,  is  to  antagonize  the  expansion 
directly  due  to  the  enlargement  of  the  effective  molecules  and 
the  attendant  diminution  in  the  coefficient  n.  According  as 
the  one  or  the  other  of  these  two  tendencies  preponderates,  the 
mass  will  expand,  or  contract  in  the  act  of  liquelkction.  In  the 
case  of  any  special  solid  or  liquid,  the  diminution  of  r  with  a 
rise  of  temperature  tends  to  diminish  the  expansion,  and  by 
increasing  p  to  make  the  decrement  of  tenacity  less.  Any 
differences  m  the  value  of  r  that  may  subsist  with  molecules  of 
different  substances,  at  the  same  temperature,  can  only  have 
the  effect  to  alter  the  positions  of  the  substances  on  the  mole- 
cular scale.  Any  changes  or  differences  that  may  occur  in  the 
value  of  r,  in  the  case  of  the  gases,  will  have  no  effect  on  the 
molecular  repulsion  at  those  distances,  x,  for  which  P,  in  equ. 
1,  is  sensibly  equal  to  the  second  term,  and  therefore,  as  we 
have  seen,  the  law  of  Mariotte  holds  good  ;  since  the  repulsion 
will  still  be  the  same  for  the  same  actual  distance  between  the 
molecules.  At  less  distances  the  tendency  should  be  to  alter 
slightly  the  deviations  from  this  law. 

The  value  of  the  coefficient  of  attraction,  n,  depends  on  the 
excess  of  the  attraction  exerted  by  the  central  atom  of  a  mole- 
cule on  its  envelope,  over  the  repulsion  exerted  on  it  by  the 
condensed  luminiferous  ether  posited  between  the  atom  and 
envelope.  The  tendency  of  a  recess  of  the  envelope  from  the 
atom  may  be  either  to  diminish,  or  augment  the  value  of  n. 
It  thus  may  happen  that  by  an  increase  of  n,  and  a  diminution 
of  r,  the  value  of  F  may  be  augmented  by  a  certain  rise  of  tem- 
perature ;  as  when  a  bar  of  wrought  iron  is  heated  up  to  about 
400^  F.  In  the  case  of  gases  n  may  change  somewhat  with  the 
temperature,  and  in  the  process  of  condensation. 

The  normal  type  of  solidity  is  a  fixed  distribution  of  the 
ultimate  molecules  at  the  angles  of  successive  cubes ;  and  the 
fundamental  principle  of  the  stability  of  every  such  elementary 
cube  is  that  each  molecule  is  in  equilibrium,  by  itself,  with 
each  of  the  others.  As  the  distances  are  unequal,  this  im- 
plies that  h  is  smaller  in  the  diagonal  direction   than  in  the 
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direction  of  the  sides ;  and  thus  that  the  extension,  or  physical 
condition  of  the  envelope  is  unequal  in  these  directions.  It  is  in 
this  sense  that  "  polarity  of  atoms"  (ultimate  molecules)  exists. 
Instead  of  being  an  inherent  property  of  the  atoms,  it  is  liable 
to  change  with  varying  relations  to  other  molecules.  When 
the  mass  varies  in  density  from  one  point  to  another,  there  is  a 
gradual  variation  in  the  size  of  the  elementary  cubes,  or  a 
gradual  transition  from  cubes  to  parallelopipedons,  or  other 
geometrical  figures,  with  attendant  variations  in  the  curves  of 
eflTective  molecular  action.  The  molecular  envelopes  of  diflfer- 
ent  substances  may  be  liable  to  different  varieties  of  polar  con- 
dition under  the  same  circumstances,  and  so  the  substances 
may  have  different  types  of  solidification,  or  crystallization. 
For  the  cubical  system  I  obtain  as  the  complete  expression  for 
the  elastic  resistance  to  a  minute  displacement  of  a  single  mole- 
cule, /+2/+li/'';  in  which /is  the  force  of  resistance  devel- 
oped between  the  displaced  molecule  and  that  lying  in  the 
direction  of  the  side  of  the  cube,  by  a  displacement  «,  in  this 
direction ;  /'  the  force  of  resistance  of  a  molecule  lying  in  the 
direction  of  a  face  diagonal,  for  the  same  displacement  «,  in 
this  direction ;  and  /"  the  corresponding  resistance  of  a  mole- 
cule in  the  direction  of  the  long  diagonal.  The  value  of  the 
expression  is  the  same  in  whatever  direction  the  displacement 
occurs.  The  expression  for  the  lateral  force  developed,  as  well 
as  for  the  elastic  resistance  to  shearing,  in  the  direction  of  a 
side  of  the  cube  is  /'+li/''.  For  any  reasonable  supposi- 
tions that  can  be  made  with  regard  to  the  comparative  values 
of  fy  f\  and  /'',  the  ratio  of  these  two  expressions  lies  between 
i  and  J.  The  experimental  ratios  fall  between  these  limits. 
The  resistance  to  shearing  is  due  to  the  diagonal  forces. 

When  a  body  is  heated  to  the  point  of  liquefaction,  the 
values  of  /'  and  f'\  considered  as  resistances  to  tension,  which 
are  always  less  than  /  vanish  (that  is,  the  curves  fall  below  the 
axis  of  x).  There!  is  therefore  no  shearing  resistance ;  which 
is  one  of  the  distinguishing  features  of  a  liquid.  When  the 
temperature  of  the  liquid  is  raised  above  the  point  of  liquefac- 
tion, effective  repulsions  must  come  into  play  in  the  diagonal 
directions.  These  repulsions  are  the  operative  cause  of  surface 
evaporation ;  and  at  the  same  time  originate  at  the  surface  the 
"  contractile  force"  which,  by  the  variations  it  experiences  from 
the  contact  of  solids,  is  the  determining  cause  of  capillary 
phenomena. 
Tale  OoUege,  Nov.  30th,  1878. 
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Art.  LVII. — On  the  Dark  Lines  of  Oxygen  in  the  Solar  Spectrum 
on  the  less  refrangible  side  of  O ;  by  John  Christopher 
Draper,  M.D,,  LL.D.,  Professor  of  Natural  History  in  the 
College  of  the  City  of  New  York. 

In  a  paper  on  the  lines  of  oxygen,  published  in  this  Journal 
for  October,  1878,  the  solar  lines  closely  coincident  with  those 
of  the  electric  spectrum  of  oxygen  were  given.  The  measure- 
ments of  the  solar  lines  in  that  instance  were  taken  from  photo- 
graphs made  in  March,  1878.  Since  that  time,  under  more 
lavorable  atmospheric  conditions,  I  have  succeeded  in  obtain- 
ing finer  photographs  on  the  less  refrangible  side  of  G.  These 
show  many  faint  hues,  not  visible  in  the  photographs  of  March 
1878,  while  many  other  lines  are  distinctly  sub-divided.  Three 
of  the  recent  photographs  were  taken  on  the  same  day,  during 
the  last  week  in  November,  and  two  have  been  taken  since  that 
time ;  one  during  the  last  week  in  January,  and  one  during  the 
first  week  in  February.  In  all  five  of  these  photographs  faint 
lines  are  visible  between  X  4316  and  X  4820,  of  Angtsrom's 
scale,  and  they  all  show  them  in  the  position  indicated  by  the 
diagram  and  table.  The  fact  that  all  the  photographs  agree  in 
their  representation  of  these  lines,  is,  I  think,  proof  positive  of 
the  correctness  of  the  positions  assigned. 
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To  place  the  question  of  the  oxygen  lines  in  this  region  as 
clearly  as  possible  before  the  reader,  I  have  devised  a  diagram 
which  represents  the  facts  regarding  this  portion  of  the  solar 
spectrum,  together  with  the  wave  lengths  of  the  oxygen  lines 
obtained  from  the  electric  discharge  in  air,  and  in  oxygen  gas. 
The  final  drawing  of  the  diagram  was  made  for  me  by  my 
assistant,  Mr.  Sickels,  from  the  wave  lengths  given  in  the  table 
at  the  close  of  this  article.  The  drawing  was  on  the  scale  of 
one  centimeter  to  each  wave  length.     This  was  photographed 
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down  to  one-half  its  size  by  a  photo-engraving  operation.  From 
the  plate  so  produced,  the  diagram  was  printed.  For  accurate 
work  the  figures  in  the  tables  should  be  employed. 

The  first  space  of  the  diagram  beneath  the  scale  of  wave 
lengths  gives  the  positions  of  the  solar  lines  of  Angstrom's 
chart 

The  second  represents  measurements  made  from  one  of  Dr. 
Butherfurd's  paper  prints  of  this  r^on.  These  measurements 
were  made  after  I  received  Mr.  Chnstie*s  paper,  with  a  view  to 
the  detection  of  any  diflference  between  Dr.  Kutherf urd*s  photo- 
graph and  my  own. 

The  third  space  contains  a  presentation  of  the  lines  of  this 
r^on  as  given  by  Mr.  W.  H.  M.  Christie,  of  the  Eoyal  Ob- 
servatory at  Greenwich,  in  the  Monthly  Notices  of  June,  1878. 
This  I  did  not  receive  until  the  latter  part  of  last  January, 
when  I  was  much  pleased  to  find  the  close  coincidences  of 
our  results,  although  they  were  obtained  by  entirely  diflTerent 
methods,  and  without  any  knowledge  of  each  other's  work. 
Line  l^^  line  Mr.  Christie's  map  is  the  counterpart  of  the  spec- 
trum I  had  mapped  from  the  photographs  taken  during  the 
last  week  in  November,  and  smce  that  time.  Not  only  do 
these  maps  agree  very  closely  in  the  placing  of  the  lines,  but 
the  similarity  in  intensity  is  also  marked.  The  presence  of 
these  faint  lines  in  Mr.  Christie's  prismatic  spectrum  settles 
any  objection  that  might  be  raised  on  the  ground  of  their  being 
interference  lines  in  the  diffraction  spectrum. 

The  fourth  space  presents  the  measurements  of  my  recently 
taken  photographs.  The  accuracy  of  adjustment  to  Angs- 
trom's scale  is  shown  by  the  coincidences  in  the  lines  X  4812*8 
and  X  4326-2.  The  comparison  of  this  with  mv  reading  of  Dr. 
Eutherfurd's  photograph,  as  given  above,  while  it  shows  slight 
differences,  is  a  very  satisfactory  evidence  of  the  reliability  of 
the  photographic  method  of  investigating  this  problem.  It  is 
also  a  refutation  of  the  objections  raised  by  some  to  my  sys- 
tem of  measuring  and  studying  the  lines  of  the  solar  and 
other  spectra.  Indeed,  with  proper  lenses,  and  in  competent 
hands,  the  process  I  have  followed  is  not  only  very  reliable, 
but  the  apparatus  may  be  truly  regarded  as  an  instrument  of 
precision.     Of  these  I  hope  to  give  ample  proof  hereafter. 

The  position  of  the  lines  in  this  r^ion  of  the  solar  spec- 
trum bemg  established  by  three  independent  observers,  and  the 
question  of  primary  importance,  as  Mr.  Christie  justly  calls  it, 
settled ;  we  pass  to  the  examination  of  what  these  lines  prob- 
ably represent  First:  Oxygen.  Beneath  the  four  charts  of 
the  solar  spectrum,  I  have  placed  five  sets  of  measurements  of 
the  oxygen  lines  in  the  vicinity  of  G.  Beginning  below,  Hug- 
gins  gives  a  single  line  at  A  481 8.      The  other  observers  5l 
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divide  this,  H.  Draper  places  the  two  branches  at  A  4817  and 
;i  4819  ;  Pliicker  at  X  4817  and  ;i  4820.  My  own  readings  are  at 
;i 4816-50  and  A  4819-75.  Those  of  Angstrom's  chart  are  at 
A  4816-57  and  ;i  481915. 

In  the  above  measurements,  those  for  the  more  refrangible 
line  are  all  within  one-half  of  a  wave  length.  The  reading 
of  the  other  line  are  within  one  wave  length.  In  these  posi- 
tions there  are,  therefore,  oxygen  lines,  and  in  the  same  r^ons 
of  the  solar  spectrum.  Dr.  Eutherfurd,  Mr.  Christie,  and  my- 
self, agree  in  finding  faint  dark  lines.  More  than  this ;  grant- 
ing that  the  forked  symbols  of  Angstrom's  chart  indicate,  (and 
I  cannot  understand  what  else  they  meanj  that  the  observer 
believed  that  the  line  i 4816-57  is  divisiole  into  two  lines, 
placed  at  ;i  4816-20  and  ;i  4816-95,  and  the  line  A  4819-15,  into 
two,  placed  at  A4818'85  and  A4819-45,  we  find  that  the  three 
charts  of  the  solar  spectrum  gives  lines  which  are  very  nearly 
coincident  with  the  readings  of  these  forked  symbols.  It  is 
not  often  that  the  results  obtained  by  so  many  independent 
investigators  agree  as  closely  regarding  a  problem  to  be  solved 
only  bv  observation  and  experiment,  and  considering  the  small- 
ness  of  a  wave  length,  and  the  difficulty  of  making  such  meas- 
urements, the  agreements  must  be  regarded  as  favoring  strong! v 
the  identity  of  these  feeble  lines  of  the  solar  spectrum  with 
the  lines  of  the  electric  spectrum  of  oxygen. 

Among  the  obstacles  in  the  way  of  comparing  the  electric 
lines  of  oxygen  with  those  of  the  solar  spectrum,  and  which  in 
part  explains  the  discrepancies  that  exist  in  the  measurements 
of  the  lines  of  oxygen,  is  the  difficulty  in  making  exact  meas- 
urements of  these  linea  Of  this  difficulty  Pliicker  speaks  in 
a  memoir  on  the  oxygen  spectrum  in  the  rhW.  Trans,  for  1865. 
In  the  same  memoir  he  also  discusses  the  variation  in  the 
breadth  of  the  lines,  and  the  variation  in  this  variation,  in 
different  parts  of  the  electric  spectrum  of  oxygen.  The  posi- 
tions given  by  Plucker  and  myself  agree  closdy,  although  he 
gives  no  fractions.  We  both 'used  two  prisms  of  flint-glass, 
though  at  times  he  used  four.  Pliicker's  results,  and  my  own, 
were  obtained  in  pure  oxygen  gas,  while  those  of  H.  Draper,  and 
of  Angstrdm's  chart,  were  from  the  electric  spark  in  air.  This 
may  possibly  explain  why  they  agree  in  differing  slightly  from 
Plucker  and  mysell 

In  the  measurement  of  the  lines  of  the  solar  spectrum  made 
by  Mr.  Christie,  the  spectroscope  was,  he  says,  equal  in  dis- 
persion to  fifteen  prisms  of  60^  Dr.  Rutherfurd's  photographs 
and  mine  were  made  by  means  of  Rutherfurd's  gratings  of  over 
17,000  lines  to  the  inch,  mine  being  by  reflection  and  in  the 
second  order.  The  great  dispersion  thus  brought  to  bear  upon 
the  solar  spectrum,  is,  I  think,  the  explanation  of  the  sub- 
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division  in  that  spectrum,  of  the  electric  oxygen  lines  given  as 
two,  by  Pliicker,  H.  Draper  and  mysell  I.  do  not  know  what 
the  dispersion  power  was^  nor  the  exact  electric  conditions  that 
gave  the  forkea  symbols  of  oxygen  in  Angstrom's  chart ;  but 
whatever  the  dispersion,  and  whatever  the  electric,^  and  conse- 

3uent  thermal  or  other  condition,  they  seemed  to  have  pro- 
uced  results  very  dose  in  their  relation  to  those  in  recent 
photographs  of  the  solar  spectrum. 

Discussing  the  existence  of  bright  lines  of  oxygen  in  the 
solar  spectrum  at  >14817  and  J14319,  Mr.  Christie  directs  atten- 
tion to  the  opposing  fact,  that  the  spaces  at  ^4815  and  4321*6* 
on  Dr.  Eutherturd's  photograph  are  both  brighter  than  those 
2X^X  4817  and  X  4819.  This  is  also  shown  by  my  photographs, 
in* which  the  slit  was  sufficiently  narrow.  I  may  add^  that 
there  are  in  my  photographs,  and  in  that  of  Dr.  Eutherfurd,  in 
the  region  from  4290  to  4801,  many  lines  brighter  than  any  in  the 
spaces  mentioned.  Accepting  these  as  being  the  true  measures 
of  brilliancy  of  the  bright  background  of  the  spectrum  in  this 
r^on — and  there  is  no  reason  why  we  should  not  do  so — 
we  are  justified  iir  saying,  that  from  ^4814  to  ^4822,  and  par- 
ticularly in  the  vicinity  of  A  4817  and  X  4819,  there  is  something 
in  the  solar  envelopes,  which  by  absorption,  reduces  the  bril- 
liancy of  the  spectrum.  In  addition  there  are  also  £Etint  lines 
which  occupy  the  positions  of  certain  electric  oxygen  lines. 

If  these  laint  dark  lines  are  not  the  result  of  me  action  of 
oxygen,  to  what  other  cause  are  they  to  be  attributed  ?  Besides 
the  well  marked  lines  of  calcium  and  titanium,  no  one  places 
lines  of  any  element  here  except  Huggins,  who  claims  a  weak 
strontian  line  at  A  4819,  and  a  carbon  Ime  as  given  at  A  4820,  in 
Watts'  Index.  The  space  from  ^4816  to  X4818  is  free  from 
any  claimant,  and  here  there  are  lines,  representing  the  posi- 
tion of  the  line  of  oxygen,  upon  which  nearly  HX  the  meas- 
urements closely  a^ee.  It  appears  to  me  that  this  want  of 
any  other  explanation,  is  a  fact  of  importance  by  no  means  to 
be  overlookea,  in  arriving  at  the  true  solution  of  the  problem 
of  the  oxygen  lines. 

In  the  table,  the  wave  lengths  of  all  the  lines  of  the  solar 
spectrum  in  this  region  are  given,  according  to  Angstrom's 
scale.  In  Dr.  Eutherfurd's  photograph,  I  think,  several  of  the 
lines  are  subdivided,  according  to  the  figures  presented  in  the 
last  column.  An  inspection  of  the  original  photograph  of 
the  spectrum  itself  is  required  to  decide  this  matter,  as  the 
enlarged  paper  print  in  my  possession  is  not  entirely  satisfactory, 
giving  only  the  appearance  of  subdivision  as  I  have  recorded. 

Conclusiona. — Ist.  The  regions  in  the  solar  spectrum  at  X  4817 
and  A 4819  claimed  as  bright  lines  of  oxygen,  are  not  as  bright 
as  others  in  their  immediate  vicinity. 
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2d.  The  solar  spectrum  shows  faint  dark  linea  in  the  r^on 
about  ;i  4317  and  X  4819. 

8d.  Oxj^gen  is  the  substance  which  can  produce  dark  lines 
in  this  r^on,  therefore  we  must  attribute  them  to  the  presence 
and  action  of  that  element 
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Art.  LVm — On  the  Genesis  of  Cinnabar  Deposits  ;* 
by  S.  B.  Christy,  Ph.B. 

The  study  of  the  oririn  of  mineral  veins  has  developed  no 
fact  more  clearly  than  tne  great  importance  as  a  transforming 
agent  of  solutions  of  the  alkaline  sulphides  and  carbonates.  A 
constantly  increasing  number  of  geological  phenomena  are  be- 
ing explained  by  their  influence,  and  the  importance  which  was 
given  to  the  sublimation  theories  by  the  older  geologists  is 
gradually  diminishing. 

The  ores  of  mercury,  however,  partly  from  the  fact  that  thev 
have  been  but  little  studied,  and  partly  from  the  ease  with 
which  they  are  volatilized,  together  with  the  diflSculty  of 
accounting  for  their  solution  in  any  of  the  reagents  which 
exist  in  nature,  have  generally  been  regarded  as  formed  bysub- 
limation.  Even  in  so  recent  a  work  as  that  of  M.  H.  Kuss, 
{M6moire  sur  les  Mines  et  TJsines  d'  Almaden,  reprint  from 
Annales  des  Mines,  p.  47),  the  author  says :  "  We  should 
always  recognize  in  cinnabar  the  character  of  a  vein  substance 
carried  to  the  surface  very  probably  in  a  state  of  vapor." 

The  purpose  of  the  present  paper  is  a  discussion  of  the  two 
theories  as  to  the  formation  of  cinnabar  deposits.  We  shall 
endeavor  to  find  an  answer  to  the  question,  "  Are  cinnabar 
deposits  produced  by  sublimation,  or  are  they  deposited  from 
solution  r"  In  considering  this  Question,  it  will  be  necessary  to 
briefly  review  the  facts  to  oe  explained,  and  the  present  state  of 
knowledge  of  certain  of  the  compounds  of  mercury.  The  sub- 
ject will  therefore  be  divided  as  follows : 

IirsL  The  facts  to  be  explained — a  brief  synopsis  of  the  na- 
ture of  some  of  the  more  important  cinnabar  deposits. 

Second  Some  of  the  more  important  properties  of  cinnabar. 

Third  The  results  of  some  original  investigations  upon  this 
subject 

Fourth.  A  comparison  of  the  relative  probabilities  of  the  two 
theories. 

First. — ^Thr  Charactrristios  of   somr  of  thr  morr  impor- 
tant CiNKABAR  DrPOSIIB. 

I  begin  with  the  deposit  with  which  I  am  personally  ac- 

3uainted,  that  of  New  Almaden.     This  has  already  been  well 
escribed  by  Professor  Silliman  in  this  Journal,  but  a  statement 
of  its  principal  points  may  not  be  out  of  place. 

The  New  Almaden  quicksilver  mine  is  situated  about  thir- 
teen miles  southwest  of  San  Jose,  California,  in  a  low  range  of 

*  A  paper  read  before  the  (Geological  Section  of  the  Oalifomia  Academy  of 
Sdencee,  Dea  14, 1878. 


Digitized  by 


Google 


454  S,  B.  (yiristy — Genesis  of  Cinnabar  Deposits. 

hills.  This  range  begins  at  tbe  Hacienda  Greek  and  runs  par- 
allel to  the  Coast  range  for  about  four  miles,  where  it  is  cut  by 
the  Guadelupe  Creek.  These  hills,  so  far  as  exploited,  are  com- 
posed of  serpentines  overlaid  by  magnesian  schists  which  are 
nearly  always  black.  On  analysis  they  were  found  to  contain, 
besides  silicate  of  magnesia,  a  great  deal  of  iron  and  considerable 
alumina.  Overlying  these  are  other  schists,  which  become  more 
and  more  aluminous,  until  finally  they  change  into  clay  slates. 
These  latter  rocks  are  everywhere  greatly  metamorphosed,  in 
some  cases  so  much  so,  that  they  approach  the  darker  ferrugin- 
ous varieties  of  jasper  both  in  appearance  and  hardness.  All 
of  these  overlying  schists  have  the  same  general  dip  as  the  sur- 
face of  the  hills  themselves,  modified  of  course  more  or  less  by 
subsequent  erosion.  The  serpentine  gave  as  the  result  of  quali- 
tative analysis,  lar^e  amounts  of  magnesia  and  silica,  with 
smaller  amounts  of  iron  and  alumina,  and  traces  of  chromium, 
manganese,  calcium  and  nickel. 

Lying  between  these  magnesian  schists,  to  which  the  Mexi- 
can miners  have  given  the  name  "Alta,"  and  the  Cornish- 
men  *'  Hanging  Wall,"  and  the  serpentine  beneath  is  found  the 
deposit  of  cinnabar.  The  "  vein  matter  "  itself  appears  to  be  a 
serpentine  somewhat  altered  by  infiltrated  waters.  It  is  some- 
times extremely  hard  and  tou^h  and  difficult  to  mine ;  at  other 
times  it  is  soft  and  fragile.  A  qualitative  analysis  of  a  speci- 
men of  the  former  kind  selected  oy  the  mining  captain  as  the 
hardest  rock  in  the  mine  proved  it  to  contain  besides  the  cinna- 
bar, the  same  ingredients  as  the  serpentine  itself,  viz :  hydrated 
silicate  of  magnesium,  with  small  amounts  of  iron,  chromium, 
calcium  and  nickel. 

Associated  with  the  cinnabar  are  found  dolomitic  crystals  of 
pearl  spar,  iron  pyrites,  chlorite,  and  extremely  seldom  crystals 
of  quartz.  Another  notable  fact  is  the  occurrence  of  a  bitu- 
minous substance  resembling  idrialite.  This  substance  is 
wrongly  stated  by  Mr.  Kuss,  in  the  memoir  above  cited,  to  be 
'^  a  veritable  coal.  It  is  not  a  true  coal.  It  sometimes  has  the 
external  appearance  of  a  soft  bituminous  coal,  but  when  heated 
melts  and  flows  like  bitumen.  Ordinarily  it  is  found  in  the 
liquid  condition,  and  flows  from  the  drusal  cavities  in  which  it 
is  contained  when  they  are  opened.  When  strongly  heated  it 
gives  oflf  highly  inflammable  hydro-carbon  vapors,  and  leaves 
an  intumescent  coke  which  is  very  light  and  fragile,  and  burns 
with  scarcely  any  ash.  Sometimes  the  schists  spoken  of  are 
impregnated  with  a  hydro-carbon  more  like  petroleum,  as  in 
the  1,500  and  1,600  feet  levels  of  the  Bandol  shaft 

In  that  part  of  the  mine  known  as  the  Cora  Blanca,  there  is  a 
sheet  of  dolomitic  limestone  which  extends  from  the  top  to  the 
bottom  of  the  mine.    This  lies  immediately  beneath  the  Alta 
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iD  most  cases,  although  some  ore  has  been  found  above  it  It 
varies  in  thickness  m>m  one  to  two  feet.  In  analyzing  this 
there  was  found  a  very  small  residue  insoluble  in  the  hydro- 
chloric acid,  which  under  the  microscope  proved  to  contain 
fragments  of  iron  pyritea  (The  substance  had  been  pow- 
dered.) 

In  the  various  workings  there  occurs  sandstone,  particularly 
in  the  Cora  Blanca.  The  sandstones  seem  always  to  overlie  the 
"vein  matter,"  though  in  the  latter  mine  they  are  sometimes 
impregnated  with  cinnabar,  and  are  said  to  have  contained  when 
first  opened,  some  native  mercury.  The  exact  position  and  signifi- 
cance of  these  latter  rocks  I  have  not  as  yet  been  able  to  deter- 
mina  It  is  altogether  probable,  however,  that  they  are  more 
or  less  local  in  their  origin,  being  the  result  of  slightly  varying 
conditions  which  existed  during  their  deposition.  Such  a 
supposition  would  account  for  the  gradual  change  of  the 
sandstones  into  slates,  which  often  takes  place  in  such  a  man- 
ner as  to  make  it  difficult  to  determine  to  which  class  to 
assign  them. 

Native  mercury  occurs  rarely ;  chiefly  in  the  sandstones  of 
the  Cora  Blanca,  but  also  in  the  1,500  and  1,600  feet  levels 
of  the  Bandol  shaft,  where  it  ran  out  of  the  shattered  Alta 
upon  opening  out  the  vein-matter  at  places  where  it  was  much 
broken  up  by  faulting. 

In  many  cases  the  micro-crystals  of  cinnabar  are  most  inti- 
mately mixed  with  those  of  dolomite,  and  occasionally  with 
those  of  (juartz.  The  cinnabar  even  when  apparently  pure  to 
the  eye,  is  so  thoroughly  impr^nated  with  bitumen  that  a 
lump  of  it  when  distilled  out  of  contact  with  the  air  leaves  a 
car\x>naceous  residua 

Throughout  this  interesting  mine  there  are  many  evidences 
both  of  cnemical  and  of  mechanical  action. 

A  strongly  alkaline  spring  with  free  carbonic  acid  (the  New 
Almaden  Yichy  spring)  is  still  active  at  the  Hacienda.  Occa- 
sionally springs  with  sulphydric  as  well  as  carbonic  acid  are 
opened  by  the  drifts.  In  the  mine  "  slickenslides,"  or  surfaces 
polished  as  smooth  as  glass  by  slipping  on  each  other,  are  fre- 
quently met  with ;  and  often  large  masses  of  serpentine  are 
broken  off  bodily  and  are  buried  in  the  superincumbent  mass 
of  Alta. 

The  ore  is  very  irregularly  distributed  throughout  the  vein- 
matter,  frequently  disappears  altogether  and  reappears  in  such 
an  uncertain  manner  that,  despite  the  well  established  course 
of  the  ore  body,  or  rather  of  the  "  alta  "  or  "  hanging  wall," 
there  is  required  a  great  deal  of  skill  and  judgment  for  the 
proper  exploitation  of  the  mine. 

The  Q^udelupe  and  the  now  abandoned  Enriquita  mines 
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appear  to  belong  to  the  same  formation ;  but  it  would  require 
a  thorough  examination  of  all  of  this  series  of  mines  to  trace 
out  this  and  other  interesting  (juestions.  I  have  dwelt  thus 
long  upon  some  of  the  characteristics  of  this  mine  because  it  is 
in  many  respects  typical.* 

Von  Cotta  in  his  Erzlager  Sidtte,  vol.  ii,  p.  616,  gives  the  fol- 
lowing as  the  characteristics  of  theprincipal  cinnabar  mines  of 
Bhenish  Bavaria,  Bohemia,  Alps,  Upper  Italy  and  Spain  : 

Country  Bocks: — Sandstone,  day -schists,  trachyte,  talcose 
mica  slate,  limestone  and  quartzose  mica  slate. 

Ore  matter, — Cinnabar,  blende,  galena,  tetrahedrite,  limonite, 
amalgam,  copper  pyrites,  iron  pyrites,  silver  ores,  native  quick- 
silver, horn  quicksilver,  idrialite,  lebererz,  magnetic  iron  pyrites. 

Vei7i  filling. — Quartz,  hornstone,  heavy  spar,  calc  spar, 
dolomite,  spathic  iron,  gypsum.f 

Such  a  general  distribution  of  carbonates  certainly  argues 
against  the  sublimation  hypothesis.  With  a  few  exceptions 
these  cinnabar  deposits  are  not  in  immediate  relation  to  igneous 
rocks,  but  are  nearly  always  found  in  metamorphic  rocks.  In 
some  cases,  seven  out  of  sixteen,  Yon  Cotta  describes  these 
deposits  as  veins,  the  others  as  in  clefts  {Jclujie\  layers  or  im- 
pregnations. Usually,  with  the  notable  exception  of  Almaden 
in  Spain,  cinnabar  does  not  seem  to  occur  in  true  fissure  veins, 
but  rather  to  be  interspersed  in  the  ore  body  in  a  very  irregular 
manner,  as  is  indicated  by  the  term  ^^  impr^nation. 

Second. — The  Chemical  Pbopebtibs  of  some   of  the  Salts 

OF  Mebcubt. 

The  inquiry  here  becomes  at  once  limited  within  very  nar- 
row bounaaries. 

The  stable  salts  of  mercury  which  could  exist  in  any  natural 
mineral  waters  are  very  few.  The  mercuric  chloride  is  at  first 
sight  the  most  probable  one,  the  sulphate  not  existing  in  solu- 
tion except  in  the  presence  of  a  free  acid.  Still,  salts  of  mer- 
cury have  been  proved  to  exist  in  at  least  one  mineral  water. 
In  the  analysis  of  the  spring  ^'  du  Bocher,'':^  there  is  given  as  a 
constituent  of  the  water  a  small  amount  of  merc\iry.  It  was 
very  small ;  the  total  amount  of  all  the  heavy  metals,  includ- 
ing mercury,  estimated  together  was  only  0*008  grams  per  liter. 
But  the  author  states  that  he  obtained  enough  mercury  from 
500  liters  to  exhibit  it  in  the  metallic  state. 

*  For  another  description  of  this  and  other  deposits  in  California,  etc.,  with 
other  interesting  tM^te,  see  "  Les  Oisements  de  Mercure  de  Calif ornie,"  par  M.  &. 
Rolland,"  Annales  des  Mines,  1878,  and  also  "Bulletin  de  la  Soci^t^  Mineralogiqne 
de  France,  1878;  Bull.  No.  6." 

f  For  a  full  description  of  the  deposits  of  Almaden  in  Spain,  see  the  article  of 
Mr.  E.US8  above  cited,  pp.  10-49,  or  translation  by  the  writer,  pp.  6-19-20. 

X  St.  Nectaire-le-hiaut,  Puy-de-Dome,  by  M.  Garigon,  C<nnptes  Bendus,  vol. 
>,  p.  936. 
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It  seems  much  more  probable,  however,  that  the  salt  of  mer- 
cury usually  regarded  as  the  most  insoluble  is  the  one  in  which 
we  are  directly  interested,  i.  e.  the  mercuric  sulphide.  This 
salt,  while  insoluble  in  almost  everything  else,  is  well  known  to 
be  soluble  in  solutions  of  the  alkaline  sulphides  containing  free 
alkali.  This  fact  is  recognized  both  by  Rose  and  Fresenius,  but 
I  have  been  unable  to  find  any  exact  statements  as  to  the  de- 
gree of  solubility.  Prot  V.  Stein,  in  Dingler's  Poly  tech  nisches 
Journal,  vol.  cxxxviii,  p.  890,  states :  "  I  found  that  sulphydrate 
of  sodium  as  well  as  potassium  dissolved  cinnabar  even  in  the 
cold  with  the  same  ease  as  water  dissolves  sugar."  This  state- 
ment is,  to  say  the  least,  a  ^at  exaggeration.  He  also  states 
that  the  polysulphides  of  uie  alkalies  failed  to  dissolve  any- 
noticeable  trace  of  the  sulphide  of  mercury.  Fresenius*  finds 
that  yellow  sulphides  of  ammonium  dissolve  traces  of  sulphide, 
of  mercury,  particularly  in  the  cold,  Barfoedf  states  that  while 
sulphides  of  sodium  and  potassium  dissolve  mercuric  sulphide 
sulphydrates  of  the  alkalies,  as  well  as  sulphydrates  to  which 
sulphur  has  been  added,  fail  to  do  so. 

On  the  other  hand,  Dr.  R  Weber:^  states  that  he  found  that 
sulphide  of  potash  dis^lves  the  mercuric  sulphide  only  in  the 
presence  of  iree  potash  or  soda.  Moreover,  that  the  addition 
of  carbonic  acid,  sulphydric  acid,  or  flowers  of  sulphur,  precipi- 
tates the  mercury  from  such  a  solution  completely. 

Again  it  is  well  known  that  the  polysulphides  of  the  alkalies 
change  the  black  variety  into  cinnabar,  which  could  hardly  be 
the  case  unless  partial  solution  had  taken  place.  Also,  that 
when  mercuric  sulphide  is  slowly  deposited  from  such  solu- 
tions cinnabar  results,  but  when  rapidly  deposited  as  by  dilu- 
tion, eta,  the  black  or  amorphous  modification ;  finally,  that 
cinnabar  volatilizes  out  of  contact  with  the  air  at  a  little  below 
red  heat,  depositing  cinnabar  when  slowly  cooled,  and  the 
amorphous  variety  when  rapidly  cooled. 

Such  in  brief  is  at  present  the  not  altogether  satisfactory  state 
of  knowledge  on  this  subject 

ThIBD. — ^EXPBBIMSNTS  UPON  THE  SOLUBILITY  OP   MbBCUBIO  SuL- 

PHiDB  IN  Solutions  op  thb  Alkaunb   Sulphides  at  high 

TEMPBBATUBBS  AND  PBBSSUBES. 

The  great  difficulty  of  accounting  for  the  deposits  of  cinna- 
bar in  the  wet  way  has  always  been  the  difficulty  of  finding 
any  natural  solvent  for  this  substance.  The  experiments 
of  Weber,  cited  above,  show  that  as  soon  as  the  free  alkali  is 
neutralized  either  by  carbonic  or  sulphydric  acid  the  mercuric 
sulphide  is  precipitated  completely  from  its  solution  in  the  alka- 

*Zeit8chriit  fiir  anal3rtl8che  Chemie,  voL  iii,  p.  140. 

{Journal  fOr  praktische  Chemie,  vol.  xciii,  p.  244. 
Poggendorffs  Ann,  d.  Phys.  u.  Ohem.,  yoL  xcvii,  p.  76. 
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line  sulphides ;  and,  as  free  alkali  is  not  known  to  exist  in  any 
natural  mineral  waters,  the  question  has  still  remained,  ''  In 
what  has  this  substance  been  dissolved,  if  we  are  to  suppose  it 
to  have  been  formed  in  the  wet  way  ?" 

The  classic  researches  of  Daubr6e  on  metamorphism,*  and 
those  of  De  SSnarmontf  on  the  formation  of  mineral  veins  in 
the  wet  way,  as  well  as  the  fact  that  these  solutions  must  have 
originally  acted  at  higher  pressures  and  temperatures  than  those 
of  the  atmospheric  waters,  led  to  the  following  investigations. 

Impressed  with  the  idea  that  moderate  increase  of  tempera- 
ture and  pressure  might  possibly  bring  about  the  desired 
results,  I  was  led  to  adopt  a  more  easily  manageable  apparatus 
than  that  used  by  the  investigators  alreadj  mentioned. 

For  this  purpose  I  used  a  Papin's  digester  of  gun  metal, 
about  71  inches  high,  8J  inches  in  outer  diameter,  and  y'^ 
inch  thick.  This  vessel  was  calculated  to  stand  with  safety  a 
pressure  of  650  to  700  lbs.  per  square  inch.  It  was  provided 
with  a  safety-valve  so  that  the  pressure  could  be  easily  r^u- 
lated  at  any  point,  and  as  an  additional  check  it  was  heated  in 
a  bath  of  iron  filings,  so  that  the  temperature  could  be  approx- 
imately determin^  The  whole  was  surrounded  by  a  sheet- 
iron  shell  to  guard  against  the  danger  of  explosion.  The 
digester  was  heated  by  an  ordinary  Bunsen  burner.  The  sub- 
stances u)  be  experimented  upon  were  enclosed  in  glass  tubes 
usually  sealed  at  both  ends,  but  occasionally  open  at  the 
top  so  as  to  allow  the  contents  to  slowly  evaporate  under  pres- 
sure, after  the  water  in  the  digester  itself  had  evaporated 
through  the  safety  valve. 

The  only  disadvantage  of  using  this  form  of  apparatus  was 
the  difficulty  of  determming  when  the  water  was  entirely  evap- 
orated. This  led  to  several  explosions  of  the  sealed  tubes 
within  the  digester  and  the  consequent  loss  of  many  days' 
work.  The  jomts  were  all  made  with  a  lead  packing,  as  papier, 
leather,  etc.,  would  not  resist  the  high  temperatures  at  which 
the  experiments  were  conducted.  The  highest  temperatures 
reached  were  in  the  neighborhood  of  250°  0.  (482°  R).  The 
thermometer  at  the  bottom  of  the  bath  of  iron  filings  indicated 
860°  C.  and  at  the  top  150°  to  200°  0. 

The  first  experiment  made  was  with  a  tube  containing  amor- 

Shous  mercuric  sulphides  with  a  solution  of  potassic  sulphy- 
rate  (potash  solution  saturated  with  sulphydric  acid.)  The 
tube  was  open  at  the  top  and  its  contents  were  allowed  to  evap- 
orate to  half  their  bulk  (after  the  water  in  the  digester  was 
evaporated)  under  a  pressure  of  150  lbs.  per  square  inch.  The 
temperature  was  about  180°  0.  The  operation  was  continued 
five  hours.     The  sulphide  was  entirely  changed  to  a  red  pow- 

*  Ann.  des  Mines,  5  Serie,  vol.  zvi,  p.  156  and  393. 
t  Ann.  de  Ohem.  et  PhTS.,  yoL  zxxii,  p.  129. 
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der  and  the  next  day  tfae  tube  was  found  to  contain  a  beau- 
tiful coherent  mass  of  crystals  of  cinnabar,  recognizable  by  the 
naked  eye,  simulating  the  crystals  which  occur  in  nature  very 
perfectly.  They  appeared  to  be  rhombohedrons,  although  1 
nave  not  been  able  to  determine  this  with  certainty. 

Sabsequently  a  large  number  of  experiments  were  made, 
all  with  closed  tubes,  upon  various  solutions  in  contact  with 
amorphous  mercuric  sulphide,  for  the  purpose  of  determining 
the  action  of  these  diflTerent  reagents.  The  temperatures  varied 
from  about  200"*  to  about  260°  C,  and  the  pressures  from  260 
to  500  lbs.  per  square  inch.  The  determinations  of  the  pres- 
sures were  not  perfectly  exact,  owing  to  the  diflSculty  of  mak- 
ing the  valve-seat  bear  with  perfect  uniformity.  The  duration 
of  the  heating  varied  in  the  different  experiments  fix)m  three  to 
ten  hours,  and  in  each  case  the  digester  with  its  contents  was 
allowed  to  cool  undisturbed  till  morning. 

The  results  of  these  experiments  are  as  follows : 

Solutions  of  sodium  bicarbonate  did  not  change  the  amor- 
phous variety  of  mercuric  sulphide  to  cinnabar.  Solutions  of 
water-glass  were  equally  powerless.  But  when  through  either 
of  these  solutions  sulpnydric  acid  was  passed,  and  the  tubes 
were  again  heated  in  the  digester,  the  transformation  was 
complete.  Polysulphide  of  potassium  as  well  as  sulphydrate 
changed  the  amorphous  sulpnide  very  rapidly  and  completely. 
The  presence  of  excess  of  cai'bonic  acid  seemed  to  retard  the 
formation  without  being  able  to  prevent  it  The  cinnabar 
formed  was  usually  in  the  state  of  micro-crystals,  like  Vermil- 
lion, but  often  they  were  larger  and  more  like  the  native  cinna- 
bar in  appearance,  though  they  were  so  minute  as  to  make  the 
determination  of  the  crystalline  form  extremely  diflScult  In 
all  cases  when  the  transformation  had  taken  place,  the  liquid 
would  stain  the  skin  deep  black,  as  is  usual  when  mercuric  sul- 
phide is  dissolved  in  alkaline  sulphides.  This  would  be  an 
additional  proof,  if  one  were  needed,  that  solution  had  taken 
place. 

Finally,  I  was  led  to  try  the  effect  of  heating  the  amorphous 
sulphide  with  the  New  Almaden  Vichy  water,  to  which  sulphy- 
dric  acid  had  been  added.  This  water  as  analyzed  by  E. 
Piquet,  Mining  and  Scientific  Press,  voL  xviii,  p.  860,  has  the 
following  composition : 

"Bicarbonate  of  soda. 60'3  grains. 

Bicarbonate  of  lime 8-0      " 

Sulphate  of  lime 10-5       " 

Sulphate  of  magnesia 3*0      " 

Chloride  of  sodmm 8*4      " 

Oxide  of  iron 12      « 

Silica traces." 

Carbonic  acid 28*2      " 
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This  amount  was  contained  in  a  bottle  of  two  pounds. 

Sulphydric  acid  was  passed  into  this  water  for  half  an  hour, 
an  equal  amount  of  mineral  water,  and  some  black  mercuric 
sulphide  were  added  to  it,  and  the  mixture  was  treated  in  the 
digester,  while  a  similar  experiment  was  carried  on  at  the  ordi- 
nary pressure  of  the  atmosphere  and  a  temperature  of  lOC^  0. 
The  temperature  of  the  digester  was  not  more  than  180**  C, 
and  the  pressure  140  to  150  lbs.  The  time  in  both  cases  was 
two  hours.  The  sulphide  which  was  treated  in  the  open  air 
was  unchanged  even  when  examined  with  the  microscope, 
while  that  treated  in  the  digester  was  brownish  red  even  to  the 
naked  eye,  while  under  the  microscope  it  showed  itself  to  be 
composed  of  a  small  amount  of  as  yet  unchanged  amorphous 
suljAide,  and  a  larger  amount  that  was  completely  transformed 
to  cinnabar.     Crystals  were  not  visible  witn  the  powers  used. 

This  mineral  water,  therefore,  when  the  single  ingredient  of 
sulphydric  acid  is  added  to  it  is  capable  of  dissolving  mercuric 
sulphide,  and  of  depositing  it  from  solution  in  the  crystalline 
form  when  it  is  slowly  cooled. 

PouBTH. — ^Thb  Rival  Thbobibs. 

It  would  be  idle  to  attempt  to  follow  the  mercuric  com- 
pounds from  their  existence  in  the  nebulous  mists  to  the  ore 
deposits  in  which  they  are  found  to-day,  but  it  is  altogether 
probable,  from  the  great  permanence  of  tne  mercuric  sulphide, 
that  the  mercury  salts  would  be  precipitated  in  that  form  soon 
after  the  waters  had  been  deposited,  and  that  the  mercury  would 
be  found  in  that  as  sulphide  in  the  earliest  sedimentary  deposits. 
On  the  one  hand  we  nave  the  sublimation  hypothesis  to  ac- 
count for  the  present  position  of  these  ore  deposits,  and  on 
the  other  the  solution  theory.  Now,  while  it  is  probable  d 
priori  that  as  these  deposits  were  buried  deeper  and  deeper  by 
subsequent  debris,  that  the  interior  heat  of  the  earth  would 
raise  tnem  to  such  a  temperature  that  if  sufficiently  extensive 
fissures  were  to  occur  volatilization  might  ensue,  and  the  vapors 
would  rise  upward  to  such  points  as  would  permit  their  recon- 
densation ;  and  while  it  is  possible  that  in  special  cases  as  in 
the  vicinity  of  eruptions  of  true  igneous  rocks  such  may  be  the 
case,  at  the  same  time  it  is  prohabU  that  the  deposits  as  they  exist 
to-day  in  situ  are  the  result  of  the  auction  of  mineral  waters,  which 
act  either  by  leaching  out  the  cinnabar  from  neighboring  rocks,  or 
more  probably  by  bringing  it  from  lower  rocks. 

In  support  of  this  position  are  the  following  facts :  In  the  first 
place,  cmnabar  volatilizes  only  at  j ust  below  a  red  heat  (500®  C), 
when  exposed  to  the  ordinary  pressure  of  the  atmosphere. 
Now,  if  we  take  the  increase  of  temperature  as  1^  C.  for  each 
100  feet  below  the  surface,  it  would  take  a  depth  of  nearly 
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50,000  feet  to  give  this  temperature.  At  New  Almaden,  for 
example,  which  is  certainly  not  in  the  immediate  vicinity  of 
volcanic  rocks,  since  the  cinnabar  outcrops  ui>on  the  summit  of 
the  hills,  we  should  have  to  assume  an  erosion  to  have  taken 
place  of  nearly  nine  and  a  half  miles  of  strata.  The  age  of  the 
formation  (pronounced  Cretaceous  by  Prol  J.  D.  Whitney,  in 
the  Geological  Survey  of  California),  hardly  admits  of  such  an 
hypothesis  On  the  other  hand  it  is  impossible  that  the  fold- 
ings, etc.,  due  to  mechanical  action,  occurring  as  they  usually 
do  so  gradually,  could  have  given  rise  to  the  necessary  temi)er- 
atnr&  And  even  assuming  that  at  the  time  of  the  formation 
there  was  a  rate  of  increase  of  temperature  with  depth  three 
times  as  great  as  at  present,  it  would  still  require  a  depth 
below  the  surface  of  three  miles  to  give  such  a  temperature. 

Not  only  so,  but  at  such  a  depth  the  enormons  pressure  of 
superincumbent  strata  would  greatly  increase  the  heat  neces- 
sary for  sublimation.  This  fact  is  well  illustrated  by  the  case 
of  water.  The  natural  rate  of  increase  of  temperature  due  to 
internal  heat  can  never  be  great  enough  to  convert  water  into 
steam  except  by  the  presence  of  local  igneous  rocka  PfaflF,  in 
his  Qeologie  als  Exacte  Wissenschaft,  p.  112,  shows  this  by  the 
following  tabla 


'gsssiasf 

Prewnre  of  water 

Tension  of  steam 

Depth  In  feet. 

In  atmoBptaeree. 

in  atmospheres. 

10,000 

100 

300 

1- 

20,000 

200 

600 

15-3 

80,000 

800 

2400 

1416- 

100,000 

1000 

8000 

1877- 

200,000 

2000 

6000 

2403* 

The  third  column  gives  the  weight  in  atmospheres  of  a  col- 
umn of  water  of  a  height  equal  to  the  depth ;  this  is  the  mini- 
mum pressure  to  which  it  can  be  ex{)osed,  unless  we  suppose 
an  extensive  fissure  filled  only  with  air  and  extending  far  up- 
ward. The  fourth  column  gives  the  tension  of  steam  at  the 
temperatures  corresponding  to  the  depths  calculated  according 
tollegnault's  formula.  It  is  evident  that  under  these  condi- 
tions the  water  will  never  boil  at  any  depth  except  in  cases  of 
local  eruptions  of  volcanic  rocka  Although  there  have  not 
been,  to  my  knowledge,  any  determinations  ©f  the  elastic  force 
of  cinnabar  vapor,  it  is  probably  less  than  that  of  steam,  and  the 
above  reasoning  will  apply  with  even  greater  force  to  this  case. 

In  the  second  place,  tne  deposits  themselves,  as  indicated  in 
our  study  of  the  principal  cinnabar  deposits,  do  not  usually 
show  the  signs  of  true  fissure  veins,  but  are  rather  found  irregu- 
larly disseminated  in  layers  and  impregnations ;  nor  are  vol- 
canic rocks  usually  found  in  sufficient  proximity-  to  give  the 
heat  necessary  for  volatilization. 
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In  the  third  place,  the  formatioD  of  many  of  the  ore  bodies 
cannot  be  explained  upon  the  sublimation  hypothesis.  Many 
of  them,  notably  that  of  New  Almaden,  contain  carbonates 
so  intimately  mixed  with  cinnabar  that  the  conclusion  is  inev- 
itable that  they  were  formed  in  the  same,  i.  e.  in  the  wet  way. 
The  occurrence  of  quartz  and  bitumen  intimately  mixed  shows 
the  same  thing. 

Again  M.  Kuss*  himself,  though  evidently  inclined  toward 
the  volatilization  theory,  admits  that :  **  The  material  of  the 
quartzite  which  is  lacking  to-day  in  the  rocks  impregnated 
with  cinnabar,  certainly  could  not  have  been  missing  either  at 
the  time  of  the  first  deposit  of  the  beds  or  after  the  strong  pres- 
sure which  compressed  and  straightened  them.  How  could  this 
disappearance  of  siliceous  matter  be  efiected,  matter  almost 
inattackable  by  all  the  reagents  which  we  can  imagine  to  have 
intervened  during  the  epoch  of  the  formation  of  the  veins  of 
cinnabar  7"  This  disapoearance  of  siliceous  matter  is  certainly 
inexplicable  by  the  sublimation  hypothesis ;  but  by  the  suppo- 
sition that  the  cinnabar  was  deposited  from  solution  in  a  mix- 
ture of  alkaline  sulphides  and  carbonates,  it  is  not  only 
explained  but  also  would  be  a  perfectly  natural  consequence  of 
the  main  supposition. 

Still  again,  of  the  minerals  which  were  mentioned  in  the  first 
part  of  the  paper  as  accompanying  cinnabar,  all,  with  the  possi- 
ble exception  of  majgnetic  iron  pyrites,  have  been  produced  in 
the  wet  way  by  various  experimenters  as  the  following  refer- 
ences will  show. 

Blende,  by  De  S6narmont,  Ann.  Ch.  Phys.,  xxxii,  129. 

Galena,  by  De  S^narmont,  Ann.  Ch.  Phys.,  xxx,  139. 

Fahlore  minerals,  by  De  S^narmont,  Ann.  Ch.  Phys.,  xxxii,  129. 

Iron  pyrites,  by  De  S6narmont,  Ann.  Ch.  Phys.,  xxx,  140. 

Horn  quicksilver,  in  many  ways. 

^n.      .     J  Daubr6e,  ibid. 

^'^^^^y  \  De  S6narmont,  Ann.  Ch.  Phys.,  xxxii,  129. 

Heavy  spar,  De  S6narmont,  Ann.  Ch.  Phys.,  xxxii,  129. 

Dolomite,  Hunt,  Am.  Jour.  Science,  H,  xxviii,  170,  866;  xlii,  49. 

Spathic  iron,  De  S^narmont,  Ann.  Ch.  Phys.,  xxx,  168. 

Gypsum,  Hunt,  Compt  Rend.,  xlviii,  1008. 

o  1       ^«    J  Becquerel,  Compt.  Rend.,  xxxiv,  29,  xxxvi,  207. 
Calc  spar,  |  ^^^  p^^^  ^^  ^^  688. 

The  production  of  bituminous  material  similar  to  idrialite 
has  been  accomplished  in  the  same  way,  by  heating  organic 
matter  with  water  in  closed  tubes  at  high  temperatures.t  In 
fact  this  transformation  is  invariably  regarded  not  as  the  result 

*  Memoire  but  lea  Mines  et  Usines  d' Almaden,  p.  44.  Translation  of  same  by 
writer,  p.  21. 

f  Daabr^  ICetamorphism,  Annales  des  Mines,  5th  series,  vol  zvi,  H,  end  of 
chap.  iy. 
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of  dry  distillation^  but  as  the  effect  of  heat  in  the  presence  of 
water.  And  if  the  temperature  were  great  enough  to  have 
volatilized  ciuDabar,  it  is  probable  that  these  much  more  vola- 
tile hydrocarbons  of  the  original  organic  matter  would  have 
disappeared,  and  we  should  have  anthracite  or  graphite  instead 
of  bitumen,  as  we  do  in  most  of  the  cinnabar  deposita 

In  addition  to  this  we  have  shown  that  the  sulphide  of  mer* 
cury  at  comparatively  moderate  temperatures  is  soluble.in  solu- 
tions of  the  alkaline  sulphides,  that  increase  of  pressure  aids 
rather  than  retards  this  solution^  and  that  cinnabar  is  deposited 
from  such  solutions  in  the  crystallized  form  when  the  tem- 
perature and  pressure  are  slowly  lowered.  We  have  shown 
that  by  adding  sulphydric  acid  to  the  mineral  spring  water, 
now  existing  in  the  neighborhood  of  one  of  the  most  noted  of 
these  deposits,  we  were  enabled  to  produce  the  same  effects. 
For  various  reasons,  which  it  is  unnecessary  to  state  here,  it  is 
probable  that  this  spring  once  contained  sulphydric  as  well  as 
carbonic  acid,  and  we  have,  consequently,  in  the  case  of  the 
New  Almaden  mine,  sufficient  cause  at  least  for  the  deposit 
without  invoking  the  sublimation  theory. 

Again,  the  occasional  occurrence  of  metacinnabarite  is  easily 
explainable  by  the  sudden  dilution  of  the  depositing  waters  by 
waters  of  other  springs,  by  water  from  above,  or  by  the  local 
mixing  during  the  crystallization  process  with  carbonic  or  other 
acid  gases,  ouch  a  mixture  of  amorphous  sulphide  with  min- 
ute crystals  of  cinnabar,  as  described  by  Moore,  (TJeber  das 
Yorkommen  des  amorphen  Quecksilbersulfids  in  der  Natur)  is 
easily  reproduced  by  any  of  these  methods.  No  other  theory 
so  well  accounts  for  the  intimate  mixture  of  the  two  varieties ; 
for  the  amorphous  product  produced  by  suddenly  cooling  the 
vapor  presents  an  entirely  different  appearanca 

Finally,  the  almost  univeraal  occurrence  of  these  deposits  in 
metamorphic  rather  than  in  igneous  rocks,  accords  well  with 
the  theory  that  these  deposits  as  they  exist  in  situ  are  the  immediate 
resuU  of  the  action  of  solutions  of  alkaline  carbonates  containing 
also  alkaline  sulphides. 

There  are  still  many  other  points  of  interest  in  this  connec- 
tion which  are  difficult  to  understand.  Such,  for  example,  are 
the  wide  spread  association  of  serpentine  and  other  magnesian 
rocks,  and  of  the  bituminous  substance  idrialite  with  cinnabar. 
It  is  possible  that  these  are  conditions  as  well  as  mere  concomi- 
tants. Lastly,  there  remains  the  occurrence  of  native  mercury 
to  be  explained.  Unless  we  regard  it  as  the  effect  of  the  locm 
oxidation  of  a  very  stable  compound,  its  appearance  is  well  nigh 
inexplicable  upon  either  hypothesis. 
Uoiyertitj  of  California,  Berkeley,  Dea,  1878. 
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Abt.  UX. — Notice  of  Recent  Scientific  Publications  in  Brazil — 
0.  A.  Derby  on  the  Oeology  of  the  Lotver  Amazonaa;  by  RiCH- 

ABD  EaTHBUN. 

The  Archivos  of  the  National  Museum  of  Rio  de  Janeiro, 
which  were  started  in  1876,  and  of  which  only  a  single  volume 
was  published  regularly,  have  again  made  their  appearance. 
The  numbers  recently  received,  and  issued  only  in  the  early 
part  of  this  year,  comprise  volume  II  complete,  for  1877,  and 
the  first  half  of  volume  III,  for  1878.  They  are  accompanied 
by  numerous  plates,  some  of  which  seem  to  have  been  carefully 
executed.  The  cause  of  the  delay  in  the  publication  of  this 
annual,  the  onlj  one  devoted  to  natural  history  memoirs  in 
Brazil,  is  not  given,  but  the  high  character  of  several  of  the 
articles  contained  in  the  present  volumes,  partially  compen- 
sates for  their  late  issue. 

Dr.  Fritz  Miiller,  of  Santa  Catharina,  contributes  to  both 
volumes  interesting  papers  on  certain  structural  points  among 
insects,  principally  on  the  scent-bearing  organs  oi  several  spe- 
cies of  Lepidoptera,  and,  in  volume  11,  treats  of  the  correlation 
of  the  versicolored  flowers  of  a  species  of  Laiana^  of  Santa 
Catharina,  and  the  insects  which  fertilize  them.  Dr.  Lacerda, 
of  the  Museum,  gives  the  results  of  his  experiments  with  the 
pobonof  Bothrops  jararaca  and  Bufo  ictericus  on  several  domes- 
tic animals.  The  second  volume  also  contains  **Note8  on  the 
Localities  of  Antiquities  (Ceramios)  of  Para,"  by  S.  Ferreira 
Penna,  and  an  extended  memoir,  entitled  "  Notes  on  the  Stone 
Lip-ornaments  of  the  Archaeological  Collection  of  the  National 
Museum,''  by  Dr.  Ladislau  Netto,  the  director  of  that  institu- 
tion. In  the  third  volume  are  two  short  geolo^cal  and  min- 
eralogical  studies  of  smaU  sections  in  the  province  of  Minas 
Geraes,  by  members  of  the  School  of  Mines  of  Ouro  Preto. 

The  paper  of  ^eatest  interest  to  North  Americans,  however, 
is  "  A  Contribution  to  the  Geology  of  the  Lower  Amazonas,"* 
by  Mr.  Orville  A.  Derby,  formerly  of  the  Geological  Commis- 
sion of  Brazil,  but  recently  appointed  geologist  in  the  National 
Museum  at  Rio  de  Janeiro.  This  memoir,  which  occupies  consid- 
erable space  in  volume  II,  is  a  r^um^  of  the  principal  results  of 
the  explorations  of  the  late  Prot  Ch.  Fred.  Hartt,  Mr.  Derby 
and  others,  in  the  Amazonian  valley,  and  adds  many  important 
facts  and  generalizations  to  those  hitherto  publishea. 

The  first  portion  of  the  paper  is  devoted  to  a  discussion  of  the 
topography  and  hydrograpny  of  the  basin  of  the  Amazonas,  and 
of  the  relations  of  the  great  river  and  its  many  large  tributaries 

*  The  Eng^iah  Teraion  o{  this  paper  was  published  in  the  Prooeedings  of  the 
American  Philosophical  Sodetj  of  Philadelphia,  for  February,  1879. 
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to  the  surroanding  table-lands  and  mountain  chains,  which  direct 
their  courses.  Mr.  Derby  endeavors  to  show  that  between  the 
three  sections  of  the  Bio  Amazonas,  popularly  called  the  Mara- 
£Lon,  Solimoes  and  Baixo  Amazonas,  or  upper,  median  and 
lower  courses,  there  exist  not  only  topographical  differences,  but 
also  very  marked  differences  in  geological  structure.  After 
briefly  describing  the  general  geological  history  of  the  Amazo- 
nian region,  as  brought  out  by  Prot  Hartt,  the  author  enters 
into  a  detailed  account  of  the  several  formations,  that  have 
been  discovered  in  the  lower  valley,  the  immediate  subject  of 
bis  article.  The  most  important  conclusions  recorded  by  him 
are  the  following : 

The  metamorphic  deposits  composing  the  plateau  and  moun- 
tain range  between  Guayana  and  Brazil,  and  the  central  Bra- 
zilian pkteauy  and  thus  bordering  the  Lower  Amazonian  basin 
on  the  north,  and  forming  its  higher  lands  on  the  south,  may 
be  divided  into  two  series — ^a  lower  one,  consisting  of  highly 
crystalline  rocks,  and  an  upper  one,  of  generally  non-crystalline 
rocka  The  former,  whicn  constitutes  the  most  of  the  Guay- 
anian  plateau,  and  forms  the  base  of  that  of  Brazil,  consists  of 
gneiss,  gneiss-granite  and  syenite,  and  has  been  referred  by 
jrrol  Hartt  to  tne  Laurentian.  The  Serra  do  Mar  and  the  Serra 
do  Mantiqueira,  farther  south  in  Brazil,  are  made  up  of  the 
same  formation. 

The  second  or  upper  series,  composed  mostly  of  quartzites, 
metamorphic  schists  and  crystalline  limestones,  probaoly  repre- 
sents both  the  Huronian  and  Lower  Silurian,  as  an  apparent 
difference  in  age  is  exhibited  in  the  exposures  of  these  rocks. 
To  the  Lower  Silurian  are  referred,  as  before,  the  itacolumites 
and  talcose  schists  of  Minas  Geraes.  The  metamorphic  rocks 
are  generally  well  exposed  in  the  falls  and  rapids  of  the  several 
tributaries  of  the  Amazonas,  the  upper,  or  non-crystalline  series 
being  usually  the  first  reached  in  ascending  these  rivers. 

The  southern  edge  of  the  metamorphic  deposits  of  the  Guav- 
anian  plateau,  banning  near  the  Atlantic,  in  about  1^  north, 
extenos  a  little  south  of  west  to  near  the  confluence  of  the  Bios 
N^ro  and  Branco,  between  latitudes  V  and  2°  south;  the 
northern  edge  of  the  same  rocks  in  the  plateau  of  Brazil  pre- 
sents a  line  of  exposures,  which  pass  the  Tocantins,  between 
8*"  and  4"*  S.,  the  Tapajos,  between  4"*  and  6"*  S.,  and  the  Ma- 
deira, between  8**  and  H^  S.  The  edges  of  the  metamorphic 
regions,  thus  defined,  mark  approximatelv  the  borders  of  the 
ancient  channel,  which  existed  between  the  primitive  islands  of 
BrazU,  and  in  which  were  laid  down,  without  great  changes  of 
level,  or  disturbances,  the  newer  formations  from  the  upper 
Silurian  to  the  Cretaceous  inclusive. 

There  is  a  certain  concordance  in  stratification  between  the 
Am.  Joos.  Soi.— Thibi)  Sbbibs,  Vol.  XVII,  No.  lOS.— Jum,  1879. 
32 
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beds  of  the  two  series  of  the  metamorphic  deposits,  but  the  evi- 
dence goes  to  prove  that  the  older,  or  Laurentian,  had  been 
more  or  less  disturbed  and  metamorphosed,  before  the  deposi- 
tion of  the  newer,  although  the  great  general  movement  of  up- 
heaval, that  affected,  and  gave  character  to,  the  entire  meta- 
morphic region  of  Brazil,  was  posterior  to  both. 

The  formations  above  the  metamorphic,  so  far  observed  in 
the  Lower  Amazonian  valley,  are  the  Upper  Silurian,  Devo- 
nian, Carboniferous,  Cretaceous  and  Tertiary.  The  Upper  Silu- 
rian immediately  follows  the  metamorphic  series,  on  the  north 
side  of  the  vallev,  but  has  not  yet  been  recognized  to  the  south 
of  the  Amazonas.  On  the  Bios  Trombetas,  Curua  and  Mae- 
curd,  where  they  were  examined  by  Mr.  Derby  and  his  party, 
the  rocks  of  this  formation  are  exposed  over  an  area  of  only  a 
few  miles  in  width,  have  an  estimated  thickness  of  about  1,000 
feet,  and  rest  upon  felsite  and  syenite ;  they  are  very  gently  in- 
clined, and  consist  mostly  oi  tbinbedaed,  argillaceous  and 
micabeous  sandstones,  with  some  massive  beds  of  pure  sand- 
stona  In  the  lower  part  of  the  series,  on  the  Trombetas,  are 
fossiliferous  beds,  containing  in  addition  to  other  species,  Ar- 
ihrophycus  Harlani  Hall,  Lingula  cuneata  Con.,  Orthis  hybrida 
Sow.  and  Bucania  trilobcUa  Con.,  which  indicate  an  horizon  cor- 
responding to  the  Medina  Sandstone  of  the  Niagara  group  of 
North  America. 

The  Devonian  rocks  occupy  a  broader  superficial  area  than 
the  Upper  Silurian,  but,  so  far  as  studied,  are  of  less  thickness, — 
about  530  feet.  They  have  been  traced  northward  from  Erer6, 
where  they  were  first  discovered  by  Prof.  Hartt,  in  1870,  a  dis- 
tance of  about  seventy-five  miles,  on  the  Bios  Maecuni  and 
Curua.  Three  sections  or  groups  were  readily  distinguished, 
differing  from  one  another,  both  in  lithological  characters  and 
in  fossils.  The  lower,  or  Maecurd  group,  having  a  thickness  of 
about  thirty  feet,  consists  entirely  of  coarse  sandstones,  and  is 
very  fossiliferous.  The  only  fossils  of  this  section  that  have 
been  determined  are  the  Brachiopods,  which  prove  that  the  sec- 
tion is  closely  related  to  the  Upper  Helderberg  of  North  Amer- 
ica, but  has  also  many  characters  in  common  with  the  Ham- 
ilton group. 

The  second  or  Erer^  group  has  an  estimated  thickness  of  about 
200  feet,  is  made  up  mostly  of  finegrained  micaceous  sand- 
stones, with  some  beds  of  black  shale,  and  is  underlaid  by  beds 
of  cherts.  The  fossils,  which  are  mostly  Brachiopods,  are  in 
part  identical  with  those  of  the  Maecuni,  in  part,  with  those  of 
the  Hamilton  group  of  North  America.  The  upper  group, 
called  the  Curua,  is  about  800  feet  thick,  and  consists  almost 
entirely  of  black  and  yellowish  shales,  passing  at  times  into 
shaly  sandstones.     The  only  recognizable  fossils  discovered 
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were  SpirophyUms^  apparently  belonging  to  the  same  species  as 
those  described  from  the  Hamilton  group  of  New  York. 

The  Devonian  rocks  in  the  Erer^  region  have  suffered  greatly 
by  denudation,  and  are  much  dislocated  and  divided  by  trap 
dykes,  making  their  study  very  difficult  Beds  apparently  of 
Devonian  age  have  been  found  as  far  west  as  the  Bio  Uatuma, 
and,  to  the  south  of  the  Amazonas,  on  the  Tapajos  and  Xingd. 

Of  all  the  Paleozoic  deposits  of  the  Amazonian  valley,  the 
Carboniferous  is  exposed  over  the  largest  area,  but,  at  the  same 
time,  presents  the  greatest  difficulties  to  study.  Being  com- 
posed for  the  most  part  of  soft  rocks,  it  has  been  much  denuded 
only  widely-separated  exposures  remaining,  of  which  it  is 
difficult  to  determine  the  correlation  of  the  several  beds.  It  is, 
therefore,  also  impossible  to  estimate  with  certainty  the  thick- 
ness of  the  series,  which  probably  exceeds  1,800  feet  The 
rocks  are  soft  sandstones,  shales  and  limestones,  of  which  the 
latter,  though  having  the  least  thickness,  are  the  most  important, 
from  their  being  the  best  preserved  and  the  richest  in  fossil 
remains.  The  fossiliferous  beds,  originally  studied  by  Prof. 
Hartt  and  Mr.  Derby  on  the  Tapajos,  were  traced  to  the  north 
of  the  Amazonas,  on  the  Eios  Maecuru,  Curua,  etc.  The  differ- 
ent exposures,  however,  appear  to  represent  about  the  same 
limited  horizon,  characterized  by  identical  fossils. 

The  region  over  which  the  Carboniferous  has  been  actually 
observed,  is  defined  by  Mr.  Derby  as  follows :  On  the  south 
side  of  the  valley,  it  reaches  up  the  Tapajos,  to  near  the  base  of 
the  rapids ;  westward  it  extends  to,  or  beyond,  the  Rio  Mauh^- 
assii,  situated  midway  between  the  Tapajos  and  Madeira,  and 
eastward  to,  or  beyond,  the  Xingit  To  the  north  of  the  Amazo- 
nas, it  stretches  some  distance  northward  of  the  region  of  Alen- 
quer,  partially  covering  up  the  Devonian  between  Erer6  and 
tne  Maecurd  locality,  and  has  been  found  to  the  west,  on  the 
Rio  Uatuma,  and  to  the  east,  on  the  Rio  Jauary  near  Prainha. 
There  can  be  no  doubt  but  that  the  Carboniferous  really  ex- 
tends much  farther  west,  and  eastward,  to  near  the  Atlantic. 
From  what  has  been  said  before,  however,  it  will  be  under- 
stood that  this  formation  is  not  exposed  over  the  entire  region 
above  defined,  although  at  one  time  it  must  have  been  con- 
tinuous thera  It  was  observed  on  the  principal  rivers  men- 
tioned, generally  in  the  vicinity  of  the  lower  falls  or  rapids, 
and  also  at  many  intermediate  localities,  but  is  mostly  covered 
np  by  more  recent  formations,  or  by  dense  forest  growths,  and 
over  large  tracts  has  been  completely  swept  away.  Notwith- 
standing the  fact  that  the  fossils  of  this  group  indicate  an  hori- 
zon, equivalent  to  the  Coal  Measures  of  North  America,  no 
seams  of  coal  have  yet  been  found  on  the  Amazonas.  The 
beds  lie  as  a  rule  nearly  horizontal 
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Mr.  Derby  refers  the  sandstone  hills  of  the  Erer^  series^ 
which  surround  the  Devonian  plain  of  the  same  name,  to  the 
Cretaceous,  from  a  study  of  the  leaves  of  dicotyledonous  plants, 
contained  in  some  of  the  beds.  These  hills,  which  are  com- 
posed of  inclined  strata,  were  elevated  during,  or  at  the  close 
oi^  the  Cretaceous  age,  as  a  broad  anticlinal  ndge,  afterwards 
denuded  away  in  the  central  portion,  so  as  to  uncover  the  De- 
vonian plain,  and  leave  the  present  series  of  monoolinal  ridges^ 
disposea  in  the  shape  of  an  ellipse. 

Much  of  Mr.  Derov's  paper  is  also  devoted  to  the  extensive 
Tertiary  deposits  and  the  varzea  of  the  Amazonian  valley,  sub- 
jects already  treated  of  at  some  length  by  Plrof.  Hartt 


Abt.  LX. — First  Cakdog^ie  cf  BadUmt  Points  of  Meteors  ; 
by  Edwin  F.  Sawybb. 

The  following  meteoric  radiant  points  have  been  deduced 
from  my  observations,  embracing  the  recorded  paths  of  nearly 
600  shooting  stars,  seen  during  the  last  two  years  (1877-8)  at 
Cambridge,  Mass.  Amon^  the  number  may  possibly  be  found 
one  or  two  doubtful  positions,  and  a  few  strongly  suspected 
and  probably  new  showers  requiring  confirmation.  The  other 
positions  either  confirm  those  deduced  by  other  observers,  and 
heretofore  considered  rather  doubtful,  or  are  those  of  old  and 
well  established  meteor  systems.  The  limits  of  duration  of 
the  several  showers  are  naturally  uncertain;  the  results  show- 
ing only  the  observed  duration,  and  not  the  true  period,  which 
important  element  should  receive  the  closest  attention  of  ob- 
servers in  the  futura  Considerable  complication  has  arisen 
from  the  large  number  of  known  radiants,  and  more  atten^on 
should  be  given  to  establishing  and  identifying  bevondadoubt 
the  true  positions  of  those  already  catalogued,  with  their  limits 
T>f  duration,  than  to  the  discovery  of  new  and  in  many  cases  no 
doubt  pseudo-meteor  streams. 

The  theoretical  shifting  of  the  radiant  point  of  a  shower  from 
day  to  day  as  the  earth  changes  its  position,  should  also,  it 
seems  (in  the  majority  of  cases),  be  practically  shown  in  deduc- 
ing the  results ;  although  the  approximate  character  of  this 
class  of  observations,  renders  it  difficult  to  notice  any  shifting 
of  position  at  intervals  of  less  than  a  week.  This  important 
point  should  engage  the  attention  of  all  observers,  as  going  far 
to  demonstrate  the  period  of  long  enduring  showers. 

In  deducing  my  results,  ^esX  care  has  not  only  been  exer- 
cised in  regarding  the  peculiarities  of  each  individual  meteor 
mapped,  such  as  length  of  path,  velocity,  magnitude,  etc.,  but 
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9 
10 


11 
12 

13 

14 

16 
16 


Dates  of 
ObflerTstioM. 


1878. 
Dec.  Si-Jan.  7. 

1878. 
Jan.  29-F^b.  3. 

1878. 
F^b.  24-26. 


1878. 
Mardi  2^-31. 


1877. 
May  3-7. 

1877. 
June  24-Jul7  3. 

1878. 
July  28. 


1878. 
July  21-23. 


1878. 
July  23. 

1877. 
Aug.  10. 

1877. 
Aug.  11. 

1878. 
Aug.  10. 


Aug. 
Aug. 

Aug. 

Aug. 

Aug. 
Sept 


1878. 
10. 

1878. 
23-SepL  1. 


1878. 
25-Sept  1. 


1878. 
25-30. 


1878. 
20-27. 

1878. 
30-Oot  2. 


Badlant  point. 


B.A. 


Dee. 


167+42 
145+  8 

204  +  34 

223  +  21 
287  +  25 

337-33 

291  +  27 

285+49 

43-56 

43  +  57 
44+561 

8  +  55 
282+42 

335  +  64 

237  +  65 

274+20 
23  +  17 


41 


21 


11 


Meteors  faint  and  rapid,  poflsibly  a  new 
ahower.  Radiant,  very  near  /  Geminorum. 

Quite  faint,  abort  and  rapid  meteors.  Oon- 
firms  Heis  (M  1\  169"*+46^  Jan,  16- 
Feb.  1. 

Meteors  yeej  faint,  with  medium  velocity  and 
length  of  path;  one  stationary  meteor. 
Denning,  from  Italian  Met  Asso.  Obs., 
1872,  at  147* +4*,  Ffeb.  1-Mar.  12. 

Meteors  quite  brilliant  and  slow,  with  me- 
dium length  of  path.  Bvidently  confirms 
Greg  and  Hersdiel,  at  198* +32%  Mar.  25 
-Apr.  24. 

Meteors  faint,  short  and  rapid.  Denning, 
at  220** +  21%  April  21,  1874.  Badiant 
near  f  Bootis. 

Meteors  generally  faint,  short  and  quick. 
Badiant  near  /3  CygnL  Denning,  at  285^ 
+  32%  June  15-17,  1877.  Tupman,  at 
280'' +  29^,  June  29-30,  1870. 

Meteors  bright  and  very  slow,  with  long 
paths.  Herschel,  at  339o-34%  July  20- 
Sept  20.  Seen  well  by  A.  &  Herschel, 
July  28,  1865. 

Meteors  faint  and  quick,  with  medium  length 
of  path.  Denning,  from  Italian  Met  Asso. 
Obs.,  1872,  at  287' +  27%  July  15-Aug.  2. 
Ck>mpare  No.  6. 

Meteors  quite  bright,  short  and  slow.  Den- 
ning, from  Italian  Met  Asso.  Obs.,  1872, 
at  285* +44%  July  15-Aug.  2. 

Perseids.  Meteors  brilliant,  with  quite  long 
paths.  Duration  of  observation,  f  of  an 
hour.    Horary  No.  55. 

Observation  from  9.30  to  10.30.  Meteors 
bright  and  short 

Meteors  very  bright,  short  and  rapid.  Dura- 
tion of  observation  If  hours.  Horary 
No.  33.  Position  deduced  from  one  sta- 
tionary meteor  and  several  short  tracks 
near  the  focus. 

Meteors  bright,  short  and  rapid.  Confirms 
Denning,  at  8*'  +  53<>,  Aug.  3-16,  1877. 
Badiant  between  a  and  f  CtossiopeiflB. 

Active  shower;  meteors  bright  and  rapid, 
with  quite  long  paths.  Mean  of  5  {wei- 
tions  from  Qr^s  Table,  1876,  at  281"  + 
38%  July  29-Sept  25. 

Meteors  generally  bright,  short  and  rapid. 
Greg  and  Herschel,  at  335^  +  67%  Aug.  6 
-31.  SdhiapareUi  and  Zesioli,  at  340^  + 
660,  Aug.  28. 

Position  well  deduced ;  meteors  bright,  short 
and  rapid.  Denning,  from  Italian  Met 
Asso.  Obs.,  1872,  at  235^  +  65%  Aug.  24r- 
Sept  14. 

Short,  quick  meteors.  Denning,  from  Italian 
Met  Asso.  Obs.,  1872,  at  270'' +  20%  Aug. 
24-Sept  14. 

Strongly  suspected,  and  possibly  a  new 
shower.  Meteors  quite  bright,  short  and 
rapid. 
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1877. 
Oct  28. 


1878. 
Oct  17-22. 


1878. 
Oct  21-22. 


1878. 
Oct  20-29. 

1877. 
Oct  30-Noy.  11. 


1877. 
Not.  4-11. 


1877. 
Nov.  30-Dec.  9. 

1878. 
Not.  26-29. 

1878. 
Nov.  24. 


1878. 
Nov.  23-29. 


1878. 
28  Nov.  24-29. 


29 


30 

31 
k 
32 


1877. 
Dec  1-9. 

1877. 
Dec.  7-9. 

1877. 
Dec.  28-29. 
1878,  Dec.  22-26. 
1878,  Dea  25. 


Dec. 


3  +  21 
333  +  23 

366  +  40 

28  +  33 

47  +  27 

24  +  19 
30  +  21 

60  +  18 

80  +  22 

82  +  21 

330  +  63 

76+46 

25  +  26 
97  +  16 

54  +  35 

104+33 
102+35 
114  +  18 


BeoiarkB. 


Exact  Meteors  bright,  short  and  swift  A 
new  shower.  ? 

Rather  uncertain.  Meteors  bright,  short 
and  slow.  Denning,  from  Italian  Met 
Asso.  Obs.,  1872,  at  333° +  27%  Aug.  24- 
Sept  14. 

Position  exact.  Active  shower,  8  recorded 
during  f  of  an  hour ;  earlj  eve.  Meteors 
faint  and  short  Schiaparelli  and  Zizioli, 
at352'*  +  41,  Nov.  13. 

Meteors  generally  quite  bright,  short  and 
rapid.  Confirmed  by  H.  Corder,  Oct  22- 
31,?  1878,  at  32^  +  34''  Radiant  near  e 
Triangulorum.    Possibly  new. 

Faint,  ^rt  and  rapid  meteors.  Greg  and 
Herschel,  at  43•  +  26^  Oct  18-Nov.  13. 
Denning,  at  47** +  28%  Oct  8;  and  from 
Italian  Met  Asso.  Obs.,  1872,  at  45°  +  26% 
Oct  29-Nov.  13. 

Me^rs  bright,  short  and  generally  rapid. 
Radiant  near  /?  Arietis.  Gruber,  at  21°  + 
22%  Oct  17-24. 

Meteors  faint,  with  short  paths.  Radiant 
near  a  Arietis.  Evidently  confirms  Tup- 
man  (94),  at  30°-f22%  Nov.  3,  1869. 
Compare  No.  22. 

Taurids  L  Meteors  generally  quite  brilliant, 
with  medium  length  of  path.  Denning, 
average  position  at  60° +  20%  Oct  17- 
Nov.  13,  1877. 

Taurids  n.  Meteors  generally  quite  bright 
and  quick,  with  medium  length  of  path. 
Denning,  Nov.  25-Dec.  13,  at  80° +  26°. 

Meteors  quite  bright,  generiedly  slow,  with 
medium  length  of  path.  Principally  seen 
on  Nov.  29. 

Strongly  suspected.  Meteors  faint,  quidc 
and  short,  and  recorded  during  1  hour's 
observation  in  W.  Denning,  from  Met 
Ass.  Obs.,  1872,  at  330° +  66°,  Nov.  26- 
Dec.  31. 

Rapid,  short  and  faint  meteors.  3  recorded 
in  rapid  succession  on  the  24th.  Position 
exact  Confirms  a  radiant  deduced  at 
Pola,  Nov.  27,  1872,  at  76°.6+46°. 

Meteors  quite  bright,  short  and  slow.  Den- 
ning, from  Italian  Met  Asso.  Obs.,  1872, 
at  24° +  27%  Nov.  26-Dec.  31. 

Meteors  generally  faint,  with  very  rapid 
motion.  Possibly  new.  Radiant  center 
very  near  y  Geminorum.    Compare  No.  1. 

Strongly  suspected.  Meteors  quite  faint  and 
quick,  witti  quite  long  paths. 

Geminids.    Meteors  fidnt,  short  and  quick. 

Geminids.    Meteors  faint,  short  and  quick. 

Meteors  generally  bright,  short  and  rapid; 
all  recorded  during  I  hour^s  watch ;  good 
radiation.  Schmidt^  Jan.,  at  R.  A.,  115° 
+  15°. 
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during  the  past  year  a  certain  weight  has  been  attached  to  each 
meteor  mapped,  showing  the  accuracy  of  the  path  recorded,  on  a 
scale  of  one  to  four,  and  its  corresponding  value  used  in  deduc- 
ing the  centers  of  radiation  ;  and  the  results  are  believed  to  be 
as  nearly  correct  as  the  number  of  meteors  recorded  and  the 
nature  of  the  observations  will  allow.  Observations  were  taken 
nearly  every  fair  night  in  the  absence  of  the  moonlight,  but 
were  confined  principally  to  the  evening  hours,  between  6  and 
11  p.  H.  The  exceptions  were  morning  watches  in  April, 
1878,  August,  1877-8,  and  November,  1877-8,  for  the  appear- 
ance of  the  Lyraids,  Perseids,  and  Leonids.  With  the  excep- 
tion of  the  Perseids,  these  gave  negative  results ;  only  two  or 
three  scattering  members  from  each  stream  being  recorded. 
The  periods  of  watching  each  evening  varied  from  one  to  four 
hours  in  duration,  and  aggregate  187  hours  in  all.  The  obser- 
vations were  mostly  confined  to  the  eastern  quarter  of  the  sky, 
the  few  exceptions  being  watches  in  the  west  during  the 
months  of  August,  September  and  November,  1878. 

In  deducing  the  results,  the  method  employed  by  Pro! 
Schiaparelli,  (i.  e.  deducing  the  material  obtained  from  each 
evening's  observations,  or  those  of  a  few  evenings  at  most),  has 
been  used.  The  positions  deduced  from  less  than  four  meteors 
(of  which  there  were  a  large  number),  have  been  rejected.  In 
giving  weight  to  the  difierent  positions  deduced  by  me,  observ- 
ers should  bear  in  mind  that  the  small  number  of  meteors, 
recorded  in  many  of  the  cases,  result  from  one  or  more  of  the 
following  causes : 

1.  The  shortness  of  the  period  from  which  each  shower  is 
deduced,  averaging  about  five  days,  the  average  period  of  most 
observers  being  from  twenty  to  thirty  days.  II.  To  the  gen- 
erally unfavorable  hours,  between  which  the  observations  were 
taken,  before  midnight,  when  meteors  are  much  less  abundant, 
than  during  the  morning  hours.  IIL  To  the  small  number  of 
hours  during  which  I  was  able  to  watch  each  evening,  espe- 
cially in  the  spring  and  winter  months  ;  several  showers  bemg 
deduced  from  one  or  two  hours'  watch  only. 

Corresponding  observations  of  the  same  meteors  are  doubt- 
less of  great  value  in  determining  the  heights,  etc.,  of  the 
meteors,  as  well  as  their  radiant  points,  and  during  the  latter 
part  of  last  August,  the  writer  together  with  Mr.  Setn  C.  Chand- 
ler, Jr.,  made  a  series  of  observations  at  stations  some  seventy 
miles  apart ;  the  reduction  of  the  same  is  now  being  done  by  Mr. 
Chandler. 

Another  series  has  been  partly  arranged  and  carried  out  by 
the  writer  and  Mr.  Oliver  C.  Wendell,  of  Lowell,  Mass.,  and 
it  is  to  be  hoped  that  other  observers  will,  during  the  coming 
year,  be  found  willing  to  engage  in  this  important  work. 
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Art.  LXL — Notice  of  recent  Additions  to  the  Marine  Fauna  of 
the  Eastern  coast  of  North  America^  No,  5 ;  by  A.  E.  Vebrill. 
Brief  Contributions  to  Zoology  from  the  Museum  of  Yak  College. 
No.  XLIL 

Op  Polyzoa  about  140  species  have  been  identified  by  the 
writer  from  the  coast  between  Cape  Cod  and  Labrador.  Nearly 
all  these  are  Arctic  or  European  species,  already  known. 
They  are  mostly  described  in  Smitt's  papers  on  Arctic  Bryozoa. 
They  are  also  mostly  enumerated  by  the  writer,  in  a  Check-list 
of  tne  Marine  Invertebrata  of  this  coast,  now  in  type.  The 
following  is  one  of  the  more  interesting  new  forms. 

The  recent  determination  of  so  large  a  number  of  American 
Polyzoa,  confirms  the  decision  already  arrived  at,  several  years 
a^o,  from  the  study  of  other  classes,  that  the  fauna  of  northern 
New  England  is  remarkably  arctic  and  chiefly  of  northern  ori- 
gin, and  that  the  fauna  of  Greenland  is  more  allied  to  that  of 
Northeastern  America  than  to  that  of  Northern  Europe.  In  a 
valuable  paper*  on  the  Podophthalmous  Crustacea  of  our 
northern  coast,  just  published.  Professor  S.  L  Smith  has  arrived 
at  the  same  results  for  that  group. 

BuguleUa^  gen.  nov. 
Stems  slender,  dichotomously  branched,  consisting  of  single 
series  of  cells  (zooecia),  which  are  connected  by  short  tubular 
joints  that  arise  medially,  from  the  back  and  near  the  distal 
end  of  the  preceding  cell,  either  aingly  or  two  together.  Zooecia 
elongated,  expanded  distally,  with  a  large,  sunken,  elliptical 
frontal  area  on  the  front  side,  close  to  the  end;  gradually 
tapered  to  the  proximal  end,  which  is  united,  by  an  articulation, 
with  the  tubular  process  of  the  preceding  cell,  representing  the 
stem.  New  branches  arise  laterally  from  these  small  joints. 
Frontal  area  surrounded  by  spines.  Ooacia  subglobular,  at- 
tached to  the  distal  end  of  the  zooecia.  Avicularia  median,  at 
the  distal  end  of  the  zooecia,  shaped  as  in  Bugula.  Allied  to 
Bicellaria  and  perhaps  to  Brettia, 

BugyileUa  fragilisy  sp.  nov. 

Zoarium  translucent,  shining,  delicate,  Aliform,  much 
branched;  forming  intricate  divaricate  clusters,  sometimes  an 
inch  or  more  in  height  Apertures  broad  oval  or  elliptical, 
oblique,  with  a  distinct  rim,  and  with  five  spines,  on  each  side; 
of  these  the  two  nearest  the  distal  end  are  much  shorter  than 
the  other  three,  which  are  as  long  as  the  breadth  of  the  aper- 
ture, and  arch  over  it  Sometimes  a  median  spine  is  also 
present  at  the  proximal  edge.     Ovicells  globose,  prominent, 

*  The  Stalk-ejed  CrusteoeanB  of  the  AUantic  Coast  of  North  America  north  of 
Cape  Cod.    Trans.  Connecticut  A.ca<L,  yoL  t,  Part  I,  Ifay,  1879. 
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nearly  as  wide  as  the  zooecial  apertures,  smooth,  shining,  some- 
times sculptured  with  raised  lines,  or  with  rounded  sunken 
areas  on  the  sides.  A  small  oval  disk  on  the  lateral  surfaces 
of  the  zooecia.  Avicularia  small,  with  a  rather  short,  thick, 
swollen  head,  the  pedicel  shorter  than  the  vertical  diameter  of 
the  bead,  attached  to  the  distal  end  of  the  zocecia. 

East  of  George's  Bank,  220  fathoms,  on  AcaneUa  Normani 
Presented  to  the  U.  S.  Fish  Commission  by  the  captain  and 
crew  of  the  schooner  "  Alice  G.  Wunson." 

ECHIN0DBBKATA« 

JSolaster  JEktrUii,  sp.  nov. 

A  lar^  handsome  species.  Arms  nine  in  our  8|)ecimen, 
elongated,  tapering.  Upper  surface  thickly  covered  with  clus- 
ters of  divergent  spinules,  mostly  six  to  eight,  much  smaller 
and  shorter  than  in  C.  pappasus.  Marginal  plates  large,  prom- 
inent, the  largest  bearing  about  twenty  spinules,  in  two  trans- 
verse rowa  Ventral  plates  with  about  seven  or  eight  long  acute 
spines  in  one  transverse  row.  Adambulacral  plates  with  about 
five  shorter,  more  slender  spines.  Greatest  diaipeter  180°™ ; 
lesser  50°™.  Taken  in  lat  48^  24' ;  long.  59^  46',  in  200  to  250 
fathoms,  bv  the  schooner  **  Bessie  W.  &)mers,''  and  presented 
to  the  U.  S.  Pish  Com.  by  Capt  Thomas  P.  Hayden. 

Dedicated  to  Mr.  R.  E.  Earll  of  the  U.  S.  Fish  Commission. 

Molpadia  turgida^  sp.  nov. 

Body  large,  elongated,  turbid,  suddenly  tapering  posteriorly 
to  the  slender,  moderately  long  caudal  portion.  Tentacles 
short,  almost  rudimentary,  two-lobed,  seldom  expanded.  Skin 
thin,  often  somewhat  translucent,  dark  reddisn  or  purplish 
brown,  filled  with  perforated  table-shaped  or  spinulated  plates, 
and  with  numerous  regular,  circular  and  oval,  biscuit-shaped 
orange-brown  calcareous  grains,  of  various  sizes,  less  numerous 
than  in  i/.  odlitica,  but  Sir  more  numerous  and  more  regular 
than  in  M.  borealis.  These  grains  have  a  concentric  structure, 
either  around  one,  or,  when  oval,  around  two  nuclei.  The 
perforated  plates  are  rather  large  and  irregular,  but  delicately 
lormed,  much  less  irregular  and  larger  than  in  M,  horealia. 
They  usually  have  a  central  circle  of  three  to  six  foramina, 
then  a  circle  of  ten  or  more,  larger,  oval  foramina,  separated  by 
a  thin  framework,  which  runs  out  into  irrc^lar  projections 
beyond  the  border;  the  central  spinule  is  elongated,  acute, 
consisting  of  three  or  four  columns.  The  largest  specimens 
are  about  125°"°  long,  and  25  to  80°™  in  diameter. 

Bay  of  Fundy,— A.  E.  VerriU  and  S.  I.  Smith,  1865.  Massa- 
chusetts Bay,  40-100  fath.,  soft  mud,  1877,  '78 ;  Gulf  of  Maine, 
1874 ;  Casco  Bay,  1878 ;  off  Nova  Scotia,  1877,— tJ.  S.  Fish 
Commission.    Gulf  of  St  Lawrence,  Whiteaves. 
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Anthozoju 
Adinemtis,  gen.  nov. 
Body  large,  short,  smooth.  The  margin  below  the  tentacles 
is  deeply  divided  into  acute  lobes,  or  teeth,  continuous  with 
the  body- wall.  The  tentacles  are  rather  large,  and  adnate  to 
the  marginal  lobes  for  a  considerable  part  of  their  length.  Disk 
large,  with  the  margin  undulate  or  frilled  in  large  specimens. 
The  disk  and  tentacles  apparently  are  not  retractile. 

Acti7iernus  nobiliSy  sp.  nov. 

Body  stout,  with  a  very  broad  basal  disk  and  short  column, 
and  toward  the  summit  thrown  into  about  eight  large  undula- 
tions or  folds,  bending  outward  and  inward,  corresponding  to 
the  lobes  of  the  disk;  the  marrin  is  deeply  cut  into  sharp 
conical  teeth,  corresponding  to  tne  tentacles  in  number  and 
position,  and  like  them  alternatinff  in  an  inner  and  outer  row ; 
mtegument  of  column  and  teeth  thick,  firm  and  smooth.  Ten- 
tacles numerous,  elongated,  tapering,  acute,  moderately  large, 
subequal,  in  two  rows  close  to  the  mai^n,  adnate  to  tne  mar- 

final  teeth  for  about  two-thirds  of  their  length,  or  even  more, 
lips  well-developed,  with  about  eight  large  lobes  on  each  sida 
Color,  in  recently  preserved  specimens,  deep  purplish  brown 
on  the  disk  and  ten tacles,^  with  radiating  lines  of  paler  color  on 
the  disk  ;  mouth  deep  brown  inside ;  sides  of  body  milk-white, 
with  traces  of  orange-color  where  the  outer  coat  remains. 

Largest  specimens,  in  alcohol,  about  four  inches  broad  and 
three  high.  Four  specimens  were  presented  to  the  U.  S.  Fish 
Commission. 

OflF  Sable  L,  N.  S.,  200-250  fathoms,  Aug.,  and  Banquereau, 
about  200  fathoms,  Sept.  9,  1878,— Capt.  J.  W.  Collins,  sch. 
"  Marion."  Eastern  slope  of  George's  Bank,  in  about  220  &th- 
oms, — Capt  and  crew  of  the  sch.  "Alice  G.  Wunson,"  Sept, 
1878.  Lat  42'  81^  ;  long.  64°  20',  300  fathoms,— Capt  Wm. 
H.  Greenleaf,  sck  *'  Chester  R.  Lawrence." 

Synanthu$^  gen.  nov. 
ActinifiB  which  have  a  broadly  expanded,  thin  base  from 
which  new  zodids  arise  by  budding,  so  as  to  constitute  a  small 
colony,  connected  together  by  a  common  base.     Int^ument 
thin  and  smooth.     Tentacles  numerous,  retractile. 

Synanthua  mirabiliSy  8p«  nov. 

Colonies  often  consist  of  five  or  six,  or  more,  ^ooids,  which 
are  generally  parasitic  upon  the  branches  of  Primnoa  reseda 
and  Paragorgia  arborea,  often  surrounding  them  like  a  ligature, 
and  in  the  case  of  Paragorgia  often  forming  deep  constrictions 
so  as  to  seriously  weaken  the  branches.  Column  low  and  but- 
ton-like in  contraction,  the  integument  so  translucent  as  to 
show  the  numerous  internal  radiating  lamellae.  Same  localities 
as  for  the  preceding  species. 
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Art.  LXEL — On  a  new  Absolute  Oalvanometer  ;  by  N.  D.  C. 

Hodges. 

In  the  ordinaiT  form  of  galvanometer  the  current  is  measured 
by  the  ratio  of  the  force  it  exerts  on  the  needle  to  the  directive 
force  of  the  earth,  the  ratio  being  determined  by  a  measure- 
ment of  the  angle  of  deflection. 

The  moment  of  the  force  with  which  a  unit  current  acts  on 
the  needle  may  be  expressed  in  a  series  of  the  form 

G,  ^,  Bin  e+Q^g^smd  Q,'(^  +  eta 

where  G,,  G,  are  constants  depending  on  the  dimensions  of 
the  coil,  and  g^y  g^  on  those  of  the  suspended  apparatus,  coil 
or  magnet,  as  the  case  may  be.  Q/  (d),  Q,'  (ff)  are  quantities 
varying  with  the  deflection. 

Only  in  case  all  the  terms  after  the  first  may  be  neglected 
are  the  values  of  the  current  proportional  to  the  tangents  of 
the  deflections.  With  a  single  coil  this  is  not  the  case.  By 
increasing  the  number  of  coils  and  suitably  placing  them,  the 
magnetic  field  may  be  rendered  more  uniform. 

hi  reading  the  aeflection  either  a  divided  circle  or  a  telescope 
and  scale  may  be  used.  With  the  divided  circle  the  deflection 
may  be  as  great  as  45^,  but  not  more,  or  else  the  instrument 
would  not  be  sensitive  to  changes  in  the  current.  The  use 
of  telescope  and  scale  necessitates  much  smaller  deflections. 
To  regulate  the  strength  of  the  current  shunts  of  small  resist- 
ance often  have  to  be  used ;  and  the  proportion  of  the  current 
through  the  instrument  is  rendered  doubtful. 

If,  instead  of  placing  the  plane  of  the  coils  parallel  with  the 
magnetic  meridian,  they  are  placed  perpendicular  to  it,  the 
sum  of  the  force  of  the  current  and  of  the  directive  force  of 
the  earth  would  influence  the  magnet 


The  formula 


n"     MT(l  +  d) 

expresses  the  relation  between  the  time  of  vibration  of  a  hori- 
zontal, swinging  magnet,  its  moment  of  inertia  K,  its  magnetic 
moment  M,  and  the  horizontal  component  of  the  earth's  mag- 
netic force  T. 

If  this  time,  the  time  of  vibration  without  the  current,  is 
first  taken  and  then  the  time  ^,  with  the  current,  we  get  the 
relation  between  the  two, 

P~M(T  +  F)(l+(?) 

^_T-fF        <•-<;_  F 
t;       T      °^     t;  ~T 
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when  P  is  the  directive  force  of  the  current  on  a  magnet  of 
unit  magnetic  moment 
The  moment  of  the  force  F  on  the  magnet  is 

C  (G.  g.  Bin  ^  +  G.  ^,  sin  0  Q/(<?)  +  etc.) 
=  Bind  C  (G,^.  +  G,^.  Q/  (6)  +  etc.) 

0=^the  angle  between  the  axis  of  the  coil  and  of  the  magnet. 

Hence  C  (G.  g^  +  G.  g,  Q/  {(f)  +  etc.)  =  F. 

For  the  small  angles  through  which  the  magnet  need  vibrate, 
this  factor  may  be  considered  constant  and  equals  the  constant 
of  the  instrument,  used  as  a  tangent  galvanometer,  when  the 
deflection  is  supposed  equal  to  90^ 

Let  G,  g^  +  G,  g,  Q/  {0')  +  etc.  =K„. 

Then  F  =  CK.,o 

The  value  of  C  is  obtained  in  the  form 

To  find  the  value  of  K^o-  the  same  current,  if  passed  through 
the  instrument  used  as  a  tangent  galvanometer,  will  give 

„  T  f^t;T 

Hence  K^^'^'P=1t^  K^ 

^^  ^••-      <;tan9> 

If  the  value  of  K^  is  known  for  any  value  of  ^,  the  deflec- 
tion, the  constant  of  the  instrument  used  in  this  other  way  is 
given  by  this  formula. 

It  is  evident  that  the  relative  values  of  K^  for  different 
values  of  the  deflection  of  a  tangent  galvanometer  may  be 
found  by  repeated  application  of  this  process. 

f^t;  K<p 

-  ~     t*     tan  <p 
•• ""     </     tan  q}^ 

K(p^    tan^,     «/  V-^/ 

Any  of  the  usual  methods  for  finding  the  constant  of  a  gal- 
vanometer would  also  apply. 
PhjBical  Laboratory,  Harvard  College,  P^b.  12, 1879. 
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SCIENTIFIC    INTELLIGENCE. 
L  Oheiostby  and  PHTsica 

1.  On  a  New  Series  of  Molecules.— In  1868,  Akous  Smith 
made  an  inyestigation  into  the  absorption  of  gases  by  oharooal, 
believing  that,  since  this  action  was  on  the  border  line  between 
physics  and  chemistry,  it  would  throw  some  liffht  on  chemical 
phenomena.  The  residts  then  obtained  showed  that  the  gases 
were  absorbed  in  whole  volumes,  hydrogen  being  1,  oxygen  7*00, 
earbonous  ostide  6*03,  carbon  dioxide  22*06,  marsh  gas  10*01, 
nitrogen  monoxide  12*90,  sulohurous  oxide  86*06,  ana  nitrogen 
4*27.  The  author  has  now  taken  up  the  subject  anew  and  finds 
that  charcoal  does  actually  absorb  gases  in  perfectly  definite  vol- 
umes, the  physical  action  beinff  like  the  chemical  Thus  calling 
the  volume  of  hydrogen  absorbed  1,  that  of  the  oxygen  is  8,  the 
proportions  by  volume  bein^  the  same  as  those  bv  weight  in 
chemical  union.  Moreover,  smce  oxygen  is  16  times  heavier  than 
hydrogen,  charcoal  absorbs  128  times  more  oxygen  than  hydrogen 
by  weight.      Now  this  number  is  exactly  equal  to  the  density 

16* 

of  oxygen  squared  and  divided  by  two,  •— -,  or  it  is  half  the  pro- 

2 

duct  of  the  density  of  this  gas  and  its  atomic  weight.    Again,  the 

most  probable  value  for  nitrogen  is  4*66  volumes  absorbed,  and 

hence  the  weight  absorbed  is  14X4*66  or  66*8.    This  number  is 

14*    .  . 

-— ,  since  nitrogen  is  trivalent    Carbon  dioxide  is  not  divided  but 

is  simply  22'.  The  earbonous  oxide  absorbed  is  6  volumes,  the 
carbon  dioxide  64-16=22  volumes,  marsh  gas  6+4=10  volumes, 
nitrogen  monoxide  84-4*66=12*66  volumes.  These  figures  seem 
to  the  author  to  suggest  a  new  series  of  molecules,  whose  weights 
are  produced  by  squaring  the  atomic  weights  and  by  certain 
divisions  peculiar  to  the  gases  in  question.  It  ma^  be  perhaps 
that  the  lareer  molecule  exists  in  the  free  gas  and  is  broken  up 
on  chemical  combination.  The  building  up  of  a  molecule  by 
volumes  in  this  way  suggests  the  possibility  at  least  that  our 
present  molecules  may  be  similarly  constructed.  —  iVoc  Hoy. 
Soc.j  Feb.  6,  1879.    Jsaturey  xix,  864,  Feb.  1879.  o.  f.  b. 

2.  On  the  Reciprocal  IHsplacement  of  Oxygen^  Sulphur^  and 
the  HalogenSy  wlCsn  combined  toith  Hydrogen, — Bbrthblot  has 
studied  the  reciprocal  displacements  which  take  place  in  the  so- 
called  hydracids  and  finds  that  these  also  are  reeulated  by  the 
value  of  the  heat  of  combination.  Thus  for  example,  experiment 
has  given  him  the  following  equivalent  numbers : 

H+Cl         =HC1  gas  +220  HCl  dissolved  +39*3 

H+Br  gas  =HBr  gas  +13*6  HBr  dissolved  +33*6 

Hf I    gas  =HI    gas  —0*8  HI    dissolved  +18*6 

H+8    gas  =HS    gas  +3-6  HS     dissolved  +  6*8 

H+0  gas  =H0  gas  +29*6  HO    liquid         +34*6 
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From  these  numbers  it  follows :  Ist,  that  CI  should  displace  Br 
and  I,  and  Br  should  displace  I,  in  the  hjdracids  both  wnen  gas- 
eous and  in  solution;  tnis  is  common  knowledge;  2d,  that  CI 
and  Br  should  displace  S  in  hydroeen  sulphide  either  gaseous  or 
dissolved, — also  a  well  known  reaction ;  8d,  that  I  should  displace 
sulphur  in  hydrogen  sulphide  in  solution,  forming  HI  dilute ;  but 
that  S  on  the  contrary  should  decompose  gaseous  HI,  forming 
hydrogen  sulphide,  lliese  facts  were  expenmentally  established 
by  placing  hydrogen  sulphide  in  a  sealed  tube  containing  I,  and 
heating  to  600® ;  no  reaction  took  place.  But  HI  gas  on  the  con- 
trary reacts  on  S  even  in  the  cold,  and  if  the  tube  be  opened  under 
water,  the  latter  rises  in  the  tube,  remaining  transparent  till  the 
inverse  reaction  takes  place  in  solution,  the  iodine  decomposing 
now  the  hydrogen  sulphide  again,  with  deposition  of  sulphur.  4th, 
that  oxygen  should  displace  8  from  hydrogen  sulphide,  a  common 
reaction ;  5th,  that  between  chlorine  and  oxygen,  an  equilibrium 
should  be  produced,  since  on  the  one  side  gaseous  chlonne  should 
decompose  water  to  form  HCl  in  solution,  and  on  the  other  gas- 
eous oxygen  should  decompose  dry  HCl  gas,  to  form  water  and 
chlorine.  In  proof  of  this,  Berthelot  mixed  HCl  and  O  in  a 
sealed  tube  and  passed  sparks  through  the  tube  for  several  hours 
with  the  result,  that  nine-tenths  of  the  HCl  was  decomposed, 
while  a  similar  experiment  with  water  vapor  and  CI  gave  no 
result.  6th,  that  O  should  displace  Br  from  HBr  either  gaseous 
or  dissolved ;  and  7th,  that  oxygen  should  displace  I,  under  the 
same  circumstances,  a  fact  well  shown  by  the  fact  that  a  mixture 
of  four  volumes  of  HI  and  one  of  oxygen  readily  takes  fire  and 
bums  with  a  red  fiame,  a  good  lecture  experiment.  The  inverse 
reaction  does  not  take  place. — £uU.  Soc.  (Jh.^  H,  xxxi,  309,  April, 
1879.  G.  p.  B. 

3.  On  the  Liquefaction  of  Hydrogen  Silicide. — Ogibr,  in  the 
laboratory  of  Berthelot,  has  prepared  hydrogen  silicide  pure  and 
has  succeeded  in  liquefying  it  by  means  of  the  apparatus  devised 
bjr  Cailletet  At  ordinary  temperatures,  about  10°,  this  gas  sus- 
tained a  pressure  of  200  to  300  atmospheres  without  being  lique- 
fied. But  on  sudden  expansion,  even  at  fifty  atmospheres,  the 
cooling  produces  a  thick  mist  and  droplets  appear  on  tne  walls  of 
the  tube.  Under  these  conditions  the  gas  is  evidently  very  near 
its  critical  point.  Indeed,  cooling  it  only  a  few  degrees  below 
zero  suffices  to  condense  it  totallv.  Under  a  pressure  of  fifty 
atmospheres  it  is  liquid  at  — 11  ;  of  seventy  atmospheres,  at 
—6° ;  and  of  100  atmospheres,  at  —1°.  At  zero,  on  the  contrary, 
it  remains  gaseous  even  at  150  to  200  atmospheres.  The  critical 
point  is  therefore  not  far  from  zero. —  C,  iJ.,  Ixxxviii,  236,  Feb. 
1879.  G.  F.  R 

4.  On  the  Ytterbia  of  Marignac^  and  on  a  New  Ekmeiity 
Scandium. — Nilson,  who  was  on  the  point  of  commencing  an  in- 
vestigation of  the  gadolinite  and  euxenite  earths  when  Marignac's 
paper  appeared,  has  proceeded  with  it  since  this  chemist  has  given 
It  up  for  want  of  material.     Having  63  grams  of  erbia,  the 
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molecular  weight  of  which  was  129*25,  be  sought  at  first  to  sepa- 
rate the  ytterbia  by  a  modification  of  Marignac's  process,  ceasins 
to  heat  the  melted  mass  so  soon  as  red  fames  appeared.  Bat  it 
proved  too  tedious  and  he  returned  to  the  unmodified  method. 
After  thirteen  series  of  decompositions  of  the  nitrates  by  heat, 
there  remained  a  basic  nitrate  which  showed  only  feeble  absorp- 
tion bands  in  the  green  and  red.  The  solution,  precipitated  with 
oxalic  acid,  was  evaporated  and  ^ve  3*5  grams  of  a  white  earth 
with  a  scarcely  perceptible  rose  tint,  whose  molecular  weight  was 
127*64.  This  low  number  led  the  author  to  suspect  the  presence 
of  a  new  element  in  the  ytterbia,  and  a  portion  of  the  chloride 
was  submitted  to  Thal^n  who  found  lines  differing  from  any 
previously  observed  in  this  group.  The  earth  was  converted  into 
nitrate,  a.  suitable  quantity  of  sulphuric  acid  was  added,  the  solu- 
tion was  evaporated,  finally  over  a  naked  fire,  but  at  such  a  tem- 
perature that  the  residue  dissolved  perfectly  in  water.  The 
molecular  weight  of  the  earth  diminished  gradually  until  it  reached 
105*83,  and  yet  traces  of  ytterbia  were  present.  Examined  again 
spectroscopically  by  Thal^n,  it  gave  twenty-nine  lines,  the  strong- 
est of  which  had  wave  lengths  of  6078*5,  6054,  6019,  5736,  5729, 
5719,  5710-5,  5700,  5686,  5671,  5657-5,  5526,  5089,  5084-5,  6082*3, 
4739,  4736-5,  4733.  To  the  element  thus  established,  Nilson 
gives  the  name  Scandium^  since  the  two  minerals  ^adolinite  and 
euxenite  in  which  it  occurs  are  of  Scandinavian  origin.  Its  oxide 
is  a  colorless  earth,  the  solutions  of  which  give  no  absorption 
bands.  It  is  after  calcination  attacked  with  difficulty  by  dilute 
nitric  acid,  more  readily  by  hydrochloric.  Oxalic  acid  precipitates 
it  completely.  The  nitrate  is  completely  decomposea  at  a  tem- 
perature at  which  ytterbium  nitrate  is  only  partially  converted 
into  a  basic  salt  Its  sulphate  is  not  changed  at  high  tempera- 
tures, but  is  completely  decomposed  by  calcination  with  ammonium 
carbonate.  Calculated  from  dcO,  the  atomic  weight  cannot  be 
far  from  90 ;  though  if  scandia  be  Sc,0„  the  at.  wt.  would  be  135. 
The  solutions  from  which  the  various  badlc  nitrates  had  deposited 
were  then  submitted  to  examination.  The  result  showed  that 
while  the  molecular  weight  of  the  earth  which  had  precipitated 
from  the  solution  as  basic  nitrate  continued  to  diminish,  that  of 
the  earth  which  remained  in  solution  remained  constantly  the 
same,  about  131.  Eight  of  the  mother  liquors  save  a  substance 
whose  molecular  wei^t  was  above  131.  Treated  again  by  Marig- 
nac's  method  ei^ht  times,  these  afforded  3*5  grams  of  an  earth  of 
a  molecular  weight  of  131*63,  the  fused  nitrate  of  which  gave 
only  a  single  feeble  erbia  absorption  band  in  the  green.  Repeat- 
ing the  operation,  the  last  traces  of  erbia  were  eliminated  and 
the  ytterbia  obtained  pure,  its  nitrate  showing  no  absorption 
bands.  The  erbia  of  previous  authors  then  is  nearly  all  ytterbia 
and  only  a  f5w  per  cent  erbia.  The  author  hopes  to  study  erbia, 
ytterbia  and  scandia  more  carefully,  since  he  has  in  conjunction 
with  Cl^ve,  begun  work  on  ten  kilograms  each  of  gadolinite  and 
euxenite. —  C.  M.y  Ixxxyiii,  642,  645,  March,  1879.  g.  f.  a 
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5,  On  on  AmidanUronUphide  of  Iran. — Dbhel  has  repeated 
the  experiment  of  acting  upon  a  ferroos  solntion  with  potassium 
nitrite  and  ammonium  sulphide,  first  noticed  by  Roussin,  in  order 
to  study  more  carefully  the  product  To  prepare  the  compound, 
20  grams  potassium  nitrite  is  dissolyed  in  300  a  o.  water,  the 
solntion  is  heated  to  boiling,  40  c.  a  ordinary  ammonium  sulphide 
solution  is  added,  and  the  heating  continued  for  a  few  minutea 
A  solution  of  33  grams  crystallised  ferrons  sulphate  in  200  cc  water 
is  then  added  gradually  with  shaking  and  the  liquid  boiled  for  ten 
minutes.  It  is  then  filtered  and  the  filtrate  deposits  black  needle- 
shaped  crystals,  which  after  recrystalliiation  from  water  are 
obtained  as  brilliant  black  prisms.  They  decompose  in  the  air,^ 
are  easily  soluble  in  water,  alcohol  and  ether,  evolve  E[,S  with 
dilute  and  brown  vapors  with  strong  HCl,  and  give  off  ammonia 
when  boiled  with  KOBL  Even  below  100°  this  body  decomposes, 
evolves  heat  and  leaves  ferrous  sulphide.  Analysis  showed  that 
the  nitrogen  was  united  partly  to  oxygen  and  partly  to  hydrogen, 
all  the  hydro^n  being  united  to  nitrogen.  The  numbers  obtamed 
gave  the  empirical  formula  FeSN,H,0^  from  which  and  the  fiacts 

above  given  the  rational  formula  must  be  II    >  gKH**       Similar 


compounds  with  nickel,  cobalt  or  manganese  have  not  yet  been 
obtamed. — JBer.  JBerL  Chem.  Oea.^  xii,  461,  March,  1879. 

G.  F.  B. 

6.  On  a  New  Method  of  producing  JETeUmes. — Yoix  Bbchi  has 
modified  the  method  for  preparing  ketones  originallv  suggested 
by  Freund.  In  place  of  using  zinc  radicals,  he  employs  iodides 
of  the  alcohol  radicals  in  presence  of  sodium.  In  a  ailute  etherial 
solution  of  equal  molecules  of  ethyl  iodide  and  benzoyl  chloride, 
well  cooled,  is  placed  the  necessary  quantity  of  sodium ;  at  first 
no  action  is  observable,  but  soon  a  yellow  powder  separates  con- 
sisting of  sodium  iodide  and  chloride.  After  48  hours,  the  whole 
is  extracted  with  ether  and  the  ether  evaporated.  A  brown  liquid 
is  left,  which  washed  with  water  and  fractionated,  distills  between 
205*  and  210°,  is  a  light  yellow  refractive  oil  of  agreeable  odor 
having  the  composition  of  phenylethylketone.  The  reaction  is  as 
follows: 

{ c^<5i  +  { f  *^*  +  ^».  =  ^»^  +  N»^^  +  ^^  1  cIh; 

The  method  appears  general — JBer.  JBerL  Chem,  Ges.^  xii,  463, 
March,  1879.  G.  p.  a 

7.  On  the  Production  of  Aurin. — Clbbmont  and  Fbommbl 
have  succeeded  in  producing  aurin  directly  by  actine  upon  phenol 
by  a  mixture  of  carbonous  oxide  and  oxygen  in  sea^  tubes. 

(CAOH).+CO.=g;g;gg[c|gA^. 

The  CO,  must  be  nascent  to  produce  the  effect. — C.  J8.,  Ixxxviii, 
656,  March,  1879.  G.  7.  B. 
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8.  Radiometer, — In  recent  numbers  of  Nature  (April  8rd  and 
April  10th,  1879),  Mr.  W.  Cboorbs  ffives  an  abstract  of  his  later 
researches  on  the  "Repulsion  resulting  from  Radiation."  He 
first  discusses  the  amount  of  repulsion  produced  by  radiation  on 
disks  of  various  kinds  and  ooat^  with  oifferent  substances.  The 
very  delicate  and  ingenious  apparatus,  bv  which  the  repulsive 
forces  were  compared,  is  described  at  length ;  and  the  description 
shows  what  great  skill  has  been  acauired  in  controlling  the  obscure 
phenomena,  which  Mr.  Crookes  has  so  successfully  elucidated. 
For  details  and  numerical  results  we  must  refer  to  the  original 
papers.  The  repulsions  were  measured  both  when  no  screen  was 
interposed,  and  also  when  a  cell  of  water  was  inserted  in  the  path 
of  the  rays ;  and  the  difference  in  the  relative  effects  under  these 
conditions  is  very  striking.  Th^se  phenomena,  which  are  similar 
to  those  first  described  by  Uelloni  under  the  name  of  "Thermo- 
crosis"  are  among  the  most  interesting  results  of  the  investigation. 
In  order  to  compare  the  two  classes  of  results,  it  was  first  determined 
that  the  actual  amount  of  repulsion  on  a  lamp-blacked  disk,  when 
the  water-screen  was  interposed,  was  only  one-twelfth  of  that  ex- 
erted by  the  standard  candle  flame  when  no  screen  was  in  the 
way,  the  distance  of  the  candle  and  other  things  being  of  course 
equal.  With  the  effect  on  the  standard  lamp-blacked  disk  the 
other  repulsions  were  compared  and  hence  if  the  direct  effect  of 
the  source  employed  on  this  disk  is  arbitrarily  expressed  by  the 
number  100,  the  effect  of  the  same  source  on  the  same  disk  through 
the  given  water  screen  but  under  otherwise  identical  conditions, 
would  be,  according  to  the  determination  lust  referred  to,  ex- 
pressed by  the  number  8*3.  The  Other  numbers  of  the  following 
table  have  a  similar  meaning. 

_  Water  icreeii  Per  oenta  with 

No  screen.  interposed,  water  screen. 

Lampblack  (fltandard  disk), 100*  83               100* 

( Ihromic  oxide  (pal©  green), 7 1  '6  1*7                 20  '4 

Copper  tungstate, 61*2  6-4                 768 

ProsulphocTanogen, 43'9  1*0                 12*0 

Saffranin, 410  43                 6l-« 

Hydrated  zinc  oxide, 40*6  1*2                 14*4 

Barium  sulphate, 37*4  0*3                   3*6 

Selenium  precipitated, 36*8  5*8                 69'6 

Copper  oxalate, 301  33                 39  6 

Calcium  carbonate, 28*6  0'3                   3'6 

It  appears  from  this  table  that  the  substances  experimented  on 
may  be  divided  into  two  classes. 

(1.)  Negative:  those  in  which  the  repulsion  behind  water  bears 
a  greater  proportion  to  the  standard  than  when  no  screen  is  inter- 
posed. 

(2.)  Positive :  those  in  which  the  repulsion  behind  water  bears  a 
Ub8  proportion  to  the  standard,  than  when  no  screen  is  interposed. 

Amongst  Class  1,  are  copper  tungstate,  saffranin,  selenium  and 
copper  oxalate.  Amongst  Class  2,  chromic  oxide,  persulphocy- 
anogen,  hydrated  zinc  oxide,  barium  sulphate  and  calcium  carbo- 
nate. Evidently  these  differences  must  correspond  to  a  difference 
in  the  capacity  of  absorbing  the  luminous  and  the  non-luminous 
Am.  Joaa.  8oi.— Thtrd  Sbbibs,  Vol.  XYII,  No.  102.— Junb,  1879. 
33 
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ultra  red  rays,  or  in  other  words  to  the  thermoorosis  of  the  several 
pigments  employed. 

As  might  be  expected,  the  differences  of  qualities  just  described 
are  brought  out  most  strikingly  when  coatings  of  opposite  classes 
are  balanced  against  each  other  on  the  vanes  of  the  movable  fly 
of  a  radiometer,  and  this  instrument  can  be  constructed  with  a 
movable  glass  cap  made  tight  by  cement,  so  that  the  fly  may  be 
removed  and  the  vanes  shi&d  at  pleasure.  We  <|uote  from  Mr. 
Crookes's  paper  the  following  description  of  the  singular  results 
he  thus  obtamed. 

'^  Disks  coated  on  alternate  sides  with  chromic  oxide  and  pre- 
cipitated selenium  move  in  one  direction  to  the  naked  fllame  of  a 
candle  and  in  the  other  direction  when  a  water  screen  is  inter- 
posed. With  saffi^nin  and  hydrated  zinc  oxide,  the  instrument 
aoes  not  move  at  all  when  exposed  to  the  naked  flame,  but  re- 
volves when  a  water  screen  is  interposed.  With  thallic  oxide  and 
Magnus's  green  platinum  salt,  the  instrument  moves  strongly 
when  no  screen  is  mterposed,  but  is  stopped  with  a  water-screen. 
These  results  are  all  in  conformity  with  the  figures." 

^A  pith  radiometer  coated  with  precipitated  selenium  and 
chromic  oxide  was  exposed  to  the  radiation  from  a  colorless  gas 
fllame  of  a  Bunsen  burner,  and  also  to  the  same  colored  intensely 
green  by  thallium.  To  the  eye,  by  this  light,  the  chromic  oxide 
looked  nearly  white  and  the  selenium  black.  The  rotation  due  to 
the  repulsion  of  the  chromic  oxide  was  however  apparently  as 
strong  as  when  the  non-luminous  flame  was  used,  liiis  experi- 
ment proves  that  certain  substances  have  an  opposite  absorptive 
action  on  rays  of  dark  heat  to  what  they  have  on  light,  and  that 
an  optically  white  body  may  be  thermically  black,  and  vice  versa. 
In  this  case,  for  iuBtance,  chromic  oxide  was  optically  green  and 
thermically  black,  while  scarlet  selenium  was  thermically  white 
and  optically  black.'' 

It  was  originally  thought  that  a  slice  of  tourmaline,  being  black 
to  a  ray  of  light  polarized  in  one  plane  and  white  to  a  ray  polarized 
in  the  other  plane,  would  be  repelled  when  the  incident  light  was 
quenched  by  it,  and  not  affected  when  the  incident  light  passed 
throagh  it.  Mr.  Crookes's  measurements,  however,  show  that  this 
action  does  not  exist  to  any  appreciable  degree.  He  experimen- 
ted on  a  plate  of  tourmaline  suspended  in  vacuo  on  a  torsion  bal- 
ance, and  measured  the  amount  of  repulsion  produced  by  a  beam 
of  polarized  light  when  in  different  planes,  and  he  explains  the 
negative  results  by  sayins  that  while  the  repulsion  resulting  from 
radiation  is  almost  entirely  a  surface  action,  the  action  of  a  tour- 
maline on  a  polarizer  is  one  in  which  thickness  is  necessary. 

The  analysis  which  Mr.  Cfookes  next  gives  of  the  effect  of  the 
shape  of  the  vanes  of  a  radiometer  in  influencing  the  amount  and 
direction  of  repulsion  is  very  ingenious,  and  highly  interesting ; 
but  the  discussion  cannot  be  made  intelligible  without  the  nume- 
rous figures  with  which  the  papers  are  illustrated.  It  is  sufficient 
to  say  that  the  effects  are  shown  to  be  in  accordance  with  the 
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theory  which  Mr.  Crookes  has  so  fully  worked  out.  One  of  the 
most  remarkable  of  these  effects  is  that  produced  by  the  viscosity 
of  air  which  at  a  rarefaction  of  129  millionths  of  an  atmosphere, 
appears  to  be  only  a  little  less  than  its  viscosity  at  the  normal 
density,  and  hence  the  vanes  of  a  radiometer  at  a  speed  of  100 
revolutions  a  minute  exert  a  considerable  drag  on  a  disk  of  mica 
rotating  just  above  them. 

In  reading  these  very  interesting  papers  one  is  greatly  im- 
pressed by  the  perfection  to  which  the  mercury  pump,  and  the 
means  of  measuring  the  degree  of  exhaustion  which  the  pump 
produces,  has  been  brought.  In  some  of  his  experiments  Mr. 
Crookes  speaks  of  carrying  the  exhaustion  to  four  ten-millionths 
of  an  atmosphere,  and  we  quote  as  follows  from  the  close  of  his 
article. 

^^In  concluding  this  abstract  of  my  researches  on  Repulsion 
resulting  from  Radiation  I  cannot  refrain  from  ^pointing  out  how 
erroneous  the  ordinary  ideas  of  a  *  vacuum'  are.  Formerly  an  air 
pump  which  would  aiminish  the  volume  of  air  in  the  receiver 
one  thousand  times  was  said  to  produce  a  vacuum.  Later  a  *  per- 
fect vacuum'  was  said  to  be  proaueed  by  chemical  absorption,  and 
by  the  Sprengel  pump,  the  test  being  that  eleetrioitv  would  not 
pass;  this  point  being  reached  when  the  air  is  rarened  one  hun- 
dred thousand  times.  Now  Mr.  Johnston  Stony  has  calculated 
that  the  number  of  molecules  in  a  cubic  centimeter  of  air  at  the 
ordinarypressure  is  probably  something  like  one  thousand  tril- 
lions. When  this  number  is  divided  by  2,500,000  there  are  still 
four  hundred  billion  molecules  in  every  cubic  centimeter  of  gas  at 
the  highest  exhaustion  to  which  I  carried  the  experiment,  a  rare- 
faction which  would  correspond  to  the  density  of  the  atmosphere 
about  seventy-five  miles  above  the  earth's  surface,  that  is,  if  its 
density  decreases  in  geometrical  progression  as  its  height  increases 
in  arithmetical  progression.  Four  hundred  billion  molecules  in 
a  cubic  centimeter  appear  a  sufficiently  large  number  to  justify 
the  supposition  that  when  set  into  vibration  by  a  white  hot  wire 
they  may  be  capable  of  exerting  an  enormous  mechanical  effect." 

9.  7%e  Magic  Mirrors  of  Japan, — ^The  bronze  mirrors  of  Japan 
are  usually  circular,  from  three  to  twelve  inches  in  diameter,  made 
of  bronse,  and  with  a  bronze  handle  covered  with  bamboo.  The 
reflecting  face  is  generally  more  or  less  convex,  polished  with  a 
mercury  amalgam  and  the  back  is  ornamented  with  a  varied  de- 
sign. The  magic  property,  which  is  only  possessed  by  a  few  rare 
specimens,  appears  when  a  bright  beam  of  light  is  reflected  by  the 
polished  surface  on  to  a  screen.  There  is  then  seen  on  the  screen 
an  image  formed  of  bright  lines  on  a  dark  ground  more  or  less 
perfectly  representing  the  pattern  on  the  back  of  the  mirror,  al- 
though not  only  is  the  latter  wholly  hidden  from  the  light  but 
also  the  polished  surface  itself,  if  looked  at  directly,  acts  like  an 
ordinary  mirror  reflecting  the  objects  in  front  of  it,  and  giving  no 
indications  whatever  of  the  raised  patterns  on  the  back.  In  the 
"  Friday  evening  discourse  at  the  Royal  Institution"  of  Jan.  24, 
reported  in  Nature  of  April  10th,  Prof.  W.  E.  Ayrton  gives  a  full 
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aud  satisfactory  explanation  of  this  remarkable  effect,  which  so  far 
from  being  intentional  on  the  part  of  the  manufacturers  of  the  mir- 
rors, appears  to  have  been  quite  unknown  to  the  Japanese,  al- 
though known  to  the  Chinese  from  the  earliest  times.  It  appeared 
from  the  experiments  of  Professor  Ayrton  that :  1,  when  a  diver- 

fent  beam  of  light  fell  on  the  mirror  the  pattern  appeared  as 
right  on  a  dark  ground ;  2,  when  the  beam  was  parallel  the  pat- 
tern was  invisible ;  3,  when  the  beam  was  convergent  the  pattern 
appeared  as  dark  on  a  light  ground.  These  and  similar  experi- 
ments exhibited  bv  the  lecturer  all  point  to  the  conclusion  that 
the  effect  is  caused  by  inequalities  in  the  curvature  of  the  re- 
flecting surface  corresponding  to  the  raised  pattern  on  the  back, 
the  portions  where  the  relief  increases  the  thickness  of  the  plate 
being  flatter  than  the  remaining  convex  surface,  and  even  being 
sometimes  actually  concave.  Frofessor  Ayrton  fully  describes 
how  such  an  irregular  form  would  result  from  the  peculiar  mode 
by  which  the  Japanese  produce  the  polished  surfaces;  whenever 
the  bronze  casting  is  thus  worked  sufficiently  thin  to  determine  a 
"buckling"  of  the  metal.  This  result  is  very  exceptional.  No 
thick  mirror  reflects  the  pattern  on  the  back,  and  not  more  than 
two  or  three  per  eent  of  the  ordinary  Japanese  bronze  mirrors 
show  the  magic  property  clearly.  j.  p.  a,  jr. 

II.  Geology  and  Mineralogy. 

1.  Ths  Cincinnati  Group. — A  committee  was  recently  appointed 
by  the  Cincinnati  Society  of  Natural  History  to  consider  "ques- 
tions of  geological  nomenclature,"  and  especially  the  propriety  of 
using  the  term  "  Cincinnati  Group,"  as  nrat  proposed  by  Meek, 
for  tne  Hudson  River  Group,  and  the  age  of  the  Lower  Silurian 
rocks  of  Southwestern  Ohio,  Southeastern  Indiana  and  Kentucky. 
The  following  are  extracts  from  this  very  satisfactory  report. 

"  The  fossik  found  in  the  strata,  for  twenty  feet  or  more  above 
low  water  mark  of  the  Ohio  river,  in  the  first  ward  of  the  city  of 
Cincinnati,  and  on  Crawfish  creek,  in  the  eastern  part  of  the  city, 
and  in  Taylor's  creek,  east  of  Newport,  Kentucky,  at  an  elevation 
of  more  than  fifty  feet  above  low  water  mark  in  the  Ohio  river, 
indicate  the  age  of  the  Utica  Slate  Group  of  New  York.  A  fauna 
is  represented  in  these  rocks  that  is  not  foipd  above  or  below 
them.  Within  this  range  we  find  the  2H<xrthus  Beckii^  Leperditia 
ByrneH^  Zeptobolus  l^fns^  ButhoPrephis  ramulosa^  and  several 
species  of  Graptolites,  Crinoids,  Bryozoans  and  Brachiopods,  that 
seem  to  be  confined  within  its  limits.    ♦    *    ♦ 

^^  Above  the  ranee  of  the  Triarthus  Beckiiy  the  fossils,  as  well 

as  the  position  of  the  rocks,  indicate  the  age  of  the  Hudson  River 

Group  of  New  York,  and  we  havfe  no  hesitation  in  so  referring 

them,  and  entertain  no  doubt  of  the  correctness  of  the  reference. 
«    «    * 

^^  In  Southeastern  Indiana  neither  the  Trenton  nor  Utica  slate 
appear,  and,  consequently,  we  refer  all  the  Lower  Silurian  rocks 
of  that  State  to  the  Hudson  River  Group. 
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"  The  Trenton  Group  is  not  exposed  at  Cincinnati,  nor  at  any 
point  in  Ohio  west  of  the  city,  but  we  think  it  is  probable  that 
It  may  be  represented  in  the  banks  of  the  Ohio  river  a  few  miles 
east  of  the  city.  The  Utica  Slate  is  represented  in  Ohio  ouly  in 
the  banks  of  the  river,  at  the  city  of  Cincinnati,  and  east  of  the 
city,  and  in  the  excavations  near  the  mouths  of  the  streams  which 
enter  the  river  east  of  the  city.  Consequently  all  the  Lower 
Silurian  rocks  in  Southwestern  Ohio  belong  to  the  Fludson  River 
Group,  except  those  represented  by  the  small  exposures  in  the 
banks  of  the  river  at  Cincinnati,  and  east  of  the  city,  in  the  imme- 
diate vicinity  of  the  river. 

"  The  conclusion  to  whidh  we  have  come  is,  that  all  the  Lower 
Silurian  rocks  which  we  have  had  under  consideration,  are  to  be 
referred  to  the  Trenton,  Utica  Slate  and  Hudson  River  Groups, 
and  that  the  name  'Cincinnati  Group'  should  be  dropped,  not 
only  because  it  is  a  synonym,  but  because  its  retention  can  sub- 
serve no  useful  purpose  in  the  science,  and  because  it  will,  in  the 
future,  as  in  the  past,  lead  to  erroneous  views  and  fruitless  discus- 
sion. And  we  would  add  that  so  far  as  any  investigations  of  these 
rocks  have  been  made,  they  have  not  led  to  any  other  or  further 
subdivisions  than  those  which  we  have  adopted,  and  which  have 
been  so  thoroughly  and  firmly  established  by  the  geologists  of  the 
State  of  New  York."— Signed:  S.  A.  Miller,  Fred  Braun,  Jno. 
Mickleborough,  John  W.  Hall,  Jr.,  E.  O.  Ulrich,  A.  G.  Weth- 
erby,  Geo.  W.  Harper,  Paul  Mohr,  C.  B.  Dyer,  R.  M.  Byrnes. 

This  Report,  besides  appearing  in  the  publications  of  the  Cincin- 
nati Society,  is  also  published  in  the  tenth  Annual  Report  of  the 
Geological  Survey  of  Indiana,  where  it  is  followed  by  a  long  list 
of  the  fossils  found  over  the  region  referred  'to,  in  the  Hudson 
River,  Utica  Slate  and  Trenton  Groups,  by  S.  A.  Miller  of  Cincin- 
nati 

2.  AtUi8  to  the  Coal  Flora  of  Pennsylvania^  and  of  Carbon- 
iferous Formations  througfumt  the  United  States ;  by  Leo  Les- 
QUEBBux.  Second  Geological  Survey  of  Pennsylvania. — This 
atlas  by  Mr.  Lesquereux  is  a  volume  of  eighty-seven  plates,  issued 
in  advance  of  the  volume  of  descriptive  text.  The  plates  are  of 
remarkable  beauty  and  perfection.  The  drawings  were  prepared 
with  great  care  and  the  engraving  is  excellent.  To  Mr.  Lesque- 
reux, the  author,  and  to  Professor  Leslev  and  the  Geological  Com- 
missioners of  Pennsylvania,  who  have  liad  the  volume  published 
in  such  admirable  style,  the  thanks  of  all  friends  of  paleontolog- 
ical  botany,  the  world  over,  will  be  given  without  stint  The 
work  at  once  becomes  the  necessary  hand-book  for  all  who  would 
study  American  coal  plants.  The  atlas  contains  figures  of  260 
species  which  have  been  named  and  described  by  Mr.  Lesquereux, 
and  of  these  122  are  now  for  the  first  time  figured. 

Of  his  modifications  of  classification— such  as  his  new  genus 
Pseudopecopteris — we  can  better  judge  when  the  volume  of  text 
is  received  Over  thirty  species  of  Neuropteris  are  figured,  and 
more  than  twenty  of  f'ecopteris,  and  the  whole  department  of 
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fossil  botany  receives  new  illustrations  from  American  specimens. 
Much  light  is  thrown  upon  the  Cordaites  group,  a  class  of  Car- 
boniferous plants  hitherto  a  great  puzzle  to  botanists.  We  shall 
notice  this  rich  contribution  to  science  more  in  detail  when  we 
have  received  the  volume  of  descriptions. 

3.  McUericUien  zur  Mi7ieralogie  Buseland,  von  Nikolai  von  Koh- 
dcharovo.  Vol.  viii,  pp.  177-384,  voL  ix,  pp.  1-82. — Mineralogists 
will  welcome  an  addition  to  the  great  work  of  Professor  Kok- 
scharof  on  the  Mineralogy  of  Russia ;  the  seventh  volume  is  thus 
completed  and  an  eighth  commenced.  The  description  of  the  crys- 
talline form  of  each  species  considered  is  marked  by  the  same 
accuracy  and  thoroughness  that  has  characterized  the  work  from 
the  beginning.  The  following  are  the  more  important  species 
described:  Breunerite;  pyrite;  species  of  the  mica  group; 
waluewite  (a  new  species  near  xanthophyllite) ;  perofskite ;  eu- 
dialyte. 

4.  Neues  JahrtntchfUr  Mineralogies  Geologie  and  Paleontolo- 
gies— The  long  known  and  highly  valued  Jahrbuch  fOr  Mineralo- 
gie,  etc.,  has  passed  into  the  hands  of  a  new  corps  of  editors : 
Professor  E.  W.  Benecke,  in  Strassburg,  will  have  charge  of  the 
Greology  and  Paleontology ;  Prof  C.  £ein,  in  Gdttingen,  of  the 
Mineralogy ;  and  Prof.  H.  Rosenbnsch,  in  Heidelberg,  of  the  Lith- 
ology.  The  first  number  under  these  editors  has  just  appeared, 
(dnttes  XL  viertes  Hefl,  1879).  It  contains  a  large  number  of 
original  articles,  and  with  the  correspondence  and  extracts  of 
papers  in  the  different  departments,  covers  255  pages.  The  many 
workers  in  science  who  have  used  the  Jahrbuch  in  years  past,  will 
wish  for  it  a  long-continued  career  of  usefulness. 

6.  Britf notices  bfsome  recently  described  Minerals : — HuntUite. 
Described  by  Prof  Henry  Wurtz,  as  occurring  in  two  varieties. 
The  most  abundant  variety  is  amorphous,  often  porous  and  crum- 
bly, dark  slate-gray,  or  almost  black  in  color,  and  entirely  dull  in 
luster.  The  other  kind  has  a  lighter  slate-color,  a  crystalline 
structure,  and  probably  one  cleavage ;  it  is  intimately  associated 
with  calcite.  The  hardness  is 2*5  ;  the  streak  is  bronze-color;  the 
mineral  is  sub-malleable.  Analyses  of  the  two  kinds  gave  the  fol- 
lowing r^ults : 

1.  Amorphous.     2.  Crystallized. 

As      Sb      S      Hg    Ag     Go     Ni    Fe    Zn   H9O  gangoe. 

1.  2110  3-33  0-78  1-04  5900  392  1-96  306  242  019  S^SrrlOO-OS  G.=7-47 

2.  23-99  4-26  1-81  I'll  4467  7*33  2-11  863  3*06  033  1-65=  98*83  G.=6-27 

The  mercury  is  believed  to  be  present  as  amalgam ;  the  sulphur 
as  pyrite ;  after  the  deduction  of  these,  the  following  ratios  are 
obtained,  the  arsenic  and  antimony  being  taken  together,  and  all 

the  metals  combined,  according  to  their  quantivalences : — ^As :  R^ 
1:2-90  (amorphous)  and  =1:2-99  (crystalline).  The  general  formula 
AsAg,  is  proposed,  but  the  results  of  the  analyses  would  suggest 

frave  doubts  as  to  the  homogeneity  of  the  material   examined, 
ound  at  the  Silver  Islet  Mine,  Lake  Superior.     Named  after  Dr. 
T.  Sterry  Hunt.— jEW^meer.  and  Mining  «7I,  Jan.  25,  1879. 
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AnimUciU,  Annoanced  proviflionally  by  Prot  Wnrtz.  It 
occurs  Bometimes  in  inoruBtatioDS  over  masses  of  huDtilite ;  also 
in  large  isolated  plates  or  slabs.  Specific  gravity  =9*45.  Color 
white  or  grayish-white.  Fracture  fine  granular,  conchoidal.  An 
analysis  gives:  Sb  11-18,  As  -35,  S  1-49,  Hg  -99,  Ag  77-68,  Co 
2-10,  Ni  1-90,  Fe  1-68,  Zn  0-30,  gangue  l-68=99-81.  Found  at 
the  Silver  Islet  Mine,  Lake  Superior.  Named  from  the  Indian 
word  animikie^  meaning  thunder^  whence  Thunder-Bay.  —  Ibid., 
Feb.  22. 

HandUe.  Occurs  as  a  lemon-yellow  incrustation  on  granite 
from  Philadelphia.  Earthy,  probably  crystalline.  Hardness  =:2'3. 
An  analysis  upon  -047  gr.  gave:— CaO  32*50,  U,0,  31-68,  H,0 
6-53,  (CO,  29-84  by  diflference)  =100.  The  formula  deduced  is 
Ca^lJjC,0^-|-3H  O,  which,  in  case  it  is  confirmed  by  further  ex- 
amination, would  place  it  near  liebieite.  Named  after  Mr.  Theo- 
dore D.  Rand,  of  Philadelphia.  —  JV-oc  Acad.  Nat.  Set.  Fhila- 
delphia^  1878,  408. 

Mannayite^  Newheryite.  Two  new  phosphates  from  the  guano 
of  the  Skipton  Caves,  Victoria,  described  by  yom  Rath.  Hannay- 
ite  crystallizes  in  the  triclinic  system ;  cleayage  basal  perfect, 
less  perfectparallel  to  the  two  prismatic  planes.  Specific  grayity 
=1-893.  The  mean  of  two  analyses  gaye:  P,0,  46-70,  MgO 
18-90,  Ammonia  8-09,  H,0  28-20=100-89.  The  loss  of  water  be- 
tween 100°  and  120'*  is  21-08  per  cent. 

Newheryite  crystallizes  in  the  orthorhombic  system.  The  cleay- 
age is  brachdiagonal  perfect,  also  basal  imperfect  An  analysis 
gave :  P.O.  41-25,  (MgO  23-02  by  difference),  HO  35-73=100-00. 
The  formula  deduced  is  Mg,P,0,-J-7aq. — BulL  ooc.  Min.  France^ 
1879,  79. 

in.  Botany  and  Zoology. 

1.  Catalogue  of  the  Davenport  Herbarium  of  North  American 
JF'emSy  Massachusetts  Horticultural  Society :  by  Gborgb  E. 
DAyENPORT.  Salem,  1879.  8yo,  pp.  y,  42. — This  is  a  very  full 
catalogue  of  the  known  Ferns  of  the  TTnited  States  and  British 
America,  and  contains  the  names  of  collectors  and  donors,  and  the 
localities  of  all  the  North  American  ferns  in  the  yery  rich  collec- 
tion which  Mr.  Davenport  has  presented  to  the  Massachusetts 
Horticultural  Society.  The  genera  and  species  are  arranged  very 
nearly  in  the  same  order  as  that  of  Mr.  Robinson's  check-list,  and 
that  18  based  on  the  system  of  Mettenius.  The  Catalogue  con- 
tains the  names  of  32  genera  and  142  species,  all  but  one  or  two 
of  which  are  represented  in  the  Herbarium  by  North  American 
specimens.  A  good  many  excellent  notes  on  critical  forms  are 
scattered  through  the  book,  and  no  student  of  our  Ferns  can 
afford  to  neglect  its  pa^es.  Fteris  semdata  appears  here  for  the 
first  time  as  a  North  American  species,  haying  been  discoyered 
growing  spontaneously  in  the  vicinity  of  Mobile,  Alabama,  by 
Mr.  Charles  Mohr  of  that  city.  Polypodium  pectinaium  and 
Adiantum  tenerum  are  also  for  the  first  time  announced  as  Ferns 
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of  the  TJnited  States.  Specimens  of  the  former^  the  name  of 
which  had  not  been  definitely  settled,  had  been  sent  to  Mr.  Chas. 
E.  Faxon  to  draw  for  the  Ferns  of  North  America^  and  that 
gentleman  noticed  the  difference  between  them  and  his  own  speci- 
mens of  P.  Plumula.  He  brought  the  matter  to  the  attention  of 
the  writer  of  this  notice,  who  then  decided  to  call  the  large  form 
P.  pectinatum  Linn.,  and  the  smaller  one  P.  Plumula.  The  Adi- 
antum  had  been  for  a  year  or  more  in  the  hands  of  Mr.  Davenport 
and  Mr.  Faxon,  as  unchallenged  A.  CapiUuS'  Veneris^  and  was 
first  pronounced  something  different  from  that  species  by  Mrs. 
Dr.  Barnes,  of  Syracuse,  who  obtained  fronds  from  living  plants 
brought  from  Ocala,  Florida,  by  Mr.  Christian  Beh,  in  March,  1877. 

Mr.  Davenport  retains  Felloea  brachypteray  of  Baker,  as  a  dis- 
tinct species,  and  is  no  doubt  right  in  doing  so.  Within  the  last 
few  years  it  has  been  sent  in  by  many  collectors,  and  keeps  its 
distinctive  characters  even  better  than  some  other  recognized 
Califomian  Ferns.  Aspidium  Bootii  of  Tuckerman,  is  maintained 
as  a  distinct  species,  and  so  is  A,  Americanum^  of  Davenport,  the 
A.  epinvloeum  var.  intermedium  of  Gray's  manual. 

An  appendix  gives  a  list  of  doubtful  and  excluded  species,  and 
one  introduced  species,  Adiantum  cunecUum^  which  was  found 
«  Established  at  Valley  FaUs,  Rhode  Island"  by  Mr.  J.  L.  Ben- 
nett, who  will  doubtless  give  full  particulars  of  his  discovery  in 
his  forthcoming  "  Flante  of  Rhode  Island.'*^  [It  seems  hardly 
worth  while  to  introduce  into  a  work  like  this  a  mere,  escape  from 
cultivation,  doubtless  transient.]  The  Catalogue  is  beautifully 
printed,  and  contains  very  few  typographical  or  other  errors  to 
mar  its  excellence.  d.  c.  b. 

2.  Cane-sugar  in  Early  Amber  Cane. — Professor  G(B88mann 
(Fifteenth  Annual  Report  of  Mass.  AgricuL  College)  comes  to 
the  following  conclusions  respecting  the  proportions  of  cane  and 
grape  sugar  m  this  variety  of  Sorghum  at  different  periods  of  its 
growth :  1st.  Grape-sugar  appears  in  the  cane  at  an  early  stage 
of  its  growth,  and  increases  slowly  to  from  three  to  four  per  cent 
before  cane-sugar  is  formed ;  2d.  Cane-sugar  is  first  noticeable  at 
the  time  when  the  flower  stalks  become  visible  above  the  leaves, 
and  its  amount  increases  steadily  until  the  seeds  are  of  full  size, 
yet  still  soft ;  3d.  The  relative  proportion  of  grape-sugar  to  cane- 
sugar  at  any  time  before  the  hardening  of  the  seeds,  do  not  exceed 
3*16  per  cent  of  the  former  to  8*49  per  cent  of  the  latter,  in  the 
majority  of  cases  it  was  about  three  to  seven.  g.  l.  g. 

3.  Number  of  the  digestive  glands  in  Dionoea. — ^L6o  Errera, 
thinking  it  would  be  physiologically  interesting  to  know  the  number 
of  glauds  to  each  flytrap  of  Dioncea^  made  a  careful  examination 
in  this  regard.  He  found  an  average  of  sixty  to  each  square  milli- 
meter, or  about  8,000  to  each  leaf.  See  Comptes-Rendus  des 
Stances  de  la  Soc.  Roy.  Bot.  de  Belgique,  April,  1879,  p.  56. 

A.  G. 

4.  CharacecB  Americance^  Illustrated  and  Described  by 
Timothy  F.  Allen,  A.M.,  MD.,  etc. — This  work  is  published  by 
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the  author  himself,  in  very  handsome  style,  each  part  consisting 
of  one  leaf  or  page  of  letter-press  and  a  plate,  in  quarto  form.  The 
plate  is  printed  in  green  color.  The  second  fascicle  has  also  a 
wood-cut  in  the  letter-press.  It  is  evident  that  Dr.  Allen  is  mak- 
ing this  a  labor  of  love,  regardless  of  expense.  He  announces 
that  his  work  ^'  will  be  issued  each  month,  and  will  include  everv 
species  and  variety  known  to  American  waters.  The  author  will 
be  happy  to  send  the  work  to  botanists  and  receive  in  return  the 
Characem  of  their  collecting,  to  the  number  of  fifty  specimens  of 
each  variety."  Directions  for  collecting  and  preparing  specimens 
of  Charm  are  appended  to  the  announcement  on  the  cover.  Each 
plate  gives  a  view  of  a  specimen  in  the  natural  size,  a  fructiferous 
portion  magnified,  and  a  cross-section  of  stem.  The  general  view 
of  the  plant  is  particularly  good.  The  magnified  portions  have  a 
certain  stiffness  and  solidity,  which  will  probably  oe  got  rid  of  in 
future  trials.  Dr.  Allen  should  be,  and  we  may  be  sure  will  be. 
encouraged  to  carry  on  to  completion  an  undertaking  which  will 
make  an  obscure  and  neglected  branch  of  botany  popular  in  this 
country,  and  which  may  incite  to  new  discoveries,  a,  g. 

6.  Malesia ;  Maccolta  di  Osservazionie  Botanicke  intemo  alle 
Piante  DeW  Archipelago  Indo-Maleae  e  Papuano^  da  Odardo 
Bbocabi.  VoL  I,  fasc.  1-3.  1877-78.  256  pp.  tab.  I-XV,  4to. 
Geneva.— Dr.  Beccari,  the  successful  explorer  of  New  Guinea, 
Borneo,  etc.,  and  now  the  Director  of  the  Royal  Museum  at 
Florence,  is  publishing  in  this  fine  work  his  botanical  discoveries 
and  those  oi  Signer  D'Albertis  as  fast  and  as  far  as  he  is  able  to 
elaborate  them.  Thus  far  the  articles  are  all  by  his  own  hand ; 
and  the  work  bids  fair  to  be  one  of  the  most  important  of  recent 
contributions  to  systematic  botany.  It  is  not  often  that  we  can 
have  such  an  interesting  accession  to  Phaenogamous  Botany  as  is 
Beccari's  Corsia  omata,  a  small  root-parasitic  plant  of  New 
Guinea  (dedicated  to  the  Marquis  Corsi  Salviati),  which  may  be 
speculatively  viewed  as  a  sort  of  survival,  representing  a  type 
from  which  Orchideoe  and  BurmaniacecB  have  proceeded.  The 
6-pbyllous  perianth  has  five  similar  and  lorate  divisions,  and  a 
sixth  much  larger  and  dilated  one  which  bears  a  nectary  within ; 
but  this  is  the  posterior  one  of  the  outer  series.  The  androBcium 
has  its  full  compliment  of  six  wholly  normal  and  similar  antherif- 
erous  stamens,  with  the  inner  series  of  these  the  three  carpels  of 
of  the  ovary  normally  alternate ;  and  the  large  placentae  are  car- 
ried inward  on  imperfect  dissepiments,  thence  their  lamellae  are 
revolute  toward  the  back  of  the  cells. 

The  first  fascicle  is  devoted  to  Palms;  the  second  to  these 
and  to  IcacinecB^  MenispermacecBy  MontmiacecB^  etc. ;  with  new 
genera  in  all ;  the  third  has  an  excursus  on  Nepenthes  and  its 
distribution,  and  describes  new  BurmanniacecB.  a.  g. 

6.  On  the  Self/ertilization  of  Plants ;  by  the  Rev.  George 
Henslow,  M.A.,  F.L.S.,  etc.  A  memoir  in  the  Transactions  of 
the  Linnean  Society  of  London,  ser.  2,  Bot.  vol.  i  pp.  318-398, 
¥nth  a  plate.    Read  Nov.  1,  1877.    Issued  1879. — This  paper  is 
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elaborate,  mostly  able  as  well  as  ingenioiis,  in  all  respects  con- 
siderable, and  unconyincing.  Its  thesis  is,  the  Darwinian  ^^  Na- 
tare  abhors  perpetual  self-fertilization,"  read  backward.  It  con- 
cludes that,  "  not  only  are  the  majority  of  plants  self-fertilizinff, 
but  that  those  which  are  exclusively  so  propagate  abundantly 
and  with  extraordinary  rapidity,  are  best  able  to  establish  them- 
selves in  foreign  countries,  as,  being  quite  independent  of  insects, 
they  run  no  risk  of  extermination  on  that  score ;  .  .  .  that,  so  far 
from  there  being  any  necessarily  injurious  or  evil  effects  resulting 
from  the  self-fertilization  of  plants  in  a  state  of  nature,  they  have 
proved  themselves  to  be  in  every  way  the  best  fitted  to  survive  in 
the  great  struggle  for  life."  The  hypothesis  is  also  advanced  "  that 
they  are  all  degraded  forms,"  and  that  therefore  "  their  ancestral 
life-history  is  a  longer  one  than  that  of  their  more  conspicuous 
and  intercrossing  relations."  We  fail  to  see  how  this  follows, 
except  upon  the  assumption  that  the  earliest  phsenogamous  plants 
had  the  most  highly  organized  blossoms;  and  that  would  not 
accord  with  vegetable  paleontology. 

Mr.  Henslow  rejoices  that  he  has  one  staunch  supporter;  **for, 
as  has  been  seen,  Mr.  T.  Meehan  has  arrived  at  the  same  conclu- 
sion ;"  and  indeed  he  builds  not  a  little  upon  facts  supplied  by 
Mr.  Meehan's  observations.  He  cites  the  latter's  ^'admirable 
paper,  which  was  reproduced  in  the  *  Gardner's  Chronicle'  for 
Sept.  11,  1875,  and  is  in  fact  an  *  apology'  for  self-fertilization." 
As  he  then  marshalls  twenty  reasons  for  believing  particular 
plants  to  be  normally  self-fertilizing,  and  nineteen  "  chief  facts 
which  may  be  regarded  as  occurring  correlatively  with  self-fertil- 
ization, some  being  actual  causes  which  directly  or  indirectly 
bring  it  about,"  it  would  appear  that  it  is  no  longer  self-fertiliza- 
tion, but  rather  the  existence  and  rawcwi  cPitre  of  cross-fertiliza- 
tion that  stands  in  need  of  apology,  or  of  explanation. 

He  freely  concedes  that  tnc  flowers  of  many  plants,  and  some 
whole  orders,  are  so  constructed  that  intercrossing  is  for  them  a 
necessity ;  also  that  most  of  those  which  are  believed  "  to  be 
normally  self-fertilizing"  because  they  can  and  do  fertilize  them- 
selves habitually,"  yet  "may  in  some  cases  be  cross-fertilized 
by  insects."  It  is  admitted  that  the  structure  of  the  latter  is 
adapted—moHt  variously  and  wondrously  adapted — to  being  fer- 
tilized by  particular  insects.  As  this  comes  to  pass  in  plants  and 
flowers  of  the  highest  organization  and  greatest  specialization, 
Darwin  and  his  school  conclude  that  this  is  a  most  advantageous 
outcome,  and  means  some  real  good  to  the  species ;  that  when 
this  is  accompanied  with  a  loss  of  self-fertility,  it  is  the  loss  of 
something  no  longer  useful,  something  better  than  self-fertility 
having  taken  its  place.  But  Mr.  Henslow,  reading  this  the  other 
way,  having  determined  "that  self-fertilization  is  per  se  a  decided 
advantage,"  and  free  from  injurious  liability,  comes  to  regard  in- 
tercrossing as  merely  "  a  compensatory  process  for  the  loss  of 
self-fertility." 

But  how  and  why  did  this  "  compensatory  process  come  to 
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pass  ?  It  is  conceived  on  both  sides  that  flowers  were  "  primordi- 
ally  inconspicuoas.'^  (To  this  Henslow  adds  hermaphrodite  and 
self-fertile,  but  that  need  not  here  come  into  account.)  Both 
agree  that  insects  have  mainly  determined  their  conspicnonsness. 
Darwin  says  this  has  been  determined  through  natural  selection 
by  the  survival  of  the  more  and  more  conspicuous  variations, 
correlated  with  their  producing  something  good  for  the  insect 
of  which  the  coloration  was  a  sign,  and  that  the  preferential  sur- 
vival of  the  more  showy  and  attractive  was  a  consequence  of 
some  benefit  of  the  intercrossing.  Henslow  propoundit  the  view 
that  insects  have  determined  the  conspicuousness  more  directly, 
and  not  by  benefiting  but  by  irritating  the  flowers.  "  These,  by 
being  greatly  stimulated  by  the  repeated  visits  of  insects,  tend  to 
become  hypertrophied.  Hence  the  corolla  enlarges,  becomes  more 
brightly  colored,  the  nectariferous  organs  increase  the  quantity 
of  secretion,  and  the  stamens  develope  more  pollen.  Such  being 
the  case,  nourishment  is  withheld  from  the  pistil,  which  is  delayed 
in  its  development ;  consequently  such  a  flower  is  very  generally 
proterandrous."  Mr.  Darwin  miffht  accept  this  as  an  ingenious 
conception  of  the  way  the  specialization  comes  about,  still  insist- 
ing on  the  advantage  of  the  resulting  intercrossing — "  or  else  the 
thing  would  hardly  come  to  pass,''  as  the  poet  has  it.  And  Mr. 
Henslow's  hypothesis  has  to  be  supplemented  to  account  for 
proterogyny,  which  is  not  much  less  conmion.  But  Henslow's 
supposed  process  works  evil  instead  of  good,  and  is  therefore 
utterly  anti-Darwinian  and  "  dysteleologicaL"  For  the  result  is  a 
disturbance  of  the  equilibrium  and  proper  correlation  between  the 
androBcium  and  gynoecium ;  and  this,  carried  further,  should  upon 
this  view  result  in  the  monoecious  and  dioecious  states.  So, 
accordingly,  the  cross-fertilization  which  comes  into  play  in  the 
case  of  separated  sexes,  and  in  that  of  self-sterile  hermaphroditism, 
is  not  for  any  good  there  is  in  it  per  se,  but  because  it  may  no 
better  be.  And  all  the  elaborate,  exquisite,  and  wonderfully 
various  modes  of  adaptation  of  flowers  to  insects  are  only  ways  of 
repairing  the  damages  inflicted  upon  blossoms  by  insects  through 
their  persistent  visits !  Did  Mr.  Henslow  ever  asic  himself  the 
question  why  the  sexes  are  separate  in  animals  ? 

The  conclusion  which  Mr.  Darwin  had  helped  us  to  reach  is, 
that  intercrossing  should  be  regarded  as  the  aim  in  nature  and  on 
the  whole  most  beneficial,  and  self-fertilization  as  a  safe-guard 
against  the  risks  of  crossing ;  that  most  hermaphrodite  flowers 
have  the  advantage  of  both,  the  latter  for  immediate  sureness,  the 
former  for  ultimate  benefit.  Upon  the  new  view,  self-fertiliza- 
tion is  the  aim  and  the  consummation,  and  cross-fertilization  at 
best  a  sucoedaneum.  By  it  insects  may  repair  the  damage  they 
have  caused  to  blossoms  through  endowing  them  with  "  the  fatal 
^fl  of  beauty,"  and  stimulating  their  organs  of  secretion ;  and  by 
it  the  winds  may  bring  chance  relief  to  those  which,  at  length 
abandoned  by  their  spoilers,  have  lost  this  attractiveness  and 
&llen  to  the  degradation  of  unisexuality.    For  these  last,  as  has 
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already  been  stated,  are  hypothetically  regarded  as  degraded 
from  higher  floral  types. 

We  are  bound  to  glance  at  some  of  the  considerations  which 
are  adduced  in  support  of  this  thesis.  They  are  multifarious  and 
of  unequal  value.  As  has  occurred  in  other  cases,  so  here  also, 
the  weightiest  objections  to  Mr.  Darwin's  view  are  those  which 
he  has  himself  brought  out,  namely,  the  fact  that,  as  tested 
experimentally  under  cultivation,  while  some  plants  are  much  in- 
creased in  vigor  and  fertility  by  artificial  intercrossing,  others  are 
not  sensibly  benefited ;  and  that  the  benefit  derivea  in  marked 
cases  is  not  cumulative,  but  reaches  its  maximum  in  two  or  three 
generations.  And  even  close  breeding  under  cultivation  occa- 
sionally gives  rise  to  very  vigorous  and  fully  prolific  self-fertile 
races.  I'hen  many  plants  are  fully  self-fertile'in  nature,  and  it  is 
not  proved  that  any  such  have  lost  or  are  in  the  way  of  losing 
either  fertility  or  vigor  through  continued  inter-breeding.  But, 
before  drawing  from  this  the  conclusion  that  cross-fertilization  is 
of  little  or  no  account  in  nature,  it  should  be  remembered  that 
bud-propagated  races  are  in  similar  case.  Races  exist  which  have 
been  propagated  only  from  buds  for  hundreds  of  years,  with  seem- 
ingly undiminished  vigor,  and  there  is  no  proof  that  any  one  has 
succumbed  under  the  process.  But  for  all  that  we  do  not  doubt 
that  sexual  reproduction  contributes  something  to  the  well-being 
of  the  species,  besides  facilitating  its  dispersion.  Again,  no  one 
questions  the  necessity  of  fertilization  by  pollen  to  the  production 
of  embryo  in  the  seed ;  yet,  even  in  this,  the  necessity  is  not  so 
imminent  but  that  some  embryos  may  originate  without  it.  (See 
preceding  volume  of  this  Journal,  p.  334.) 

In  short,  the  facts  brought  out  by  Darwin  and  others,  and  all 
the  considerations  of  the  present  essay,  are  best  harmonized  by  the 
conception  which  the  former  has  consistently  maintained,  namely, 
that  an  occasional  cross  suffices  to  secure  the  benefit  of  inter- 
crossing, whatever  that  may  be.  Nothing  yet  appears  which 
seriously  disturbs  our  conviction  that  just  this  is  what  nature 
generaliv  provides  for. 

Mr.  lienslow's  proposition,  "  The  majority  of  flowers  are  self- 
fertile,"  is  doubtless  true  in  the  sense  that  they  are  capable  of 
self-fertilization,  and  is  not  improbable  in  the  sense  that  they  ^^  can 
and  do  fertilize  themselves  habitually."  But  his  inference  that 
the  majority  of  flowers,  or  that  any  flowers,  actually  propa^te 
for  a  series  of  generations  by  self-fecundation,  or  that  a  cross  if  it 
occur  is  "  exceptional,"  and  of  no  account,  is  surely  unwarranted 
by  the  evidence  which  he  has  adduced. 

Occasionally  the  reported  facts  will  not  bear  scrutiny.  Oen- 
tiana  Andreioaii^  it  is  said,  never  opens  at  all  in  America.  It 
opens  in  sunshine  in  the  middle  of  the  day  here  in  New  England. 
And  while  looking  at  closed  flowers  we  have  seen  a  humble  bee 
emerge  from  one.  We  have,  in  this  Journal,  shown  how  it  is 
that  self-fertilization  is  impossible  during  the  first  three  or  four 
days  of  anthesis,  but  neatly  practicable  afterwards.     It  is  rash  to 
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infer  (as  'on  p.  330)  that  papilionaceons  flowers  which  shed  their 
pollen  early  in  proximity  to  the  stigma  are  therefore  self-fertilized. 
In  most  ot  the  cases  adduced  the  pollen  is  not  lodged  upon  the 
stigma,  but  upon  the  style  below  it,  and  the  adaptations  for  in- 
tercrossing, though  the  mechanism  be  different,  are  as  explicit  as 
in  the  analogous  case  of  Campanula.  '*  Fremont  pathetically 
describes  the  solitary  bee  that  rested  on  his  shoulder  at  the  top  of 
Pike's  Peak."  The  pathos  is  wasted  as  respects  all  but  this  par- 
ticular bee;  for  the  entomologists  find  the  alpine  region  of  the 
Rocky  Mountains  to  be  as  well  stocked  with  fiying  insects  as  are 
alpine  regions  in  other  parts  of  the  world.  They  do  not  super- 
abound,  but  if  from  the  alpine  flora  we  subtract  the  evidently 
entomophilous  and  the  anemophilous  blossoms,  the  remainder 
will  be  nearly  nil.  And  as  to  the  correlation  of  this  comparative 
scarcity  of  insects  with  the  marked  conspicuousness  of  blossoms, 
this  is  the  way  the  lesson  is  read  by  a  most  emiuent  physiologist : 
"  Even  the  glowine  hue  of  alpine  flowers  is  accounted  for  by  the 
attraction  which  brighter-colored  individuals  exercise  upon  the 
insects,  scarce  in  those  heights  and  necessary  for  fertilization." 

One  or  two  of  the  author's  own  observations  are  perhaps  to  be 
revised.  "  Oaura  parviflora  .  .  .  has  no  corolla  and  is  cleisto- 
gamous,  in  that  it  is  self-fertilizing  in  bud,  as  I  found  in  specimens 
growing  at  Kew."  Were  they  not  imperfectly  developed  blos- 
soms, perhaps  late  in  the  season  ?  Here  the  flowers  open  freely 
and  have  rose-colored  petals.  If  he  will  examine  fresh  specimens 
of  Scrophularia^  it  will  soon  be  clear  that  his  idea  of  their  self- 
fertilization  (p.  371)  is  a  mistake.  It  is  a  mere  slip  in  the  Genera 
Plautarum  through  which  abortive  stamens  are  attributed  to  the 
cleistgamous  flowers  of  JEpiphegus,  The  authors  evidently  meant 
to  describe  the  case  just  as  Mr.  Henslow  found  it  to  be,  but  used 
a  wrong  word. 

"  Weeds  are  probably  all  self-fertilizing  or  anemophilous.  A 
weed  is  simply  an  unattractive  plant,  ana  possessing  no  feature 
worthy  of  cultivation."  It  may  be  as  difficult  to  define  "  a  weed" 
as  to  define  "  dirt."  But,  turning  to  the  Handbook  of  the  British 
Flora,  we  find,  as  we  expected,  that  the  showy  Com  Poppy,  Cockle, 
and  Larkspur  are  denominated  weeds.  Why  weeds  should  possess 
the  vigor  and  gain  the  predominance  which  they  do  is  a  large  ques- 
tion, to  which  other  solutions  have  been  oflered  than  that  the  one 
which  is  in  this  essay  very  plausibly  maintained.  We  cannot 
take  up  the  topic  here ;  but,  without  acceding  to  his  general  pro- 
position, we  are  much  disposed  to  agree  with  the  author  in  this 
essay,  as  respects  some  of  them,  that  aptitude  for  self-fertilization 
may  have  given  them  the  advantage  which  has  determined  their 
wide  dispersion. 

The  insistence  upon  the  importance  of  self-fertilization  is  what 
gives  this  essay  its  value.  As  a  whole  it  fortifies  the  proposition, 
well  laid  down  by  Herman  Mueller,  which  Mr.  Henslow  cites : — 
"  that,  under  certain  conditions,  the  facility  for  self-fertilization  is 
most  advantageous  to  a  plant,  while,  under  other  conditions,  the 
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inevitablenesB  of  croea-fertilizatioii  by  the  visits  of  insects  is  the 
more  advautageous."  Bat  this  is  not  our  author's  thesis.  It 
comes  to  this :  the  plan  of  nature  is  either  cross-fertilization  sup- 
plemented by  close-fertilization,  or  close-fertilization  tempered  by 
cross-fertilization.  As  restricted  to  plants  the  difference  is  not 
wide.  Regarded  generally,  the  Darwinian  axiom  is  still  best  sus- 
tained. A.  G. 

7.  On  the  causes  of  the  change  in  form  of  Etiolated  Plants; 
by  Professor  Godlbwski,  Dublany  (Poland^.  Bot  Zeit.  6,  1879. 
— In  1873,  Professor  Oodlewski  published  in  Flora  an  account  of 
his  investigations  respecting  the  formation  of  starch  in  chloro- 
phyl  grains.  In  that  memoir  he  stated  that  the  changes  in  form 
which  plants  undergo  in  darkness  are  not  due  to  the  saspension 
of  the  assimilative  process.  In  1875  and  1877  he  publishea  in  the 
Polish  language  two  short  notices  of  his  further  observations 
upon  this  subject,  and  which  he  now  fully  recounts  in  the  present 
paper.  Only  the  first  series  of  his  later  experiments  will  be  re- 
ferred to  now,  namely,  those  bearing  upon  the  question  as  to  the 
relation  of  the  assimilative  process  to  the  change  of  form  in  grow- 
ing plants  deprived  of  light.  It  is  a  general  rule,  to  which  there 
are  some  exceptions,  that  intemodes  ^rown  in  the  dark  are  longer, 
and  leaves  are  smaller  than  those  which  develope  in  sunlight.  In 
Pringsheim's  Jahrbdcher  £  wiss.  Botanik,  voL  vii,  p.  213,  Dr.  G. 
Kraus  has  sought  to  explain  the  latter  fact  by  the  hypothesis 
that  it  is  chiefly  out  of  assimilated  matter  freshly  formed  in 
growing  green  leaves  themselves  that  they  expand  to  their  full 
size,  and  hence  the  diminutive  size  of  etiolated  leaves  is  thought 
by  him  to  be  directly  dependent  upon  the  absence  of  the  assimi- 
lative process. 

In  Professor  Godlewski's  experiments  terminating  plants  were 
cultivated  in  an  atmosphere  aeprived  of  its  carbonic  acid,  some 
of  them  in  light,  others  in  perfect  darkness,  but  under  similar 
conditions  of  temperature  and  moisture.  It  was  found  that  when 
the  plantlets  had  exhausted  the  food  stored  in  the  seed,  and  had 
ceased  to  grow,  the  total  weight  of  dry  organic  matter  was  the 
same  in  the  green  and  in  the  etiolated  plants.  The  plantlets 
which  had  grown  in  the  light  but  in  air  fi^  from  carbonic  acid, 
and  where  assimilation  could  not  take  place,  did  not  bear  the 
slightest  resemblance  in  form  to  etiolated  plants.  They  were  of 
perfectly  normal  habit.  o.  l.  g. 

IV.  Astronomy. 

1.  Orbits  of  the  binary  systems^  fx  JSeroulis  and  298  Struve: 
by  W.  Bbebb. — The  double  star  /i  Herculis  had  been  observed 
since  1858,  and  has  shown  a  change  of  about  180^  in  the  position 
angle  though  the  observations,  twenty-eight  in  number,  and  by 
twelve  different  observers,  exhibit  large  discrepancies  and  are  not 
all  trustworthy. 

The  orbit  was  computed  by  Herschel's  first  method  and  agrees 
with  the  interpolation  curve  quite  closely.    The  corrections  to  E, 
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T  and  P.,  obtained  by  Elinkerftie's  first  method  did  not,  however, 
improve  the  agreement.  The  eccentricity  is  somewhat  uncer- 
tain and  the  periodic  time  probably  too  large.  The  observations 
for  298  of  O.  Struve's  catalogue  are  thirteen  in  number  and  aeree 
tolerably  well  It  has  been  observed  since  1843,  and  the  position 
angle  up  to  1878  had  changed  about  130^  The  orbit  was  com- 
puted by  Herschel's  second  and  Elinkerfue's  first  method.  The 
orbit  however  is  not  definitive. 

For  the  observed  places  used  I  am  indebted  to  Mr.  Bumham, 
who  kindly  collected  for  me  all  the  available  material. 

T 
P 

Q 

TT-Q 

e 
a 
Kew  Haven,  April  5th. 

2.  JReport  of  the  Observations  o/t/ie  Total  Solar  JSclipse,  July 
29,  1878,  made  <U  Fort  Worthy  Texas.  Edited  by  Leonard 
Waldo,  Assistant  at  the  Observatory  of  Harvard  College.  60 
pp.  4to,  with  4  plates. — The  Fort  Worth  Eclipse  party  consisted 
of  Messrs.  Waldo,  Willson,  Rees,  Pulsifer  and  Seagrave,  a  volun- 
teer party  whose  special  object  it  was  to  record  such  phenomena 
as  might  aid  in  establishing  the  correct  theory  regarding  the  solar 
corona.  Observations  were  made  with  the  naked  eye,  the  tele- 
scope, the  spectroscope,  the  polariscope,  and  photographs  of  the 
corona  were  taken  both  with  and  without  double  refracting 
prisms.  Professor  Pickering  and  Mr.  Waldo  consider  that  the 
double  image  photographs  imply  tangential  polarization  of  the 
light  of  the  corona. 

Mr.  Pulsifer  observed  the  reversal  of  the  lines  of  the  spectrum 
with  the  brij^ht  lines  (except  0)  shortened  at  each  end.  He 
infers  therefrom  that  his  slit  extended  beyond  the  reversing  layer 
on  each  side.  He  hence  infers  a  minimum  thickness  of  the  revers- 
ing layer  of  524  miles.  h.  a.  n. 

3.  Catalogtte  of  Stars  observed  at  the  United  States  Naval 
Observatory,  during  the  years  1846-1877,  and  prepared  for  pub- 
lication by  Professor  M.  Tabnall,  U.  S.  N.,  by  order  of  Rear 
Admiral  John  Rodgbbs,  XJ.  S.  N.,  Superintendent  Second  edi- 
tion, revised  and  stereotyped,  280  pp.  4to.  Washington,  1878. — 
The  author  of  this  Catalogue  of  Stare,  Professor  Yarnall,  died  on 
the  27th  of  February,  1879;  he  lived  to  correct  the  last  proof 
sheets  of  this  work,  but  not  to  see  the  volume  in  its  completed 
form.  This  catalogue  includes  all  the  work  done  at  the  Observa- 
tory with  the  old  instruments,  and  thus,  as  the  author  remarks, 
forms  an  epoch  in  the  history  of  the  Observatory.  It  is  a  work 
of  high  intrinsic  excellence  and  is  of  especial  interest  as  contain- 
ing the  results  of  the  life  work  of  a  most  accurate,  patient  and 
untiring  observer. 
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4.  Astronomical  and  Meteorological  Observations  made  du- 
ring the  year  1875  at  the  United  /States  Naval  Observatory^  llear 
Admiral  (3.  H.  Davis,  U.  S.  N.,  Superintendent.  Published  by 
authority  of  the  Hon.  Secretary  of  the  Navy.  4to.  Washington, 
1878. — In  addition  to  the  description  of  observations  made  at  the 
Observatory  in  1875,  which  cover  560  pages  of  the  volume,  it 
also  contains  three  Appendixes;  one  of  them  is  entitled  Re- 
searches on  the  Motion  of  the  Moon  made  at  the  U.  S.  Naval 
Observatory,  Part  I,  by  Professor  Simon  Newcomb.  The  great 
work  undertaken  by  Professor  Newcomb  has  as  its  obiect  the 
re-investigation  of  the  subject  of  the  Moon's  motion,  with  a  view 
to  ascertaining  the  cause  of  the  deviations  of  the  observations 
from  Hansen's  Tables.  The  part  of  the  work  now  published  con- 
tains a  reduction  and  discussions  of  observations  of  the  moon 
before  1750,  involving  the  use  of  much  material  hitherto  but 
little  known.  The  remaining  part,  not  yet  completed,  will  con- 
tain a  computation  of  the  action  of  the  planets  and  the  deduction 
of  the  mathematical  theory  of  the  inequalities  of  long  period  in 
the  moon's  mean  motion. 

5.  On  the  Spectrum  of  Brorsen^s  Comet;  bv  W.  H.  M.  Chbistie. 
— With  reference  to  Professor  C.  A.  Young's  Note  on  the  Spectrum 
of  Brorsen's  Comet,  it  may  be  of  interest  to  mention  that  observa- 
tions made  at  the  Royal  Observatory,  Greenwich,  confirm  his 
conclusion  as  to  the  coincidence  of  the  brightest  band  in  the 
comet  spectrum  with  the  green  band  of  carbon. 

We  were  not  able  to  examine  the  comet's  spectrum  till  April  1 7, 
as  the  Great  Equatoreal  was  in  the  workmen's  hands  till  that  date 
for  alterations  required  to  allow  of  the  more  convenient  use  of  the 
spectroscope.  On  that  evening,  and  again  on  April  19,  the  comet's 
spectrum  was  repeatedly  compared  by  Mr.  Maunder  and  myself, 
with  the  spectrum  of  alcohol  taken  in  a  vacuum  tube.  The  less 
refrangible  edge  of  the  brightest  comet-band  coincided  as  exactly 
as  could  be  determined  with  the  corresponding  edge  of  the  green 
carbon-band  at  5,200,  but  the  comet-band  was  very  much  wider, 
extending  two-thirds  of  the  way  toward  F  (L  e.,  about  200  tenth- 
meters),  and  covering  the  carbon-band  at  5,200  (about  80  tenth- 
meters  broad)  and  the  two  following  fainter  bands  at  5,100  and 
5,020.  The  comparisons  were  made  on  April  1 7  by  the  help  of 
an  occulting  bar,  and  on  April  19  with  Hilger's  bright-line 
micrometer,  illuminated  by  red  light.  With  the  latter,  readings 
for  the  comet-  and  carbon-bands  respectively,  agreed  within  half 
a  tenth-meter.  The  half  prism  spectroscope  with  a  dispersion  of 
lO**  from  A  to  H  (equivalent  to  two  prisms  of  60®)  was  used  on  the 
Id-inch  equatoreal.  From  spectroscopic  observations  of  the  carbon 
compound,  printed  in  the  volume  of  Greenwich  Observations,  1876, 
it  appears  tnat  the  bands  in  the  spectrum  of  alcohol  are  identical 
with  those  in  the  spectra  of  defiant  gas,  and  of  carbon  monoxide 
and  dioxide. 

A  second  band  was  seen  in  the  orange  of  the  comet's  spectrum 
approximately  coincident  with  the  carbon  band  about  5,600. 
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This  band  was  of  about  cue-fourth  the  brightness  of  the  principal 
band« 

The  results  on  April  17  were  obtained  without  a  knowledge  of 
Professor  Young's  work,  and  thus  afford  an  independent  confirma- 
tion of  his  conclusion. — NcUnre^  May  1. 

Boyal  Observatory,  Oreenwiob,  April  21. 

V.    MiSOBLLANEOITS  SoiBNTIFIO  INTKLLIGBNCB. 

1.  Notes  on  Pagosa  Springs^  Colorado;  by  Lieut.  C.  A.  H. 
McCaflky,  Third  Cavalry,  Assistant  Engineer,  TJ.  S.  A.  27  pp. 
8vo.  Report  to  the  Secretary  of  War,  Feb.,  1879;  printed  by 
order  of  Congress. — ^The  Pagosa  Springs  are  situated  in  the  valley 
of  the  San  Juan  river,  southern  Colorado,  on  the  road  from  Tierra 
Amarilla,  New  Mexico,  to  the  Animas  region.  The  springs  have 
been  long  known  and  used  by  the  Ute  Indians;  they  received 
from  them  their  name  Fahrgosa — from  pah^  water,  and  gosa^ 
boiling.  The  group  of  hot  springs  occupies  an  area  of  about 
twenty-one  acres  on  the  western  side  of  the  River.  Lieut. 
McCauley  describes  nineteen  of  these,  and  in  addition  several 
cold  springs  forming  an  independent  group;  they  are  situated  in 
an  area  of  the  Cretaceous  formation.  The  largest  hot  spring  has 
a  peai^shaped  crater  sixty-nine  feet  long  and  forty-five  leet  wide, 
the  depth  not  determined.  An  apparent  ebullition  goes  on  con- 
stantly, but  it  is  gaseous  and  not  due  to  boiling,  the  waters  rising 
charged  with  hym*ogen  sulphide  and  carbon  dioxide.  The  tem- 
perature of  this  spring  was  found  to  be  141®  F.,  that  of  the  river 
being  40°  F.,  and  the  highest  air-temperature  being  49®  (Decem- 
ber) ;  the  temperature  at  the  exits  into  the  river — the  outflow  is 
subterranean — was  127®  F.  The  waters  contain,  besides  the  gases, 
chiefly  calcium  carbonate  and  sodium  sulphate,  with  smaller  quan- 
tities of  sodium  chloride,  sodium,  magnesium  and  lithium  carbon- 
ates, and  potassium  sulphate.  The  deposition  of  solid  matter  goes 
on  quite  rapidly,  stalactites  and  stalagmites,  consisting  chiefly  of 
calcium  carbonate  and  sodium  sulphate,  being  formed  within  the 
pools. 

The  temperature  of  the  water  in  the  other  springs  varied  mostly 
between  135®  and  140®,  though  several  of  them  had  temperatures, 
of  only  101®-110®.  The  cold  springs  are  south  of  the  main  spring, 
on  the  opposite  bank  of  the  nver  and  about  half  a  mile  distant ; 
their  temperature  differs  but  little  from  that  of  the  air.  Lieut. 
McCamley^s  Report  contains  a  series  of  interesting  wood-cuts 
showing  the  topographical  relations  of  the  country  about  the 
springs,  and  also  the  details  in  their  structure. 

2.  Notes  by  a  Naturalist  on  the  CJmllengery  being  an  account  of 
various  observations  made  during  the  voyage  of  H.  M.  S.  '^  Chal- 
lenger'* around  the  world  in  the  years  1872-1876,  by  H.  N. 
MosELY,  M.  A.,  F.R.S.,  Fellow  of  Exeter  College,  Oxford,  Member 
of  the  Scientific  Staff  of  H.  M.  S.  Challenger.  606  pp.  8vo.,  with 
a  map,  two  colored  plates  and  numerous  woodcuts.  London,  1879 
(Macmillan  &  Co.). — ^These  notes  make  a  volume  full  of  facts  of 
interest,  popular  as  well  as  scientific,  relating  to  the  countries  and 

Am.  Joub.  8ci.— Third  Seribs,  Vol.  XVII,  No.  102.— Jumb,  1879. 
34 
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people  viBited,  icebergs,  corals  and  coral  reefe,  the  habits  and 
nature  of  some  of  the  stranger  animals  and  plants  of  the  sea  and 
land,  and  on  geological,  anthropological  and  other  topics;  and 
they  are  presented  in  the  direct  and  lucid  style  that  bespeaks  the 
faitnful  scientific  observer.  The  author  is  an  able  naturalist,  and 
has  published  many  very  valuable  papers  (partly  in  the  Transac- 
tions of  the  Royal  Society)  as  the  results  of  careful  work  during 
the  cruise  and  of  thorough  microscopic  investigations  since,  relat- 
ing to  the  structure  of  MilleporeSy  the  Alcyonarian  relations  and 
structure  of  Hdiopora  cceruleay  the  structure  of  the  Stylasteridae^ 
on  CoralSy  Actincmay  JPlanarice^  and  other  zoological  subjects, 
besides  Botanical  notes  in  the  Journal  of  the  Linn»an  Society. 

3.  JReport  of  the  National  Academy  of  Sciences. — ^At  the  meet- 
ing of  the  National  Academy  of  Sciences  held  in  Washington, 
April  15th  to  19th,  1879,  the  following  papers  were  read: 

0.  S.  Peiroe. — Ghosts  in  Uie  difiractioD  spectra ;  Oomparisons  of  the  meter  with 
wave  lengths:  On  the  errors  of  pendulum  experiments,  and  on  the  method  of 
swinging  pendulums  proposed  bj  Mr.  Faje ;  On  projections  of  the  sphere  whidi 
preserve  Uie  angles. 

Hbnbt  Drapbb. — Confirmations  bj  spectrum  photographs  of  the  discovery  of 
oxygen  in  the  sun. 

E.  0.  FiOKEBiNO.— On  the  eclipses  of  Jupiter's  satellites;  On  two  new  forms  of 
micrometers. 

Alfred  M.  Kateb.— On  a  new  form  of  heliostat 

J.  E.  HiLOASD. — Report  on  the  progress  of  the  international  bureau  of  weights 
and  measures;  An  account  of  geodetic  acts  determined  by  the  Coast  Survey  in 
relation  to  the  figure  of  the  earth. 

Simon  Kewoomb. — On  the  recurrence  of  solar  eclipses. 

H.  A.  Newton. — On  the  influence  of  Jupiter  upon  bodies  passing  near  that  planet. 

S.  Weib  Mitchell. — On  tlio  relations  of  neuralgic  pains  to  storms  and  the 
earth's  magnetism. 

C.  F.  Chandleb. — On  a  new  polariscopic  method  for  the  detection  and  estima- 
tion of  dextro-glucose  in  the  presence  of  cane  sugar  and  inverted  sugars. 

H.  L.  Abbott. — On  the  ignition  of  high  tension  fuses. 

Elias  Looios. — ^The  wmds  on  Mount  Washington  compared  with  the  winds 
near  the  level  of  the  sea. 

E.  W.  HiLGABD. — ^The  Icess  of  the  Mississippi,  and  the  .ZBolian  hypothesis. 
Joseph  LeConte. — ^The  extinct  volcanoes  about  Lake  Mono  and  meir  relation 

to  our  glacial  drift 

J.  S.  Newbebbt. — On  the  great  silver  deposits  recently  discovered  in  Colorado, 
Utah,  and  Nevada. 

G.  J.  Bbush. — On  a  mineral  locality  in  Fairfield  County,  Conllectioul 

A.  Agassiz. — Report  on  dredgings  in  the  Caribbean  Sea  by  the  Coast  Survey 
steamer  Blake,  Commander  John  R.  Bartlett,  United  States  Navy. 

C.  y.  RiLET. — On  the  hybernations  and  migrations  of  AlsUa  argiUacea  (the  par- 
ent of  the  cotton-worm). 

S.  H.  SouDDBB. — ^The  PalsdOEoic  cockroaches. 

S.  D.  Cope. — On  the  extinct  species  of  the  Bhinooeros  and  allied  forms  of 
North  America. 

H.  Mitchell. — On  the  physical  hydrography  of  the  Gulf  of  Maine. 

Q.  K.  GiLBEBT.— On  the  stability  and  instability  of  drainage  lines. 

A.  Gbaham  Bell. — On  vowel  theories  considered  in  the  lig^t  of  recent  experi- 
ments with  the  phonograph  and  phonautograph. 

F.  A.  P.  Babnabd. — Report  of  the  Committee  on  Weights,  Measures,  and  Coinage. 

Professor  William  B.  Rogers  was  elected  President  in  place  of 
Joseph  Henry,  deceased.  The  followingnew  members  were  elected : 
Cleveland  Abbe,  J.  W.  Gibbs,  W.  G.  Farlow,  H.  C.  Wood. 
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Art.  LXin. — Polydactyle  Horses^  Recent  and  Exiinct;  by 
Professor  O.  C.  Marsh. 

It  is  said  that  the  aborigines  of  this  country,  when  they  first 
saw  the  horses  brought  over  by  the  Spaniards,  named  the  new 
animal  "the  beast  with  one  finger  nail."  Certainly,  the  single 
hoof  on  each  foot  is  the  most  marked  characteristic  of  the 
modern  horse,  and  one  on  which  some  of  his  most  valuable 
qualities  depend.  The  nearest  living  allies  of  the  horse  are  the 
ass  and  the  zebra,  and  they  possess  the  same  pedal  peculiarities. 

In  addition  to  each  main  digit  of  the  ordinary  horse,  how- 
ever, the  anatomist  finds  concealed  beneath  the  skin  two  slender 
metapodial  **  splint  bones,"  which  are  evidently  the  remnants 
of  two  other  toes,  originally  possessed  by  the  ancestors  of  the 
horsa  It  is  an  interesting  fact  that  these  splint  bones  are  some- 
times quite  fully  developed,  and  may  even  support  extra  digits, 
which  are  much  smaller  and  shorter  than  the  main  foot.  As 
these  small  hoofiets  are  usually  regarded  as  a  serious  detriment 
to  the  animal,  they  are  generally  removed  from  the  colt  soon 
after  birth,  but  in  such  cases  the  enlarged  splint  bones  not 
unfrequently  indicate  in  the  adult  their  former  existence. 

Numerous  cases  of  extra  digits  in  the  horse  have  been  recorded, 
and  in  nearly  all  of  them  a  single  lateral  hoofiet  was  present  on 
one  of  the  fore  legs.  In  most  instances  the  occurrence  was  noted 
chiefly  on  account  of  its  raritv,  and  no  record  was  made  of  the 
exact  position  of  the  extra  hoofs  with  reference  to  the  main 
digit,  nor  of  the  significance  of  these  useless  appendages. 
Since  the  attention  of  the  writer  was  called  to  the  subject,  a 
few  years  since,  he  has  ascertained  that  these  supernumerary 
digits  are  much  more  common  in  the  horse  than  has  been 
supposed,  and  in  many  cases  they  appear  to  indicate  a  reversion 
to  an  early  ancestral  type. 
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The  figures  given  below  represent,  (1)  the  foot  of  the  modern 
horse  in  its  normal  condition,  with  the  splint  bones  rudimen- 
tary ;  (2)  the  foot  abnormally  developed,  with  one  splint  bone 
bearing  a  small  hoofiet ;  and  (8)  the  foot  of  an  extmct  three- 
toed  ancestor  of  the  horse.  The  feet  are  all  from  the  left  side, 
and  the  numbers  attached  indicate  the  different  digits,  counting 
from  the  inside.  The  first  and  fifth,  corresponding  to  the 
thumb  and  little  finger  of  the  human  hand,  are  wanting  in 
these  figures.  A  specimen  similar  to  that  represented  in 
figure  2  is  preserved  m  the  Museum  of  Yale  College. 

2.  3. 


Figure  1. — Fbre  foot  of  Horae  {Eqviwt), 
Figure  2. — Fore  foot  of  Horse  with  extra  digit 
Figure  3. — ^Fore  foot  of  Bippa/rion, 

The  first  recorded  instances  of  extra  dibits  in  the  horse, 
known  to  the  writer,  are  two  mentioned  by  George  Simon 
Winter,  in  his  famous  book  on  Horses,  published  near  the 
beginning  of  the  last  century.*  One  of  the  horses  referred  to 
and  figured  in  this  work  was  "  eight-toed,"  having  a  small  extra 
digit  on  the  inside  of  each  foot  (p.  184,  Plate  21  P.).  Winter 
states  that  this  horse  was  exhibited  in  Germany  in  1663,  and 
a  portrait  of  it  preserved  in  Cologne.  His  account  was  derived 
from  a  person  who  had  examined  the  animal.  The  other 
horse  described  by  Winter  (page  186,  Plate  24),  had  a  small 
hoof  on  the  insiae  of  each  fore  foot,  and  this  steed.  Winter 
states,  he  had  not  only  seen  but  ridden. 

Geoffroy  Saint-Hilaire  has  recorded  the  fact  that  he  examined 
a  foetal  horse  which  was  polydactyle  on  the  fore  feet,  the  left 
foot  bearing  three  nearly  equal  digits,  and  the  right  but  two.f 
Owen  has  described  the  right  fore  foot  of  a  horse  with  a  double 
hoof,  the  extra  digit  being  on  the  inaer  side,  answering  to 

*  DeBe  Eqwvria^  Nuremberg,  1703. 

f  Amaiea  dea  Sdeneee  NatmreilM^  XI,  p.  224.    Paris,  182*7. 
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the  second  digit*  Arloing  has  figured  and  described  similar 
specimens,  t  Leidy  has  described  the  right  fore  leg  of  a 
horse  with  a  supernumerary  digit  on  the  inner  side;  ana  Allen 
subse(]^uently  discussed  the  same  specimen.:}:  A  number  of 
other  instances  have  been  recorded,  showing  that  extra  digits 
are  by  no  means  rare  in  the  modern  horse. 

The  most  interesting  case  of  this  kind  examined  personally 
by  the  writer  is  the  horse  reoresented  in  figure  4.  This  animal 
was  on  exhibition  in  New  Orleans,  in  the  spring  of  1878,  and 
Dr.  Stanford  E.  Chaill^  of  that  city  first  called  the  attention  of 
the  writer  to  it,  and  likewise  sent  a  photograph,  from  which  the 
cut  below  was  made. 


Pignre  4. — Oatline  of  horse  wiUi  extra  digit  on  each  foot 

This  same  horse  was  subsecjuently  brought  to  the  North,  and 
a  few  days  since  was  on  exhibition  in  New  Haven,  Conn.,  where 
the  writer  examined  him  with  some  care.  The  animal  is  of 
small  size,  about  ten  years  old,  and  is  said  to  have  been  foaled 

*  Osteologioal  Oatalogue,  Museum  Bojal  Oollege  of  Surgeons,  YoL  II,  p.  537. 
London,  1853. 

JAnruUea  des  Sciences  NaitwdleSy  THl,  p.  65.    1867. 
Proceedings  Academj  Natural  Sciences,  Philadelphia.    1871,  p.  112,  and 
1876,  p.  92. 
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in  Cuba.  He  is  known  among  showmen  as  the  "Eight-footed 
Cuban  Horse."  With  the  exception  of  the  extra  digits,  he  is 
well-formed,  and  doubtless  is  capable  of  considerable  speed, 
dthough  some  of  the  exploits  claimed  for  him  may  fairly  be 
questioned 

The  four  main  hoofe  are  of  the  ordinary  form  and  size.  The 
extra  digits  are  all  on  the  inside,  and  correspond  to  the  index 
finger  of  the  human  hand.  They  are  less  than  half  the  size 
of  the  principal  toes,  and  none  of  them  reach  the  ground.  An 
external  examination  indicates  that  the  metapcdial  bone  of 
each  extra  digit  is  entire,  and  at  its  lower  end,  at  least,  b 
not  coossified  with  the  main  cannon  bone. 

There  appear  to  be  two  phalanges  above  the  coffin  bone  in 
each  of  these  digits,  which  are  thus  rendered  flexible,  especially 
in  a  fore  and  aft  direction.  There  was  no  indication  of  "inter- 
fering" shown  on  the  inner  digits  themselves,  although  it  is 
difficult  to  see  how  this  could  be  entirely  avoided  during  rapid 
motion.  The  splint  bone  on  the  outer  side  of  each  leg  is 
apparently  of  the  usual  shape  and  size. 

Amon^  the  instances  of  recent  polydactyle  horses,  described 
to  the  writer  by  those  who  have  seen  them,  are  two  of  special 
interest.  One  of  these  was  a  colt  with  three  toes  on  one  fore 
foot,  and  two  on  the  other.  The  animal  recently  died  in  Ohio. 
Another  is  a  mare,  raised  in  Indiana,  and  still  living,  which  is 
said  to  have  three  toes  on  each  fore  foot,  and  a  small  extra 
di^t  on  each  hind  foot  In  r^ard  to  the  latter  animal,  the 
wnter  hopes  soon  to  have  noore  definite  information. 

Besides  the  instances  mentioned  above  of  extra  digits  in 
place  in  the  existing  horse,  there  are  many  cases  on  record  of 
true  monstrosities,  as,  for  example,  additional  feet  or  limbs 
attached  to  various  portions  of  the  body.  Such  deformities 
now  admit  of  classification  and  explanation,  but  need  not  be 
considered  in  the  present  discussion. 

In  reviewing  what  is  now  known  of  extra  digits  in  the  feet 
of  the  modem  horse,  the  best  authenticated  instances  appear 
to  fall  naturally  into  two  groupa  The  first  of  these  includes 
digits  which  are  simply  cases  of  reduplication,  quite  similar  to 
the  extra  finger  occasionally  seen  in  the  human  hand.  Such 
deformities  are  apparently  a  vegetative  repetition,  the  explana- 
tion of  which  has  not  yet  been  satisfactonly  determined.  ^The 
second  class  includes  cases  where  a  true  digit  is  formed,  the 
component  bones  of  which  are  in  their  normal  position,  and  in 
proper  relation  to  the  rest  of  the  limb.  Such  instances  appear 
to  be  clearly  due  to  reversion  to  some  ancestral  type.  &)me 
digits,  which  appear  at  first  sight  to  belong  in  the  first  category, 
may  really  illustrate  the  second,  but  the  converse  of  this  is 
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mach  lees  likely  to  be  true.  The  cases  of  apparent  reversion 
are  of  especial  interest,  and  it  is  important  to  place  on  record 
any  information  in  regard  to  them,  so  that  they  may  be  com- 
pared with  extinct  allies  of  the  horse. 

The  cases  of  *extra  digits  in  the  horse,  so  far  as  at  present 
known,  show  that  these  appendages  make  their  appearance 
more  frequently  on  the  fore  feet  than  on  the  hind  feet  This 
is  precisely  what  a  study  of  the  fossil  forms  of  equine  mammals 
would  lead  us  to  anticipate. 

Another  noticeable  peculiarity  of  these  extra  digits,  is  their 
more  frequent  occurrence  on  the  inside  of  the  main  digit,  while 
the  outer  splint  remains  rudimentary.  This,  it  must  be  con- 
fessed, is  directly  opposed  to  the  general  law  of  reduction  in 
the  ungulate  foot,  which,  briefly  stated,  is,  that  of  the  five 
original  digits,  the  first  or  inner  one,  first  disappears ;  next  the 
fifth,  or  outer  one ;  then,  the  second ;  and  last  of  all  the  fourth. 
The  third  always  remains,  as  in  the  horse.  It  would,  therefore, 
be  naturally  expected,  that  when  only  one  additional  digit  was 
present,  it  would  be  on  the  outside  of  the  fore  foot 

The  tendency  to  interference  would  seem  to  be  another  reason 
ajgainst  the  retention  of  the  inner  digit  Possibly  the  addi- 
tional protection  which  an  inside  hooflet  would  receive,  might 
more  than  counterbalance  this  influence.  Again,  the  above 
law  is  not  known  to  apply  to  the  perissodactyle  foot,  beyond 
the  first  and  fifth  digits,  and  if  the  second  digit  was  originally 
of  greater  use  than  the  fourth,  and  hence  was  longer  retained, 
an  ancestor  of  the  horse  may  yet  be  found  with  the  second 
and  third  toes  alone  developed. 

In  considering  these  double  hoofs  of  the  horse,  and  with 
them  the  well  Known  cleft  in  the  coffin  bone  of  recent  and 
extinct  equines,  it  is  important  to  understand  that  in  no  case 
do  they  indicate  any  approach  to  the  true  artiodactyle  type, 
as  some  authors  have  supposed.  The  difference  between  the 
perissodactyle,  or  "odd-toed,"  and  artiodactyle,  or  "even-toed," 
structure  is  a  profound  one,  extending  to  nearly  every  part  of 
the  skeleton,  and  marking  two  distinct  groups  of  Ungulates. 
The  number  of  toes  has  really  nothing  to  do  with  the  true  dis- 
tinction, and  hence  the  terms  in  use  are  especially  misleading. 
The  real  difierence,  so  far  as  the  feet  are  concerned,  is,  that  in 
the  perissodactyle  type  the  axis  of  the  limb  passes  through  the 
middle  of  the  third  diffit  {Mesaxonia\  while  in  artiodactyles  it 
is  outside  of  this  digit  (Paroaronia),  between  it  and  the  fourth. 

If,  now,  we  turn  back  to  the  early  ancestors  of  the  horse 
for  an  explanation  of  the  supplementary  digits  which  so  often 
make  their  appearance,  we  shall  not  look  in  vain,  especially  in 
this  country.    America  is  the  original  home  of  the  norse,  and 
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during  the  whole  of  Tertiary  time,  this  continent  was  occupied 
with  equine  mammals,  of  many  and  various  forma  Although 
all  these  became  extinct  before  the  discovery  of  this  country, 
their  abundant  remains  mark  out  the  genealogy  of  the  horse  in 
an  almost  unbroken  succession  of  forms.  * 

If  we  examine  the  remains  of  the  oldest  representatives  of 
the  horse  in  this  country,  we  shall  find  that  these  animals  were 
all  polydactyle,  and  of  small  size.  As  the  line  was  continued 
towards  the  present  era,  there  was  a  gradual  increase  in  size, 
and  a  diminution  in  the  number  of  toes,  until  the  present  type 
of  horse  was  produced.  In  view  of  the  facts  mentioned  in  tne 
preceding  pages,  it  will  be  profitable  to  trace  the  main  line  of 
descent  in  this  group,  from  its  first  appearance  to  the  present 
period,  and  note  especially  the  changes  in  the  number  ot  digits. 
jB^or  this  purpose  the  dia^m  on  page  605  will  be  instructive, 
as  it  records  the  principtd  stages  in  the  series,  both  of  the  limbs 
and  the  teeth  as  well  This  diagram  was  prepared  by  the 
writer  for  Professor  Huxlev,  who  used  it  first  m  his  New  York 
lectures.     The  specimens  fij^ured  are  all  in  the  Yale  Museum. 

The  original  ancestor  of  tne  horse,  not  as  yet  discovered,  un- 
doubtedly had  five  toes  on  each  foot  The  oldest  member  of 
the  group  now  known  is  the  Eohippus^  which  had  four  well 
developea  toes  and  the  rudiment  of  another  on  each  fore  foot, 
and  three  toes  behind.  This  animal  was  about  as  large  as  a 
fox,  and  its  remains  are  from  the  Ooryphodon  beds,  near  the 
base  of  the  Eocene.  It  is  not  represented  on  page  605,  as  it 
was  found  since  the  diagram  was  made.  In  the  next  higher 
division  of  the  Eocene,  another  equine  genus,  Orohippua^  makes 
its  appearance.  It  resembled  its  predecessor  in  size,  but  had 
only  four  toes  in  front  and  three  benind,  as  shown  in  the  lowest 
series  of  the  diagram.  At  the  top  of  the  Eocene,  a  third  allied 
genus  has  been  found  (Epih%ppu8\  which  closely  resembled 
Orohippus  in  its  digits,  but  diflFered  in  its  teeth. 

Near  the  base  of  the  next  formation,  the  Miocene,  another 
equine  mammal,  Mesohippus,  occurs.  This  animal  was  about 
as  large  as  a  sheep,  and  had  three  usable  toes  and  the  splint  of 
another,  on  each  fore  foot,  with  but  three  toes  behind,  as  shown 
in  the  diagrauL  At  a  somewhat  higher  horizon,  a  nearly  allied 
genus,  Miohippics,  has  been  found,  which  has  the  splint  bone 
of  the  outer  or  fifth  digit  reduced  to  a  short  remnant  In  the 
Pliocene  above,  a  three  toed  horse  {Protohippus)  about  as  larffe 
as  a  donkev  was  abundant,  and  still  higher  up  a  near  ally 
of  the  modern  horse,  with  only  a  single  toe  on  each  foot, 
{PUohipptis)  makes  his  appearance.  A  true  Ilgutis,  as  large  as 
the  existing  horse,  appeairs  just  above  this  horizon,  and  the 
series  is  complete. 

Yale  CoUege,  New  Haven,  Maj  16tb,  18ta 
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Plate  III. 


Figure  1.—- Cervical  vertebra  of  Apatosaurus  laticoUis  Marsh ;  back  view. 

Figure  2. — The  same ;  side  view.     Both  one-sixteenth  natural  size. 

Figure  3. — Fourth  cervical  vertebra  of  Marosaurus  grandis  Marsh ;  side  view, 

one-eighth  natural  size. 
Figure  4. — The  same ;  back  view. 
The  signification  of  the  letters  is  the  same  in  all  the  figures,  viz :  b.  ball ; 

c.  cup ;  d.  diapophysis ;  p.  parapophysis ;   h.  hatchet  bone ;  /.  foramen  in 

centrum;  /'.    lateral   foramen;    z.    anterior   zygapophysis ;    z\  posterior 

zygapophysis. 
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AM.  JOUR.  SCI.,  Vol.  XVII,  1879. 


Plate  IV. 


Left  scapula  and  coracoid  of  ApaXoaawnus  ajax  Marsh ;  one-fourteenth  natural 
size.  a.  scapular  face  of  glenoid  cavity ;  h.  rugose  surface  for  union  with 
coracoid ;  a'  coracoidean  part  of  glenoid  cavity ;  /.  foramen  in  coracoid. 
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Plate  V. 


Figure  1. — Pelvic  arch  of  Morosaurus  grandis  Marsh;  seen  from  in  front. 
One-sixteenth  natural  size. 

Figure  2. — Sacrum  of  Morosaurus  grandis;  seen  from  below.  One-tenth 
natural  size. 

a.  first  sacral  vertebra;  h.  transverse  process  of  first  sacral  vertebra; 
c.  transverse  process  of  second  vertebra ;  d.  transverse  process  of  third 
vertebra ;  e.  transverse  process  of  last  sacral  vertebra :  /  foramen  between 
processes  of  first  and  second  vertebra;  /'.  foramen  between  second  and 
third  proces.«es ;  /'.  foramen  between  third  and  last  process ;  g.  surface 
for  union  with  right  ilium ;  g\  same  for  left  ilium ;  p.  fourth,  or  last,  sacral 
vertebra:  nc.  neural  canal;  iL  ilium;  is.  ischium;  ph.  pubis. 
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Plate  VI. 


Figure  1. — Sacrum  of  Apaiosaurus  ajax  Marsh ;  seen  from  below. 

Figure  2. — Sacrum  ot  Atlantosaurtis montanus  Marsh;  seen  from  below;  both 

one-tenth  natural  size, 
a.  first  sacral  vertebra ;  ft.  transverse  process  of  first  vertebra ;  c.  transverse 

processes  of  second  vertebra;   d.  transverse  process  of  third  vertebra; 

/.  foramen  between  first  and  second   transverse  processes;  f\  foramen 

between  second  and  third  processes ;  p.  last  sacral  vertebra ;  g.  surface 

for  union  with  ilium. 
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Plate  VII. 


V... 


Figure  1. — Pelvis  of  Morosaurus  grandis  Marsh ;  seen  from  the  left,  one-sixteenth 
natural  size. 

Figure  2. — Pelvis  of  Atlantosaurus  immanis  Marsh ;  seen  from  the  left,  one- 
twentietli  natural  size.  The  signification  of  the  letters  is  the  same  in  both 
figures,  viz :  a.  acetabulum ;  /.  foramen  in  pubis ;  il.  ilium ;  is.  ischium ;  p. 
pubis;  p\  post-pubis.  In  these  and  the  following  diagrams  of  Dinosaurian 
pelves,  the  three  bones  of  each  are  represented  nearly  in  the  same  plane. 
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Plate  VIM. 
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Fig^ure  1. — Pelvis  of  Laosaurus  alius  Marsh;  seen  from  the  left,  one-sixth 
natural  size. 

figure  2. — Pelvis  of  AUosaums  fragilis  Marsh ;  seen  from  the  left,  one- 
twelfth  natural  size.  The  outline  of  the  ilium  is  taken  from  Greoaaurua 
atrox  Marsh. 

The  signification  of  the  letters  is  the  same  in  both  figures,  viz:  a.  acetabu- 
lum ;  il  ilium ;  is.  ischium ;  p.  pubis ;  p'.  post-pubis ;  /.  articular  facet  on 
front  of  pubic  process  of  ilium. 
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Plate  IX. 


Figure  1. — Pelvis  of  Geococcyx  Caiifomianus  Baird;  seen  from  the  left,  natu- 
ral size. 

Figure  2. — Pelvis  of  Emeu,  Dromaius  noi:(B  hollandice  Lath ;  one-fifth  natural 
size. 

Figure  3. — Pelvis  of  Apteryx  australis  Owen ;  three-fourths  natural  size. 
a.  acetabulum;  il.  ilium;  is.  ischium;  p.  pubis;  p^.  post-pubis. 
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Plate  X. 


Figure  1. — Left  ilium  of  Creosaurus  atrox  Marsh ;  seen  from  the  left. 

Figure  2. — The  same ;  seen  from  below.     Both  one-tenth  natural  size. 

a.  anterior,  or  pubic,  articulation ;   h.  posterior,  or  ischiadic,  articulation ; 

/.  articular  facet  on  front  of  pubic  process. 
Figure  3. —Lumbar  vertebra  of  AUosaurus  fragilis  Xfarsh;  front  view. 
Figure  4. — The  same ;  side  view,  from  the  left.     Both  one-sixth  natural  size. 

a.  anterior  articular  face;  p.   posterior  articular  face;  s.  neural  spine; 

cL  diapophysis ;  z.  anterior  zygapophysis ;  z\  posterior  zygapophysis. 
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Art.  L — Oontrtbutions  to  Meteorology^  being  results  derived  from 
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of  Natural  Philosophy  in  Yale  College.  Eleventh  paper. 
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[Read  before  the  National  Academy  of  Sdences,  Washington,  April  16,  18*79.] 

The  Winds  on  Mt  Washington  compared  with  the  winds  near  the 
level  of  the  sea. 

In  my  last  Article  I  gave  some  reasons  for  believing  that 
areas  of  low  pressure  sometimes  result  from  a  circulation  of  the 
surface  winds  which  does  not  extend  to  the  heiffht  of  6,000 
feet  In  order  to  investigate  this  subject  more  fully,  I  selected 
from  the  published  volumes  of  the  Signal  Service  observations 
all  those  cases  in  which  the  direction  of  the  wind  on  Mt  Wash- 
ington differed  at  least  90°  from  that  at  each  of  the  stations, 
Burlington,  Boston,  and  Portland,  Ma  The  number  of  these 
cases  was  507.  Three-fifths  of  these  cases  occurred  when  the 
wind  on  Mt  Washington  was  from  the  west  or  northwest,  and 
more  than  four-fifths  of  them  occurred  when  the  wind  on  Mt 
Washington  was  from  one  of  the  points  N.,  N. W.,  W.  or  S.  W. ; 
and  at  the  same  time  the  wind  at  the  neighboring  surface  sta- 
tions was  generally  from  one  of  the  points  S.,  S.E.,  E.  or  N.K 
As  this  Table,  if  accompanied  with  the  details  necessary  to 
render  it  intelligible,  is  too  large  for  publication,  I  have  adopted 
a  diflferent  standard  of  selection,  and  have  taken  all  those  cases 
in  which  the  barometer  at  Portland,  Ma,  fell  as  low  as  29*6 
inches.  This  list  has  already  been  given  in  my  tenth  paper, 
page  9,  except  that  I  have  added  the  cases  found  in  the  volumes 
of  observations  since  published  for  January,  February  and 
Am.  Joub.  Sol— Third  Sbriss,  Vol.  XVIII,  No.  103.— July,  18T9. 
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Tablb  L —  Winds  on  Mt.  Washington  compared  with  the  surfa^^  winds. 


1872. 

1 

Oct 

12.2  S.W.  6 

12.3  W.  30 

13.1  aw.  27 

13.2  N.W.30 

13.3  N.   59 

14.1  aw.  22 

S.    4 

S.    6 

a   9 

aE.  12 

N.E.  8 

♦N.   4 

2 

25.3  N.W.15 

26.1  S.E.  24 

26.2  aw.  29 

26.3  aw.  18 

27.1  N.E.  4 

27.2  N.R  29 

E.    2 

N.E.  6 

N.E.  5 

N.E.  7 

♦N.   8 

N.   8 

3 

Nov. 

6.1  N.W.20 

6.2  N.W.28 

6.3  N.W.30 

7.1  aE.  4 

7.2  aw.  38 

7.3N.W.65 

S.    3 

S.    9 

a   8 

aE.  3 

♦W.   9 

W.   8 

4 

11.1  calm. 

11.2  W.  13 

11.3  aE.  50 

12.1  aw.  28 

12.2  aw.  65 

12.3  N.   60 

S.    2 

S.   10 

a   7 

a   8 

a   8 

♦N.   14 

5 

13.2  N.W.  5 

13.3  S.   15 

14.1  W.  55 

142  a   30 

14.3  W.  32 

16.1  W.  38 

N.   4 

aE.  4 

aE.  5 

aE.  6 

*W.   4 

W.  10 

6 

28.3  S.W.  22 

29.1  N.E.  22 

29.2  aw.  35 

29.3  aw.  22 

30.1  N.E.  45 

30.2  aw.  27 

S.    4 

aE.  9 

N.W.  9 

W.  10 

♦W.  13 

aw.  14 

n 

Dec. 

1.3  W.  32 

2.1  aE.  25 

2.2  W.  35 

2.3  a   42 

3.1  aE.  51 

3.2  aE,  60 

a   5 

S.    4 

a   4 

aw.  5 

♦W.  13 

W.   9 

3.3S.B.  42 

4.1  W.  58 

9.3  aE.  16 

10.1  W.  69 

W.   7 

W.   9 

N.W.15 

N.W.16 

8 

7.3  W.   8 

8.1  aE.  49 

8.2  aE.  54 

8.3  N.W.22 

9.1  calm. 

9.2  aw.  10 

S.    7 

S.    9 

a   8 

a   5 

a   2 

♦N.W.IO 

9 

26.1  N.W.16 

26.2  N.E.  2 

26.3  a    5 

27.1  calm. 

27.2  N.W.24 

27.3  aw.  41 

1873. 

N.E.  5 

N.E.  10 

N.   8 

N.W.  5 

*N.W.  7 

N.W.IO 

10 

Jan. 

2.2  S.W.  38 

2.3  a   36 

3.1  aw.  48 

3.2  W.  36 

3.3  W.  42 

4.1  aw.  66 

N.E.  3 

N.E.  5 

a   5 

aw.  6 

♦W.   4 

W.   8 

11 

4.3  W.  50 

5.1  W.  36 

6.2  a   64 

5.3  a   60 

6.1  W.  32 

6.2  W.  60 

W.   5 

N.E.  2 

N.E.  13 

*N.B.  4 

W.  12 

W.   9 

12 

20.3  S.W.  54 

21.1  W.  16 

21.2  aw.  28 

21.3  S.W.  34 

22.1  aw.  26 

22.2  N.W.40 

S.    5 

a   1 

a   6 

N.E.  4 

♦N.W.  4 

N.W.  7 

13 

26.2  W.  10 

26.3  N.W.28 

27.1  N.   10 

27.2  aw.  6 

27.3  aw.  16 

28.1  W.  28 

W.   3 

E.    2 

E.    1 

N.E.  7 

♦N.   7 

aw.  6 

U 

Feb. 

3.1  W.  44 

3.2  aw.  40 

3.3  W.  32 

4.1  aw.  46 

4.2  W.  44 

4.3  W.  64 

S.W.  11 

aw.  6 

a   6 

a   7 

♦S.W.  6 

N.W.  6 

15 

6.3  W.  44 

7.1  W.  14 

7.2  a   30 

7.3  a   34 

8.1  aw.  18 

8.2  aw.  50 

S.W.  4 

N.   2 

N.E.  5 

N.B.  10 

♦W.   8 

W.   6 

16 

21.1  W.  40 

21.2  a   38 

21.3  a   12 

22.1  S.B.  26 

22.2  aE.  36 

22.3  W.  62 

N.E.  3 

E.   12 

*N.E.  12 

W.  12 

N.W.12 

N.W.  9 

\*l 

March. 

2.3  W.  12 

3.1  W.  37 

3.2  N.E.  30 

3.3  N.E.  42 

4.1  aE.  48 

42  N.W.36 

N.W.  3 

N.   8 

*N.E.  13 

N.   15 

N.   9 

N.W.  7 

18 

7.2  W.  36 

7.3  W.  60 

8.1  W.  16 

8.2  a   46 

8.3  N.W.126 

9.1  N.W.89 

S.    6 

a   8 

a   9 

a   8 

*W.   8 

W.  12 

19 

15.1  W.   12 

15.2  aw.  17 

15.3  a   38 

16.1  a   38 

16.2  aw.  52 

16.3  W.  28 

S.    5 

a   8 

aE.  8 

*S.    8 

W.  13 

N.W.18 

20 

20.1  N.W.  5 

20.2  aE.  2 

20.3  aE.  84 

21.1  aE.  50 

21.2  W.  12 

21.3  W.  29 

E.    6 

E.    7 

N.E.  14 

♦W.  10 

W.  10 

W.  11 

21 

22.2  W.  32 

22.3  W.  41 

23.1  N.W.38 

23.2  W.  — 

23.3  N.W.43 

241  W.  48 

W.   5 

W.   7 

aw.  4 

S.    8 

*W.   9 

N.W.  9 

22 

25.2  S.W.  24 

25.3  aw.  40 

26.1  aw.  23 

26.2  a   54 

26.3  W.  35 

27.1  N.W.60 

N.E.  4 

N.E.  5 

N.E.  10 

N.E.  9 

♦N.   8 

N.W.12 

23 

28.3  W.  76 

29.1  aw.  34 

29.2  aw.  17 

29.3  aw.  50 

30.1  W.  18 

30.2  W.  44 

S.    8 

a   5 

aE.  12 

a   13 

♦N.   7 

W.  17 

24 

30.3  N.W.24 

31.1  N.W.42 

31.2  a   24 

31.3  a   82 

32.1  a   20 

32.2  N.W.14 

S.W.  2 

a   4 

*N.   9 

W.   9 

W.   4 

W.   4 

26 

April. 

11.3N.W.10 

12.1  a   36 

12.2  N.E.  70 

12.3  B.   96 

13.1  N.E.  58 

13.2  N.W.46 

N.E.  3 

N.E.  7 

N.E.  10 

N.E.  11 

N.E.  11 

N.   10 

26 

18.1  N.   60 

18.2  aE.  20 

18.3  aE.  6 

19.1  calm. 

19.2  W.  36 

19.3  W.  24 

N.E  .10 

N.B.  8 

N.E.  4 

N.   5 

*N.   5 

N.   1 

27 

24.3  N.   5 

25.1  W.  12 

25.2  aE.  5 

25.3  aE.  5 

26.1  aE.  10 

26.2  W.  46 

W.   7 

W.   6 

W.   6 

W.   4 

♦N.W.  7 

N.W.IO 

28 

May. 

12.1  N.   22 

12.2  N.W.40 

12.3  N.W.56 

13.1  W.  44 

13.2N.W.51 

13.3  N.W.48 

N.W.  4 

N.W.  6 

a   5 

a   7 

♦W.   8 

W.   6 

29 

23.1  W.  24 

23.2  W.  13 

23.3  W.  60 

24.1  W.  40 

24.2  W.  60 

243  W.  72 

S.    4 

a   9 

a   9 

a   7 

♦W.   7 

N.W.  6 
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Winds  on  Mt 

.  Washington  compared  with  the  surface  winds. 

30 

1873. 
June. 

3.1  N.W.  6 

3.2  W.  14 

3.3  W.  10 

4.1  N.W.24 

4.2  W.  36 

4.3  N.W.30 

N.E.  8 

B.    6 

a   7 

a   7 

S.    8 

♦N.   5 

31 

18.3  N.W.48 

19.1N.W.24 

19.2  W.  30 

19.3  W.  41 

20.1  N.W.26 

20.2  N.W.36 

S.W.  7 

aw.  4 

aw.  5 

a   7 

♦W.   6 

N.W.12 

32 

Sept 

0.1  W.  40 

0.2  N.W.30 

0.3  N.W.IO 

1.1  aw.  20 

1.2  S.W.  60 

1.3  N.W.60 

aw.  5 

W.   2 

N.E.  3 

a   7 

♦W.  10 

W.  12 

33 

Oct. 

6.1  N.W.36 

6.2  aw.  8 

6.3  aw.  18 

7.1  N.E  12 

7.2  N.E.  20 

7.3  N.   30 

S.£.  3 

N.E.  7 

N.   10 

♦N.   11 

N.   7 

N.   6 

34 

10.3  a   20 

11.1  a   20 

11.2  aE.  18 

11.3  aE.  20 

12.1  aw.  10 

12.2  W.  20 

S.    3 

a   4 

a   6 

a   4 

W.   3 

♦W.   8 

35 

26.1  N.W.20 

26.2  N.W.  8 

26.3  N.W.46 

27.1  aw.  66 

27.2  N.W.35 

27.3  N.W.45 

S.W.  3 

a   7 

a   12 

a  16 

*W.  12 

N.W.  8 

36 

Nov. 

6.3  N.W.38 

7.1  N.W.38 

7.2  aw.  12 

7.3  calm. 

8.1  aB.  30 

8.2  N.W.28 

E.    5 

a   4 

aE.  9 

S.E.  6 

N.E.  9 

♦W.   6 

37 

11.2  N.W.34 

11.3  N.W.IO 

12.1  aE.  46 

12.2  W.  22 

12-3  N.W.28 

13.1  W.  30 

S.    4 

a   3 

aE.  12 

W.   6 

♦W.   6 

N.W,  12 

38 

15.3  N.W.  6 

16.1  N.W.30 

16.2  aB.  34 

16.3  aB.  10 

17.1  aE.  6 

17.2  aE.  22 

E.    3 

N.E.  4 

N.E.  7 

N.E.  7 

N.E.  7 

N.E.  10 

17.3  aE.  66 

18.1  E.   48 

18.2  aB.  6 

18.3  N.W.49 

N.E.  14 

N.W.17 

♦N.W.12 

N.W.  7 

39 

Dec. 

2.3  S.W.  40 

3.1  aw.  42 

3.2  W.  62 

3.3  aw.  47 

4.1  aw.  65 

4.2  W.  80 

S.   10 

a   6 

a   12 

a   11 

a   16 

♦W.  12 

40 

12.2N.W.28 

12.3  N.W.23 

13.1  calm. 

13.2  aB.  23 

13.3  calm. 

14.1  N.W.66 

W.   3 

N.   4 

N.E.  7 

N.E.  11 

♦N.   11 

N.W.  8 

41 

25.2  N.W.28 

26.3  N.W.  3 

26.1  N.W.22 

26.2  E.   24 

26.3  calm. 

27.1  N.W.28 

N.    5 

N.K.  3 

N.E.  6 

N.E.  8 

♦N.   9 

N.   7 

42 

27.1  N.W.28 

27.2  N.   10 

27.3  aE.  24 

28.1  N.E.  28 

28.2  N.W.96 

28.3  N.W.86 

1874. 

N.   7 

N.E.  6 

N.E.  11 

♦N.W.17 

N.W.12 

N.W.  6 

43 

Jan. 

7.2  S.W.  54 

7.3  aw.  46 

8.1S.E.  62 

8.2  aw.  46 

8.3  aw.  45 

9.1  N.W.35 

N.   4 

N.E.  1 

a   13 

•S.   16 

aw.  10 

aw.  6 

44 

9.1  N.W.35 

9.2  N.W.16 

9.3  N.W.26 

10.1  aw.  46 

10.2  W.  30 

10.3  W.  16 

S.W.  6 

a   5 

a   2 

a   7 

•S.W.  6 

aw.  3 

46 

13.2  N.W.IO 

13.3  a   16 

14.1  aE.  34 

14.2  N.W.IO 

14.3  N.W.48 

16.1  N.W.42 

N.   3 

B.    4 

N.   16 

N.   13 

N.W.  7 

N.W.  5 

46 

21.3  N.W.64 

22.1  aw.  68 

22.2  W.  60 

22.3  aw.  52 

23.1  W.  37 

23.2  W.  80 

S.    4 

a   8 

S.    6 

a   12 

a   12 

♦aw.  13 

47 

26.3  N.W.68 

27.1  N.W.36 

27.2  N.W.32 

27.3  W.  10 

28.1  N.W.25 

28.2  aw.  60 

N.   1 

a   8 

a   7 

a   8 

a   3 

*N.W.  9 

48 

Feb. 

9.2  N.W.  8 

9.3  aw.  4 

10.1  N.W.  2 

10.2  N.W.46 

10.3  N.W.82 

11.1  N.W.90 

calm. 

calm. 

N.W.  5 

N.W.U 

♦N.W.12 

N.W.  7 

49 

12.2  N.W.36 

12.3  aw.  20 

13.1  aw.  44 

13.2  aw.  48 

13.3  aw.  68 

141 W.  72 

E.    6 

a   8 

a  11 

a   14 

a   14 

♦W.  12 

50 

16.1  N.W.19 

16.2  a   32 

15.3  a   40 

16.1  aw.  18 

16.2  N.W.56 

16.3  N.W.72 

N.   5 

a  10 

a  12 

a  12 

aw.  12 

*W.  16 

51 

March. 

2.3  N.W.66 

3.1  N.W.38 

3.2  aw.  60 

3.3  aw.  96 

4.1  aw.  74 

4.2  N.W.62 

S.   11 

S.    8 

a  11 

a   9 

a  13 

♦N.W.14 

52 

8.1  N.W.64 

8.2  N.W.50 

8.3  N.W.68 

9.1  N.W.60 

9.2  N.W.20 

9.3  N.   23 

S.    6 

W.  10 

W.  11 

W.  15 

♦N.W.16 

N.W.13 

53 

18.1  W.  60 

18.2  W.  36 

18.3  W.  14 

19.1  W.  10 

19.2  W.  44 

19.3  W.  77 

&    9 

a   6 

a   2 

a   2 

a   12 

♦W.  11 

54 

21.2  N.W.38 

21.3  N.W.37 

22.1N.W.40 

22.2  N.W.47 

22.3  N.W.20 

23.1  N.W.74 

S.W.  14 

aw.  9 

W.   8 

N.W.I  3 

*a   7 

N.W.  18 

55 

25.2  N.W.64 

26.3N.W.78 

26.1  N.W.48 

26.2  N.W.34 

26.3  N.W.69 

27.1  N.W.67 

S.W.  23 

aw.  19 

a   8 

N.   8 

♦W.  13 

N.W.U 

56 

April. 

1.2N.W.13 

1.3  W.  19 

2.1  N.W.16 

2.2  aw.  6 

2.3  W.  24 

3.1  W.  24 

a   8 

aE.  5 

a   4 

a  12 

a   10 

♦W.   8 

67 

14.1  N.W.56 

14.2  W.  36 

14.3  W.  47 

16.1  N.W.56 

16.2  aw.  62 

15.3N.W.40 

a   9 

a   13 

a   13 

S.    8 

♦a   8 

W.  13 

58 

19.3N.W.72 

20.1  R    6 

20.2  a   60 

20.3  S.   36 

21.1N.W.67 

21.2  N.W.68 

N.   7 

N.E.  11 

E.    9 

N.E.  14 

♦aw.  5 

N.W.U 

69 

24.3  N.W.23 

25.1  calm. 

26.2  E.   16 

25.3  E.   68 

26.1  B.   90 

26.2  N.   60 

calm. 

E.    6 

B.    9 

E.   13 

♦N.E.  18 

N.   21 

60 

28.1  N.W.86 

28.2  aB.  2 

28.3  a    5 

29.1  B.   36 

29.2  E.   18 

29.3  N.W.12 

N.W.U 

N.   5 

calm. 

N.   11 

N.   17 

N.   18 
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Winds  on  Mt 

Washingt 

on  compared  with  the  surface  winds. 

1874. 

61 

May. 

4.2  N.W.28 

4.3  N.W.48 

5.1  N.   19 

5.2  N.W.24 

6.3  N.W.36 

6.1  N.W.20 

W.   7 

N.W.  6 

N.B.  7 

♦N.E.  8 

N.W.  5 

N.   8 

62 

24.2  N.W.18 

24.3  W.  10 

25.1  aw.  56 

25.2  a   88 

26.3  W.  66 

26.1  W.  42 

a   6 

a   3 

aB.  13 

aB.  13 

•S.W.  11 

aw.  10 

63 

30.1  N.W.32 

30.2  N.W.30 

30.3  W.  36 

31.1  N.W.38 

31.2  N.W.60 

31.3  N.W.40 

B.    6 

aE.  7 

a   5 

S.    9 

•S.W.  20 

N.   8 

64 

June. 

6.2  N.W.20 

6.3  N.W.24 

7.1  N.W.20 

7.2  W.  36 

7.3  W.  68 

8.1  W.  90 

E.    6 

aK.  3 

as.  5 

aE.  8 

a   7 

♦W.   8 

65 

16.1  W.  20 

16.2  a   36 

16.3  a   60 

17.1  N.W.36 

17.2  a   20 

17.3  W.  24 

S.    3 

a   12 

S.   14 

a   11 

aw.  7 

♦W.   5 

66 

22.1  N.   28 

22.2  N.   44 

22.3  N.W.42 

23.1  N.W.60 

23.2  N.W.34 

23.3  N.W.52 

S.    8 

S.    8 

aw.  8 

a  10 

♦aw.  9 

N.W.12 

67 

27.2  W.  18 

27.3  W.  23 

28.1  N.W.25 

28.2  N.   36 

28.3  W.  64 

29.1  N.W.24 

S.    9 

a   11 

S.    7 

♦a  10 

aw.  11 

aw.  7 

68 

Aug. 

0.1  N.W.16 

0.2  aw.  50 

0.3  N.W.52 

1.1  N.W.60 

1.2  N.W.75 

1.3  N.W.70 

S.    6 

a  14 

aw.  11 

aw.  10 

*W.   9 

N.W.  5 

69 

Sept 

29.1  W.  16 

29.2  aB.  10 

29.3  E.   54 

30.1  N.W.30 

30.2  N.W.84 

30.3  N.W.64 

W.   6 

N.B.  11 

N.B.  8 

♦N.W.14 

N.W.13 

W.  12 

70 

Oct 

1.1  N.W.20 

1.2  N.W.36 

1.3.N.W.40 

2.1  aw.  38 

2.2  N.W.25 

2.3  N.W.56 

W.  11 

W.  13 

S.    8 

a  13 

•aw.  10 

W.  11 

71 

9.2  N.W.65 

9.3  N.W.55 

10.1  aw.  30 

10.2  a   35 

10.3  W.  40 

11.1  N.W.54 

S.W.  8 

a   5 

a  10 

a  11 

♦S.W.  12 

W.  11 

72 

16.3  N.   40 

17.1  W.  30 

17.2  W.  28 

17.3  N.W.18 

18.1  N.   24 

18.2  N.   34 

aw.  6 

aw.  6 

aw.  10 

aw.  7 

♦N.W.  6 

N.W.12 

73 

Nov. 

9.3  N.   56 

10.1  N.   74 

10.2  N.   70 

10.3  W.  46 

11.1  N.   78 

11.2  N.   70 

aw.  7 

W.   9 

W.   4 

a   6 

*W.   5 

N.W.19 

74 

19.2  N.   60 

19.3  N.   34 

20.1  a   24 

20.2  a   60 

20.3  a   40 

21.1  N.W.30 

W.   6 

a   4 

a   5 

S.    7 

♦a   6 

N.W.  8 

75 

22.2  N.   8 

22.3  N.W.18 

23.1  S.E.  54 

23.2  aE.  35 

23.3  N.W.32 

24.1  N.   48 

N.   3 

aB.  5 

aE.  12 

aw.  11 

♦W.   8 

W.  13 

76 

28.1  N.W.50 

28.2  aw.  36 

28.3  a   70 

29.1  aw.  60 

29.2  N.   84 

29.3  N.W.88 

aw.  5 

N.B.  3 

a   7 

N.W.13 

♦W.   6 

W.  11 

77 

Dea 

16.1  N.   25 

16.2  N.W.38 

16.3  N.W.  8 

17.1  N.W.54 

17.2  N.W.36 

17.3  N.W.60 

oahn. 

aB.  4 

aB.  4 

aB.  7 

W.   7 

♦N.W.16 

78 

22.2  W.  40 

22.3  W.  40 

23.1  N.  40 

23.2  N.W.48 

23.3  N.W.24 

24.1  W.  40 

1875. 

S.   10 

a   7 

a   5 

aw.  5 

a   8 

aw.  7 

79 

Jan. 

1.1  N.W.80 

1.2  N.W.45 

1.3  N.W.48 

2.1  N.W.14 

2.2  aw.  30 

2.3  N.W.90 

1877. 

W.   9 

a   5 

a   6 

a   6 

♦W.  10 

N.W.20 

80 

Jan. 

l.l  N.W.50 

1.2  N.W.28 

1.3  calm. 

2.1  N.   17 

2.2  N.   56 

2.3  N.   70 

W.   7 

N.W.  2 

N.B.  8 

♦N.   16 

N.W.19 

N.W.IO 

81 

6.1  N.W.48 

6.2  N.W.42 

6.3  N.W.40 

7.1  N.E.  60 

7.2N.W.96 

7.3  N.W.60 

a   3 

S.    8 

N.B.  3 

N.E.  12 

*W.  15 

W.   9 

82 

7.3  N.W.60 

8.1  N.W.60 

8.2  N.W.48 

8.3  N.W.54 

9.1  N.W.96 

9.2  N.W.60 

W.   9 

a   8 

a   15 

♦W.  19 

N.W.  9 

N.W.  6 

83 

19.1  N.W.46 

19.2  N.W.46 

19.3N.W.62 

20.1  W.  48 

20.2  N.W.86 

20.3  N.W.96 

calm. 

a   3 

a   6 

a   16 

♦W.  24 

W.  14 

U 

Feb. 

15.3  N.W.50 

16.1  N.W.24 

16.2  W.  36 

16.3  W.  24 

17.1  N.   24 

17.2  N.W.60 

a   9 

aw.  6 

aw.  8 

W.   7 

W.  14 

N.W.17 

17.3  N.W.72 

18.1  H.f .  108 

25.1  N.E.  24 

25.2  N.   24 

W.  13 

♦W.  21 

♦N.   11 

N.   12 

85 

23.1  N.W.  6 

23.2  N.B.  12 

23.3  N.E.  30 

24.1  N.E.  54 

24.2  N.B.  36 

24.3  N.E.  60 

N.B.  5 

N.B.  4 

N.B.  7 

N.B.  16 

N.B.  17 

N.E.  18 

86 

Maroh. 

1.2  N.W.60 

1.3  N.W.  6 

2.1  S.W.  38 

2.2  a   60 

2.3  aw.  48 

3.1  N.W.84 

W.   7 

a   5 

aE.  11 

a   13 

*a   15 

W.  12 

87 

7.3N.W.66 

8.1  W.  42 

8.2  W.  54 

8.3  W.  72 

9.1  W.  66 

9.2  W.  64 

N.   3 

8.    7 

a   7 

a   13 

aB.  27 

♦W.  31 

88 

12.2  N.W.72 

12.3  calm. 

13.1  N.B.  6 

13.2  N.B.  6 

13.3  N.B.  4 

14.1  a   12 

a   6 

calm. 

N.E.  12 

N.B.  8 

calm. 

N.B.  8 

14.2  a   60 

14.3  W.  40 

15.1  N.W.18 

16.2  N.W.72 

aB.  12 

S.   10 

N.W.I  0 

♦W.  18 

89 

25.2  W.  24 

25.3  aw.  24 

26.1  aE.  72 

26.2  B.   48 

26.3  aB.  78 

27.1  as.  60 

N.B.  13 

B.   10 

N.E.  10 

N.E.  11 

N.B.  10 

N.K  9 

27.2  S.E.  60 

27.3  as.  66 

28.1  as.  54 

28.2  aE.  24 

28.3  N.B.  18 

29.1  N.E.  10 

N.   9 

N.   3 

N.   11 

♦N.   14 

N.W.  9 

N.W.14 
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March,  1877  The  total  number  of  these  cases  is  89,  and  they 
are  shown  in  Table  I,  in  which  two  lines  are  given  for  each 
date ;  the  first  horizontal  line  shows  the  direction  and  force  of 
the  wind  on  Mt  Washington  for  six  observations  near  the  time 
of  barometric  minimum,  and  the  second  line  shows  for  the  same 
dates  the  average  direction  and  force  of  the  wind  at  five  or  six 
of  the  nearest  surface  stations.  These  data  are  designed  to  indi- 
cate the  average  direction  of  the  surface  winds  near  the  base 
of  Mt  Washington  as  accurately  as  it  can  be  derived  from  the 
observations.  For  each  case,  the  date  of  minimum  pressure  at 
the  neighboring  surface  stations  is  indicated  by  an  asterisk. 

It  will  be  noticed  that  for  several  observations  preceding  the 
minimum  pressure,  the  surface  winds  generally  blew  from  one 
of  the  points  S.,  S.E.,  E.  or  N.E. ;  and  that  about  the  time  of 
minimum  pressure  the  wind  changed  to  one  of  the  points  N., 
N.W.,  W.  or  S.W.  For  convenience  I  call  the  semicircle  in- 
cluding the  four  former  directions  the  east  quarter^  and  the 
semicircle  including  the  four  latter  directions  the  v)est  quarter. 
On  the  summit  of  Mt  Washington  we  sometimes  notice  a 
similar  change  of  wind  near  the  time  of  minimum  pressure,  but 
not  invariaWy.  There  are  two  cases  in  which  the  change  of 
wind  from  one  of  the  above  mentioned  quarters  to  the  other 
did  not  occur  in  a  decided  manner  either  at  the  base  or  summit 
of  Mt.  Washington.  These  cases  are  Nos.  48  and  72.  In  each 
of  these  cases  however  there  were  a  few  of  the  surface  stations 
at  which  the  wind  blew  for  a  short  time  from  the  east  quarter. 
In  No.  48  at  9.2  the  wind  at  Boston  was  east,  while  at  Hurling- 
ton  and  Portland  it  was  south,  but  the  velocity  at  all  of  the 
stations  was  so  small  that  I  have  preferred  to  record  it  as  a 
calm.  The  center  of  this  depression  was  on  the  southeast  side 
of  Mt  Washington.  In  No.  72  the  winds  preceding  the  min- 
imum pressure  at  several  stations  blew  from  the  south,  but  the 
prevalent  direction  appeared  to  be  S.W.  This  low  center 
passed  on  the  north  siae  of  Mt  Washington.  These  two  cases 
should  properly  be  deducted  from  the  total  number  of  cases, 
leaving  the  number  of  cases  considered  in  the  subsequent 
comparisons  87. 

There  were  40  cases  in  which  the  change  of  wind  from  the 
west  to  the  east  cj^uarter  was  felt  at  the  base  but  not  at  the  sum- 
mit of  Mt.  Washington,  that  is,  46  per  cent  of  the  whole  number 
of  cases ;  and  there  were  two  cases  in  which  this  change  occurred 
at  the  summit  but  did  not  occur  in  a  decided  manner  at  the 
base.  These  cases  are  Nos.  27  and  60.  In  No.  27  at  25.1  the 
wind  at  Burlington  was  south,  and  at  Portland  was  northeast, 
but  the  prevalent  direction  of  the  surface  winds  in  the  vicinity 
of  Mt  Washington  appeared  to  be  west  It  will  also  be  ob- 
served that  the  wind  at  this  time  on  Mt  Washington  was  very 
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feeble.  In  No.  60  the  wind  at  Boston  at  28.8  blew  from 
east,  and  at  29.1  from  northeast,  but  there  was  no  prevalent  sur- 
face wind  from  the  east  quarter.  The  center  of  this  low  area 
passed  on  the  south  side  of  Mt.  Washington.  We  thus  see  that 
occasionally  when  a  low  center  passes  near  Mt  Washington, 
there  is  no  prevalent  surface  wind  from  the  east  quarter 
although  it  occurs  on  Mt  Washington ;  but  out  of  87  cases 
which  have  been  examined  only  two  cases  of  this  kind  have 
been  found ;  while  in  nearly  half  of  the  whole  number  of  cases 
the  surface  wind  blew  for  a  time  from  the  east  quarter,  but  on 
the  summit  of  Mt  Washington  it  blew  uninterruptedly  from 
the  west  quarter.  In  other  words,  in  about  half  of  the  cases  in 
which  the  barometer  in  New  England  sinks  to  29*6  inches,  the 
usual  change  of  wind  to  the  east  quarter  is  observed  at  the 
surface  stations,  but  this  change  does  not  reach  to  the  summit 
of  Mt  Washington. 

We  have  now  45  cases  in  which  the  change  of  wind  from 
the  west  quarter  to  the  east  occurred  both  at  the  summit  and 
base  of  Mt  Washington.  In  87  of  these  cases  the  change 
occurred  first  at  the  base,  and  in  8  cases  the  change  occurred 
simultaneously  at  the  summit  and  the  base ;  that  is,  at  an  interval 
of  less  than  8  hours;  and  taking  the  average  of  all  the  cases 
we  find  that  the  change  of  wind  at  the  surface  stations  usually 
occurs  eleven  hours  earlier  than  it  does  on  Mt  Washington. 

In  28  cases  the  change  of  the  wind  back  from  the  east  quarter 
to  the  west  quaiter  occurred  simultaneously  on  the  summit  of 
Mt.  Washington  and  at  the  base ;  that  is,  with  an  interval  less 
than  8  hours ;  in  16  cases  the  change  occurred  first  at  the  base, 
and  in  6  cases  the  change  occurred  first  at  the  summit  These 
six  cases  were  Nos.  4,  10,  48,  50,  86  and  88.  In  four  of  these 
cases  the  wind  on  Mt  Washington  blew  from  the  east  quarter  at 
but  a  single  observation,  while  at  the  surface  stations  the  east 
wind  continued  during  a  period  of  from  three  to  five  observa- 
tions, indicating  that  the  influence  of  the  movement  of  the  lower 
stratum  of  the  air  was  sensible  on  Mt  Washington  for  a  few 
hours  only,  and  then  subsided.  No.  88  is  the  only  one  of  these 
cases  in  which  the  wind  on  Mt.  Washington  blew  from  the  east 
quarter  during  more  than  two  observations.  Taking  the  aver- 
age of  all  the  cases  we  find  that  the  change  of  wind  back  from 
the  east  to  the  west  quarter  generally  occurs  at  the  base  of  Mt 
Washington  sooner  than  on  the  summit  by  five  hours. 

If  we  take  the  average  of  the  pressures  at  the  center  of  those 
low  areas  in  which  the  change  of  wind  to  the  east  quarter  did 
not  occur  on  the  summit  of  Mt  Washington,  we  obtain  the 
value  29*47  inches.  If  we  take  the  average  of  the  pressures  at 
the  center  of  those  low  areas  in  which  the  change  of  wind  to 
the  east  quarter  did  occur  on  Mt  Washington  we  obtain  29*27 
inches,  Mniich  seems  to  indicate  that  the  greater  the  depression 
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of  the  barometer,  the  greater  is  the  height  to  which  the  system 
of  circulating  winds  extends.  It  is,  however,  remarkable  that 
in  several  of  those  cases  in  which  the  change  of  wind  to  the 
east  quarter  did  not  occur  on  Mt  Washington  the  depression 
of  the  barometer  was  very  great  During  the  period  of  82 
months  under  examination,  there  were  8  cases  in  which  the 
barometer  fell  below  29  inches:  viz.  Nos.  28,  38,  42,  60,  75, 
81,  88  and  87,  and  in  three  of  these  cases,  viz :  Nos.  28,  88  and 
87,  no  considerable  change  of  wind  occurred  on  Mt.  Washington. 
In  No.  28  the  wind  on  Mt.  Washington  blew  uninterruptedly 
from  the  west  or  southwest  although  the  center  of  the  low  area 

Sissed  south  of  that  station.  In  Nos.  88  and  87  the  wind  on 
t.  Washington  was  strong  from  the  west  or  northwest 
I  have  also  made  a  comparison  of  those  cases  in  which  an 
area  of  low  pressure  has  passed  over  New  England,  when  the 
barometer  at  Portland,  Me.,  did  not  fall  to  29*6  inches,  and  in 
seven-eighths  of  these  cases  during  the  continuance  of  this  low 
pressure  the  wind  on  Mt  Washington  did  not  at  anytime  blow 
from  the  east  quarter.  I  think  we  are  therefore  justified  in 
inferring  the  following  generalisations. 

1.  In  a  majority  of  those  cases  in  which  an  area  of  low  barom- 
eter passes  over  New  England  attended  by  the  usual  system  of 
circulating  winds  at  the  surface  stations,  this  system  of  circu- 
lating winds  does  not  extend  to  the  height  of  6,000  feet 

2.  When  the  depression  of  the  barometer  is  unusually  great, 
this  system  of  circulating  winds  extends  to  the  greatest  height 

8.  When  during  the  progress  of  an  area  of  low  pressure,  a 
system  of  circulating  winds  reaches  to  the  summit  of  Mt 
Washington,  the  change  of  wind  to  the  east  quarter  usually 
begins  at  the  surface  stations  eleven  hours  sooner  than  it  does 
on  the  summit  of  that  mountain ;  and  the  change  back  from 
the  east  to  the  west  quarter  usually  begins  at  the  base  of  the 
mountain  five  hours  sooner  than  on  the  summit 

Abnormal  storm  paths. 

In  the  hope  of  obtaining  some  information  respecting  the 
causes  which  determine  the  movement  of  areas  of  low  barometer 
from  place  to  place,  I  selected  from  the  published  volumes  of 
the  Signal  Service  observations  those  cases  in  which  storm 
paths  deviated  most  from  their  average  course,  and  the  results 
are  shown  in  the  two  following  tables,  one  containing  those 
cases  in  which  the  direction  of  storm  paths  was  most  northerly, 
and  the  other  containing  those  cases  in  which  their  direction 
was  most  southerly.  Table  II  contains  various  particulars 
respecting  eight  storms  whose  course  was  nearly  from  south  to 
north.  Column  1st  shows  the  number  of  the  storm ;  column 
2d  shows  the  number  of  the  observation ;  column  3d  the  date 
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of  the  observation ;  and  column  4th  the  station  at  which  the 
observed  height  of  the  barometer  was  least  This  station  was 
not  generally  at  the  center  of  the  low  area,  but  is  presumed  to 
have  been  not  far  distant  from  the  center ;  column  6th  shows 
the  height  of  the  barometer  at  the  station  named  in  column  4th ; 
column  6th  shows  how  much  the  barometer  at  the  ffiven  date 
was  below  its  mean  height  for  that  month  as  deduced  from  the 
observations  of  six  years;  column  7th  shows  how  much  the 
thermometer  on  the  north  side  of  the  low  area  was  depressed 
below  its  mean  height  for  the  hour  of  observation ;  column  8th 
shows  how  much  the  thermometer  on  the  south  side  of  the  low 
area  rose  above  its  mean  height  for  the  hour  of  observation ; 
column  9th  shows  the  average  humidity  of  the  winds  on  the 
north  side  of  the  low  area ;  column  10th  the  average  humidity 
on  the  south  side  of  the  low  area ;  column  11th  shows  the  direc- 
tion 'and  velocity  of  the  highest  wind  reported  at  any  station 
on  the  north  or  west  side  of  the  low  area ;  column  12th  the 
direction  and  velocity  of  the  highest  wind  reported  at  any  station 
on  the  south  or  east  side  of  the  low  area;  column  18th  shows 
the  total  rain-fall  at  all  the  stations  east  of  the  Rocky  Moun- 
tains during  the  preceding  eight  hours ;  column  14th  shows  the 
total  rain-fall  at  all  the  stations  included  within  the  same  low 
area ;  and  column  15th  shows  the  direction  of  the  center  of  the 
rain  area  from  the  center  of  low  pressure  for  a  time  preceding 
the  date  of  observation  by  four  houra  When  the  center  of 
low  pressure  is  near  the  lloundary  of  the  United  States  it  is 
generally  impossible  to  determine  from  the  observations  where 
is  the  center  of  the  rain  area ;  and  in  sach  cases  a  blank  is  left 
in  column  14th.  When  the  center  of  the  rain  area  coincided 
sensibly  with  the  center  of  low  pressure  the  syllable  cent,  is 
inserted.  Table  III  contains  similar  particulars  respecting  six 
storms  whose  course  was  nearly  from  north  to  south.  The  last 
case  in  each  of  the  tables  was  taken  from  the  International 
series  of  observations  in  which  the  observations  are  given  for 
only  one  hour  of  each  day,  and  the  rain-fall  is  the  amount  re- 
ported for  the  preceding  twenty -four  hours. 

On  comparing  these  two  tables  we  find  important  differences 
in  several  particulars.  In  each  case  of  Table  11,  with  the  excep- 
tion of  the  last,  the  barometer  became  more  depressed  as  the 
storm  moved  northward,  and  at  the  last  observation  of  each 
case  the  average  depression  of  the  barometer  below  the  mean 
was  0*26  inch  greater  than  at  the  first  observation.  In  each 
case  of  Table  III  the  depression  of  the  barometer  increased  for 
16  hours  or  more,  and  then  decreased,  with  the  exception  per- 
haps of  the  last  case  where  the  storm  is  only  followed  to  Dodge 
City.  In  the  other  cases,  the  average  depression  of  the  barom- 
eter at  the  last  observation  was  somewhat  less  than  at  the  first 
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Table  IL — Storms  Moving  Northward, 


SI 

i 

o 
6 

Date. 

1872. 
Dec. 

I. 

1 

19.1 

2 

19.2 

3 

19.3 

4 

20.1 

5 

20.2 
1873. 
Jan. 

n. 

6 

1.3 

7 

2.1 

8 

2.2 

9 

2.3 

10 

3.1 

ni. 

11 

Apr. 
7.2 

12 

7.3 

13 

8.1 

14 

8.2 

15 

8.3 

16 

9.1 

17 

9.2 
Oct. 

IV. 

18 

19.2 

19 

19.3 

20 

20.1 

21 

20.2 

22 

20.3 

23 

21.1 

24 

21.2 
1874. 
JaD. 

V. 

25 

5.3 

26 

6.1 

27 

6.2 

28 

6.3 

29 

7.1 

30 

7.2 

31 

7.3 

32 

8.1 

33 

8.2 
Mar. 

VI. 

34 

6.1 

35 

6.2 

36 

6.3 

37 

7.1 

38 

7.2 
1877. 
Feb. 

VII. 

39 

28.2 

40 

28.3 
Mar. 

41 

1.1 

42 

1.2 

43 

1.3 

• 

44 

2.1 

45 

2.2 
Dec. 

vm. 

46 

21.1 

47 

22.1 

48 

23.1 

Meuii. 

liowest  Barometer. 


Indianola. 
Nashville. 
Louisville. 
Buffalo. 
Montreal 


Indianola. 

St.  Louis. 
Milwaukee. 
Milwaukee. 
Marquette. 

Indianola. 
Memphis. 

Cairo. 

Louisville. 

Chicago. 

Escanaba. 

Marquette. 

Charleston. 

Norfolk. 

Cape  May. 

Phila'phia. 

Pittsburgh. 

Erie. 

Alpena. 


Jacks'ville. 
Montgom^y. 

Augusta. 

Augusta. 
Lynchburg. 

Pittsburg. 

Cleveland. 


Ottawa. 

Ft.  Gibson. 

Keokuk. 

Dubuque. 
Milwaukee. 

Alpena. 


Indianola. 
Galveston. 

Shreveport 
Memphis. 

Cairo. 
Chicago. 
Saugeen. 

Concho. 

Dodge  City. 

Bismark. 


In. 

29-70 
•79 
•62 
•43 
•60 


la 


in. 

•40 
•40 
•53 
•56 
•58 


•70 
•64 

•85 

101 

•98 

•35 
•32 
•35 
•45 
•42 
•55 
•58 


•45 
•58 
•62 
•82 
•63 
28  -69 
36    -58 


•90 

•88 

•73 
•56 
•42 
•17 
•12 

•56 
•87 
•55 


•23 
•22 

•33 
•52 
•65 
•85 
t87 

•44 
•43 
•40 


Temp.  Hum.   Highest  Wind. 


I   1 1  I  Northny, 


98N.  12 
87N.W.17 
8B'N.  20 
89N.W.16 
88jN.W.24 


S.  14 

S.  24 

>S.E.  20 

;S.B.  24 

tS.E.  18 


87iN.E.  8 
88N.E.  11 
yON.W.29 
90N.W.20 
90N.W.35 


68  7l'N.   25 

82  76  N,  28 
75  SON.  34 
89;80  N.P:.  32 

83  82  N.  26 
85  85N.  16 
r,7  8HN.W.23 


;ilGG91,N.W.  12 
8,77  94:N.   16 


1G!82  95!N. 


81 
86 
79 
83 
82 
88 
85 
81 
29,72 

lDj86 
16s  74 


56  93  jN. 
78  95'N. 


78'83 
65l78 


91  N.E.  20 
95N.B.  18 
89  N.  16 
89,N.  24 
95|N.E  18 
93  N.W.  18 


4 

2 

9 

16 

12 

14 

35 

37 

14-7 


28 
36 
28 
32 
20 


N.  12 
N.W.  12 
N.W.  18 

N.  12 
N.  80 
N.W.  85 
N.W.  32 
N.W.  28 


N. 
N.E. 


95  N.W.  12 
93  N.E.  10 
88N.E.  16 
87|N.W.  16 
90  N.W.  24 

89  In.  12 
93|N.W.32 
93  W.   12 


881 


20.8 


SonthHy. 


S.B.  16 

S.E.  15 

S.E.  24 

S.  20 

S.  20 

19 

S-E.  16 

S.E.  20 

S.  35 

K.  33 

S.E.  32 

S.  32 

E.  13 

S.E.  24 

S.E.  32 

E.  42 

S.E.  32 

S.  24 

S.  28 


B. 
E. 

S. 

S.E. 
S.B. 
S.E. 

S. 

s. 

s. 


24 
24 
16 
24 
24 
18 
12 
20 
20 


S.B.  24 
S.  29 
S.E.  27 
S.  25 
20 


S.B.  14 

S.  20 

S.  28 

S.E.  24 

a  40 

S.E.  24 

aE.  24 

aE.  20 
230 


Bain  Fall. 


in. 

301 
5-77 
670 
14-37 
528 


064 
6-29 
9^12 
6-28 
7^84 

3^20 
346 
8-70 
8^54 
4-48 
3-75 
3^98 

6-84 
9-82 
17^65 
12-27 
9-86 
5-90 
3^01 


3-06 
8^82 

12-48 
8-35 

1181 
9-48 
6-27 
5-65 
1-68 

10-93 
516 
5-76 
8-82 
3-92 


1-12 
231 

4-15 

9-43 

6-17 

13-62 

18-52 

1200 
11-34 
12-43 


In 
Low. 


in. 

2-94 
5-77 
6-70 
14-37 
6-28 


0-64 
616 
912 
6-28 
7-37 

3-20 
3-46 
8-69 
8-54 
4-48 
376 
398 

6-84 
982 
17  66 
12^27 
9^86 
5-90 
301 


3-04 
8-78 

12-48 
835 

11-81 
9^48 
6^27 
6-65 
1-68 

10-93 
6-06 
6^22 
8-77 
2-32 


MIN. 
2-31  N. 


Which 
Bide. 


N.E. 
N.E. 
N.E. 
N.E. 


N.N.E. 
N.N.E. 
Cent. 


N.N.E. 

N.N.E. 

N.E. 

N.E. 

Cent. 


N. 

N. 

N. 

N. 

N. 

N.W. 

N.W. 


N.N.E. 

N. 

N. 

N.N.E. 

N.E. 

E.N.E. 

B.N.E. 


N.E. 

B.N.E. 

N.E. 


401 

9-43 

517 

11-46 

1862 

12  00 

1134 

1243 

6^89 


Cent. 
N.E. 
E. 
N.E. 


N.E. 

E.N.E. 

E.N.E. 
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Table  IH 

— / 

Storms 

Moving  Southward. 

^ 

Date. 

Lowest  Barometer 

>C3 

Temp. 

Hum.]     HlfhMt  Wind. 

BainFaU. 

OS 

i 

•0 

1 

a 

•d 

a 

In 

Wbkdi 

6 

i^a 

» 

i 

^ 

Northly. 

Sonthny. 

Total. 

Low. 

•ST 

7i 

» 

ai 

+ 

o 

^ 

m 

1877. 
Jan. 

in. 

In. 

o 

In. 

In. 

I. 

1 

3.3 

Pembina. 

29-91 

•20 

2 

70 

N.W.16 

S. 

14 

0-82 

000 

2 

4.1 

Ft.  Sully. 

•83 

•27 

3 

5 

82 

79 

N.W.28 

S. 

16 

0-99 

0-22 

3 

4.2 

Ft.  Sully. 

•67 

•43 

0 

5 

74 

77 

N.W.  28 

8. 

13 

1-11 

0-63 

E. 

4 

4.3 

Omaha. 

•80 

•33 

3 

9 

86 

72 

N.      26 

S. 

10 

0-64 

0-48 

E. 

5 

5.1 

Ft.  Gibson. 

•80 

•36 

2 

3 

86 

78 

N.W.34 

S. 

7 

0-49 

0-30 

s.aE. 

6 

5.2 

N.  Orleans. 

•90 

•28 

6 

0 

76 

68 

N.W.20 

0-96 

0*90 

as. 

11. 

1 

9.3 

Virginia  C. 

•46 

•19 

7 

80 

8. 

18 

0-70 

0*69 

E. 

8 

10.1 

Virginia  C. 

•31 

•34 

14 

12 

75 

81 

8.B. 

24 

0-80 

0*72 

E.aR 

9 

10.2 

N.  Platte. 

•07 

•78 

20 

17 

73 

81 

N.E.  24 

S.E. 

18 

0-97 

0*77 

B. 

10 

10.3 

N.  Platte. 

•03 

•82 

22 

10 

76 

76 

N.E.  24 

8.E. 

12 

1-24 

0*41 

Gent 

11 

11.1 

Ft.  Gibson. 

•64 

•52 

35 

22 

83 

81 

N.W.26 

8.E. 

12 

2-03 

1-74 

RN.K. 

12 

11.2 

Denison. 

•76 

•46 

29 

19 

77 

74 

N.E.  32 

a 

20 

6-88 

0*20 

N. 

13 

11.3 

Coraicana. 

•96 

•26 

35 

20 

71 

84 

N.E.  34 

a 

12 

2-98 

0*76 

N. 

14 

12.1 
Feb. 
17  3 

Indiauola. 

30-05 

•09 

21 

24 

82 

91 

N.      20 

8. 

10 

116 

0*99 

N.N.B. 

III. 

15 

Ft.  Gany. 

29-79 

•39 

20 

77 

8. 

12 

0-34 

0*00 

16 

18.1 

B'kenridge. 

•73 

•41 

18 

78 

78 

N.W.30 

a 

16 

0-42 

0*00 

17 

18.2 

Milwaukee. 

•55 

■52 

3 

16 

63 

64 

N.W.  26 

aE. 

20 

1-66 

0*99 

E.aB 

18 

18.3 

Toledo. 

•58 

•50 

6 

14 

75 

66 

N.      26 

a 

16 

1*02 

0*98 

B.N.E. 

19 

19.1 

Pittsburgh. 

•59 

•60 

11 

5 

76 

62 

N.E.  24 

a 

4 

0-42 

0-27 

N.E. 

20 

19.2 

Norfolk. 

•63 

•47 

11 

64 

N.W.  20 

aw 

14 

0-46 

0*39 

N.E. 

21 

19.3 

Wilm'gton. 

•76 

•37 

7 

63 

N.      32 

0-63 

0*43 

22 

20.1 

Savannah. 

•88 

•28 

6 

72 

N.E.  30 

1-42 

0*39 

IV. 

23 

20.3 

Pembina. 

•64 

•49 

26 

77 

a 

10 

003 

0*00 

24 

21.1 

B'kenridge. 

•54 

•60 

27 

75 

a 

12 

000 

000 

25 

21.2 

Duluth. 

•35 

•72 

43 

63 

N.W.  46 

a 

26 

016 

015 

26 

21.3 

St  Paul. 

•38 

•70 

23 

76 

N.W.  27 

a 

21 

019 

0*19 

27 

22.1 

LaOroase. 

•46 

•65 

28 

79 

63 

N.W.  30 

a 

21 

0-18 

018 

28 

22.2 

Davenport, 

■53 

•60 

0 

21 

61 

66 

N.      30 

a 

13 

0-79 

0*78 

a 

29 

22.3 
Mar. 

St.  Louis. 

•58 

•53 

4 

20 

71 

57 

N.      24 

a 

8 

1-80 

1*80 

aaB. 

V. 

30 

21.3 

N.  Platte. 

•19 

•45 

15 

24 

78 

58 

W.      28 

a 

14 

9-44 

0*00 

31 

22.1 

Omaha. 

•46 

•55 

19 

21 

76 

63 

N.W.  20 

aB. 

14 

8-69 

0*13 

32 

22.2 

Dodge  City. 

•07 

•56 

13 

21 

68 

59 

N.      44 

a 

26 

6-21 

0*27 

N.E. 

33 

22.3 

Ft.  Gibson. 

•66 

•30 

19 

19 

80 

67 

N.E.  40 

aE. 

16 

1-30 

019 

N.W. 

34 

23.1 

Ft.  Gibson. 

•73 

•23 

19 

17 

79 

73 

N.      24 

aE. 

8 

3-81 

1*11 

N. 

35 

23,2 

Coraicana. 

•67 

•33 

14 

15 

62 

45 

N.E.  30 

as. 

17 

4-81 

1*31 

N. 

36 

23.3 
1878. 
Feb. 

Indianola. 

■83 

•25 

10 

15 

73 

69 

N.      22 

s. 

11 

3-70 

2*93 

N. 

VI. 

37 

18.1 

Virginia  C. 

•44 

•20 

6 

18 

75 

a 

16 

4-82 

0*20 

38 

19.1 

B'kenridge. 

•38 

•76 

8 

21 

71 

72 

N.      12 

aB. 

17 

1-56 

0*04 

39 

20.1 

Dodge  City. 

•06 

•74 

0 

28 

86 

76 

N.W.  19 

a 

18 

3-46 

2-89 

E. 

Means. 

12.0 

17-1 

74 

71 

271 

14-8 

0*67 
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observatioD,  and  less  than  half  of  what  it  was  at  an  intermediate 
date.  In  table  U  the  average  temperature  of  the  winds  on  the 
north  side  of  the  low  area  was  9*6  degrees  below  the  mean  for 
that  time  and  place ;  and  the  average  temperature  of  the  winds 
on  the  south  side  of  the  low  area  was  14*7  degrees  above  the 
mean  for  that  time  and  place.  In  table  HI  the  average  tem- 
perature of  the  winds  on  the  north  side  of  the  low  area  was  12 
degrees  below  the  mean,  and  on  the  south  side  was  17  degrees 
above  the  mean.  The  blanks  in  columns  seven  and  eight  of 
table  m  result  from  the  center  of  least  pressure  being  near  the 
boundary  of  the  United  States,  so  that  the  signal  service  sta- 
tions do  not  furnish  the  required  data.  In  both  tables  the 
average  humidity  of  the  north  winds  was  nearly  the  same,  but 
the  humidity  of  the  south  winds  was  ver^  much  the  greatest  in 
table  II.  In  table  11  the  average  velocity  of  the  south  winds 
was  ten  per  cent  greater  than  that  of  the  north  winda  In 
table  ni  the  average  velocity  of  the  north  winds  was  about 
double  that  of  the  south  winds.  In  table  II  the  average  rain- 
fall in  eight  hours  within  the  low  areas  was  6*89  inches ;  in 
table  m  the  average  rain-Ml  was  0*67  inch,  and  in  a  majority 
of  the  cases  in  this  table  the  average  rain-bll  in  eight  nours 
was  only  0*14  inch. 

The  most  remarkable  circumstance  which  characterizes  these 
two  classes  of  storms  is  the  difference  in  the  amount  of  rain-falL 
In  the  cases  shown  in  table  II  the  rain-fall  was  enormously 
great,  and  this  appears  to  be  the  general  characteristic  of  those 
storms  which  originate  near  the  Qulf  of  Mexica  In  my 
seventh  paper,  I  gave  a  list  of  all  the  cases  contained  in  the 
volumes  of  the  Signal  Service  observations  which  had  then  been 
published,  showing  a  total  rain-fall  of  eight  inches  in  eight 
hours  at  all  of  the  stations.  More  than  two-thirds  of  all  these 
storms  originated  on  or  near  the  Qulf  of  Mexico,  and  a  major- 
ity of  the  remaining  cases  occurred  in  summer.  One  reason 
wny  these  storms  are  attended  by  a  great  fall  of  rain  appears  to 
be  that  the  south  wind  is  charged  with  a  large  amount  of  vapor 
from  a  warm  sea.  From  table  U  it  appears  that  this  south 
wind  is  warm,  moist,  and  pushes  northward  with  great  force. 

The  principal  object  which  I  had  in  view  in  preparing  these 
tables  was  to  discover,  if  possible,  the  reason  why  these  storms 
pursued  so  unusual  a  path.  The  average  course  of  the  eight 
storms  in  table  II  was  only  20  degrees  east  of  north.  One  of 
them  moved  almost  exactly  north,  and  another  deviated  sensibly 
to  the  west  of  north.  Can  any  reason  be  assigned  for  this  un- 
usual course?  I  have  endeavored  to  determine  whether  there 
was  any  connection  between  the  course  of  the  storm  and  the 
rain-fall  which  accompanied  it  Plate  I  of  my  7th  Paper 
shows  the  curves  of  equal  rain-fall  for  the  eight  hours  preceding 
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7*>  35",  Oct  20,  1878,  and  corresponds  to  No.  20,  table  II  of 
the  present  Article.  At  that  date  the  center  of  low  pressure 
was  moving  almost  directly  towards  the  center  of  the  rain-area. 
Plate  I  accompanying  the  present  Paper,  shows  the  isobars  for 
Oct  21.1,  1873,  and  the  dotted  line  snows  the  area  over  which 
the  rain-fall  for  the  preceding  eight  hours  amounted  to  at  least 
one-fifth  of  an  inch.  The  rain-fell  at  Cleveland  was  '75  inch ; 
Alpena  '58  inch  ;  Rochester  49  inch,  and  Saugeen  '49  inch.  It 
will  be  perceived  that  during  these  eight  hours  the  storm  center 
had  been  moving  almost  exactly  towards  the  center  of  gravity 
of  this  rain-area.  There  was  also  a  rain-area  extending  along 
the  New  England  coast  from  Boston  to  Eastport  which  did  not 
appear  to  exert  any  appreciable  influence  upon  the  progress  of 
the  storm.  I  have  made  a  similar  comparison  for  each  date 
in  table  II  and  find  that  in  each  case  the  storm  center  was 
moving  nearlv  towards  the  center  of  the  rain-area.  In  more 
than  half  of  the  cases  the  storm  appeared  to  be  moving  exactly 
towards  the  center  of  the  rain-area.  In  four  of  the  cases  the 
rain  center  appeared  to  be  a  little  westward  of  the  storm  path, 
and  in  twelve  cases  it  appeared  to  be  a  little  eastward,  but  in 
only  two  or  three  cases  did  it  deviate  as  much  as  45°  from  the 
direction  in  which  the  storm  center  was  moving.  This  coinci- 
dence seems  to  favor  the  conclusion  that  in  a  great  storm  the 
condensation  of  the  aqueous  vapor  is  an  efficient  cause  which 
controls  the  movement  of  the  winds. 

Table  III  shows  results  very  different  from  table  IL  In  six 
of  these  cases  no  rain  was  reported  at  any  station  within  the  area 
of  low  pressure  during  the  preceding  eight  hours;  in  23  of  the 
cases  the  total  rain-fall  during  the  preceding  eight  hours  at  all  the 
stations  within  the  low  area  was  less  than  half  an  inch ;  and  in 
only  five  of  the  cases  did  the  total  rain-fall  in  eight  hours  exceed 
one  inch,  and  in  each  of  these  five  cases  there  appears  to  have 
been  a  special  reason  for  the  greater  rain-fall.  In  No.  11  the 
rain  center  was  about  600  miles  northeast  of  the  center  of  low 
pressure,  and  the  succeeding  observation  shows  that  there  was 
another  low  center  in  Canada  which  mainly  controlled  the 
movement  of  the  winds  throughout  this  rain-area.  In  No.  29 
the  character  of  storm  No.  IV  had  already  changed,  and  the 
subsequent  course  of  the  storm  was  nearly  east  In  Nos.  84, 
85  ana  86  the  greater  rain-fall  is  parrty  explained  by  the  prox- 
imity of  the  low  center  to  the  Gulf  of  Mexico.  In  No.  39  the 
rain-fall  is  given  for  a  period  of  24  hours.  Thus  we  see  that  an 
area  of  low  pressure  may  be  formed  with  very  little  rain,  and  ap- 
parently witn  none  at  all.  Moreover  in  these  cases  the  storm  cen- 
ter did  not  generally  follow  the  rain  area  but  moved  away  from  it. 
Plate  n  accompanying  this  paper  shows  the  isobars  for  Jan.  4, 
1877,  at  4**  35"  p.  m.,  indicating  a  low  center  near  Ft  Sully. 
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The  rain-fall  reported  for  the  preceding  8  hours  was  as  follows : 

1.  Milwaukee,  014  inch ;  Marquette,  010 ;  Grand  Haven,  0*08 ; 
Escanaba,  0*05 ;  Port  Stanley,  0*02 ;  Detroit,  0-01 ;  and  Toledo, 
0*01,  amounting  together  to  0'41  inch.  Around  the  first  four 
of  these  places  I  have  drawn  a  dotted  line,  which  is  designed  to 
represent  the  area  over  which  the  rain-fall  was  at  least  0'05  inch. 

2.  A  rain-fall  of  0*09  inch  was  reported  at  Bismark  and  of  0*05 
at  Ft  Sully.  I  have  also  drawn  around  these  places  a  dotted 
line  representing  the  area  of  0*06  inch  rain-falL  3.  A  rain-fall 
of  0'08  inch  was  reported  at  North  Platte.  Thus  we  see  that 
the  principal  rain-mil  was  about  600  miles  east  of  the  low 
center,  ana  the  low  center  traveled  southward  apparently  unin- 
fluenced by  this  rain-falL  There  was  a  smaller  rain  area  which 
was  nearly  concentric  with  the  area  of  low  pressure,  and  there 
was  a  very  slight  fall  of  rain  on  the  south  side  of  the  low  center. 
I  have  made  a  similar  comparison  for  each  of  the  dates  of  obser- 
vation, and  find  the  following  results :  In  seven  of  these  cases 
the  principal  rain  center  was  about  360  miles  north  of  the 
center  of  the  low  pressure ;  in  four  of  the  cases  it  was  on  the 
northeast  side,  and  at  a  distance  of  about  500  miles ;  in  eight 
of  the  cases  it  was  on  the  east  side,  distant  about  600  miles ;  in 
one  case  it  was  on  the  northwest  side ;  in  one  case  it  was  on  the 
southeast  side ;  and  in  only  three  cases  was  the  center  of  the 
rain-area  nearly  south  of  the  center  of  low  pressure,  viz :  Nos.  5, 
28  and  29.  In  the  last  case  the  storm,  instead  of  following  the 
rain  towards  the  south,  immediately  changed  its  course  and 
moved  oflF  towards  the  east  Thus,  out  of  thirty-nine  cases  we 
find  only  one  case  in  which  the  storm  seemed  to  follow  the  rain- 
area,  but  in  half  of  the  cases  the  storm  traveled  almost  directly 
away  from  the  rain-area,  and  in  nearly  all  of  the  remaining 
cases  the  course  of  the  storm  was  nearly  at  right  angles  to  the 
direction  of  the  rain-area.  These  facts  seem  to  show  that  in 
these  cases  the  rain-fall  exerted  no  appreciable  influence  upon 
the  course  of  the  storm,  and  therefore  no  appreciable  influence 
upon  the  fall  of  the  barometer.  This  conclusion  is  confirmed 
by  the  observation  of  the  clouds.  In  all  the  cases  given  in 
table  m,  the  average  cloudiness  on  the  south  side  of  the  low 
area  was  less  than  one-half ;  and  in  several  cases  the  sky  was 
entirely  cloudless  at  every  station  on  the  south  side  of  the  low 
area.     This  was  true  for  Nos.  15,  16,  17,  28,  24,  80, 31  and  82. 

This  evidence  appears  to  me  to  show  that  heavy  and  exten- 
sive precipitation  does  not  invariably  precede  the  first  for- 
mation of  depression  areas  and  accompany  their  expansion, 
as  has  been  claimed.  These  depression  areas  increased 
in  intensity  when  the  rain-fall  was  nearly  zero,  and  while 
the  sky  on  the  south  side  was  not  generally  overcast  with 
clouds,  but  in  several  cases  was  almost  entirely  clear.     In 
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the  United  States,  depression  areas  do  not  generally  begin 
with  extensive  precipitation,  but  the  rain-fall  is  a  con* 
comitant  after  the  system  of  circulating  winds  has  become 
pretty  well   established.      The  depression  of  the  barometer 

15  the  result  of  a  system  of  circulating  winds,  and  the 
most  frequent  cause  producing  such  a  sjstem  appears  to  be 
two  or  more  areas  of  high  pressure  at  a  considerable  distance, (fre- 
quently 1,400  miles)  from  each  other.  Differences  of  temper- 
ature and  of  humidity  are  also  important  ^gents  in  producing 
and  sustaining  such  a  system  of  winds.  When  a  system  of 
circulating  winds  has  been  formed  over  a  lar^e  extent  of  coun- 
try, there  almost  invariably  results  a  fall  or  rain ;  and  if  the 
rain-fall  is  abundant,  and  extends  over  a  large  area,  it  becomes 
a  very  important  agent  in  modifying  the  direction  and  force  of 
the  winds. 

The  principal  question  still  remains  undecided,  why  did  the 
storms  in  table  il  pursue  a  course  so  nearly  from  south  to 
north,  and  those  in  table  III,  a  course  nearly  from  north  to 
south  ?  The  average  course  of  storm  paths  appears  to  be  deter- 
mined mainly  by  the  average  system  of  circulation  of  the 
atmosphere  near  the  earth's  surface,  and  occasional  departures 
of  storm  paths  from  this  average  track  appear  to  be  mainly 
due  to  causes  which  render  the  general  movement  of  the 
atmosphere  at  such  times  different  from  the  average  movement. 
In  table  II  it  is  seen  that  the  average  velocity  of  Uie  winds  on 
the  south  side  of  the  storm's  center  was  somewhat  greater  than 
on  the  north  side.  This  seems  to  indicate  that  at  these  times 
a  wind  from  the  south  or  southeast  pressed  towards  the  storm- 
area  with  unusual  forca  This  wind  extended  to  a  height 
greater  than  6,000  feet,  as  is  shown  by  the  observations  on  Mt. 
Washington  whenever  a  storm  center  came  into  the  neighbor- 
hood of  that  station.  The  following  observations  show  the 
direction  and  force  of  the  wind  on  that  mountain  during  the 
progress  of  storm  No.  IV.  Oct  20.1,  wind  S.B.  75  miles ; 
Oct.  20.2,  wind  S.E.  78  miles ;  Oct  20.3,  wind  S.  R  60  miles; 
Oct  21.1,  wind  S.  E  65  miles;  Oct  2L2,  wind  S.E.  88  miles. 
The  observations  also  show  that  this  south  current  extended  to 
the  height  of  the  upper  clouds.  This  is  seen  from  Plate  I, 
where  the  arrows  indicate  {not  the  direction  of  the  sur&ce 
winds),  but  the  direction  of  the  upper  clouds,  according  to  the 
reports  of  the  Signal  Service  observations  for  Oct  21.1,  1878. 
These  arrows  conform  in  a  remarkable  d^ree  to  the  direction 
of  the  surface  winds,  and  seem  to  indicate  that  the  system  of 
circulating  winds  which  prevailed  at  the  surface  of  toe  earth, 
extendi  to  a  height  greater  than  6,000  feet  into  the  region  of 
the  upper  clouds ;  a  height  which  is  very  uncertain  and  difficult 
to  estimate.    The  only  important  exception  to  the  rule  here 
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stated  is  tbe  observation  at  DaTenport,  which  appears  suspicious, 
since  at  the  afternoon  observation  of  the  same  day,  the  upper 
clouds  were  reported  from  the  northwest.  Generally  through- 
out the  eastern  half  of  these  low  areas  the  lower  clouds  were 
dense  and  unbroken,  so  that  there  was  no  opportunity  to  obtain, 
observations  of  the  direction  of  the  upper  clouds,  but  in  several 
cases  observations  were  made  which  indicated  a  circulation  of 
the  winds  at  the  height  of  the  upper  clouds  similar  to  that  de- 
scribed for  Oct.  21.1.  This  is  seen  in  the  observations  of  Nos. 
8,  24,  29,  80,  86  and  86. 

In  table  III  the  velocity  of  the  wind  on  the  north  side  of 
the  low  areas  was  nearly  double  that  on  the  south  side,  and 
this  northerly  wind  extended  to  a  considerable  height,  as  is 
shown  by  tne  observations  on  Pike's  Peak.  The  following 
observations  show  the  direction  and  force  of  the  wind  on  that 
mountain  during  the  progress  of  storm  Na  L  Jan.  8.8,  wind 
north  80  miles;  Jan.  4.1,  wind  north  42  miles;  Jan.  4.2,  wind 
north  82  miles;  Jan.  4.8,  wind  north  88  miles;  Jan.  6.1,  wind 
northeast  20  miles;  Jan.  6.2,  wind  north  86  miles.  This 
northerly  current  extended  to  the  height  of  the  upper  clouds. 
This  is  seen  from  Plate  11,  where  the  arrows  indicate  the  direc- 
tion of  the  upper  clouds  according  to  the  reports  of  the  Signal 
Service  observers  for  Jan.  4.2,  1877.  These  arrows  indicate 
a  movement  of  the  upper  clouds  from  the  west  or  northwest 
over  nearlv  the  whole  of  the  United  States  from  the  Pacific 
Ocean  to  the  Atlantic ;  and  throughout  the  western  half  pf  this 
region  the  movement  was  mainly  from  the  northwest  At  no 
station  were  the  upper  clouds  reported  as  moving  from  the  south- 
east, east  or  northeast,  and  at  only  one  station  were  they  reported 
from  the  south.  At  the  thirty-nine  dates  enumerated  in  table 
ni,  there  were  only  five  cases  in  which  the  upper  clouds  were 
reported  from  the  east  at  any  station  which  could  be  regarded 
as  included  within  the  system  of  circulating  winds  here  con- 
sidered ;  there  were  five  cases  in  which  the  clouds  were  reported 
from  the  southeast,  and  thirty-one  cases  in  which  the  clouds 
were  reported  as  moving  from  the  south,  and  about  half  of 
these  cases  occurred  Feb.  22d,  when  storm  No.  IV  was  losing 
its  previous  character  and  preparing  to  change  its  course  from 
south  to  east  These  facts  seem  to  indicate  that  the  surface 
winds  which  prevailed  on  the  south  and  east  sides  of  the  low 
areas  enumerated  in  table  III,  were  not  only  dry  and  feeble, 
but  extended  to  a  less  height  than  the  southerly  winds  which 
attended  the  storms  enumerated  in  table  IL 

These  facts  seem  to  indicate  that  at  the  time  of  the  observa- 
tions in  table  II,  there  was  an  unusually  strong  current  from 
the  south  or  southeast,  which  reached  to  a  height  of  over  10,000 
feet^  and  swept  over  a  considerable  portion  of  tne  United  States ; 
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while  at  the  time  of  the  observations  in  table  III,  there  was  an 
unusually  strong  current  from  the  north  or  northwest,  which 
also  reached  to  a  height  of  more  than  10,000  feet,  and'  swept 
over  the  United  States  from  the  Pacific  Ocean  to  the  Atlantic. 

The  cases  enumerated  in  table  III  are  remarkable  on  account 
of  the  long  continuance  of  the  movement  of  storm  centers  from 
north  to  south,  but  the  published  volumes  of  the  Signal  Service 
observations  show  many  other  cases  in  which  storms  pursued  a 
similar  course  for  twenty-four  hours  or  more. 

In  preparing  the  materials  for  this  article,  I  have  been  assisted 
by  Mr.  Henry  A.  Hazen.  a  graduate  of  Dartmouth  College  of 
the  class  of  1871. 


Art.  n. — Silurian  Formation  in  Central  Virginia  ;  by  J.  L. 
Campbell,  Washington  and  Lee  University. 

Limits, — What  is  known  as  the  "Great  Valley  of  Virginia" 
occupies  a  belt  of  country  extending  entirely  across  the  State 
from  the  Tennessee  line  on  the  southwest  to  the  Potomac  on 
the  northeast — includingJefferson  and  part  of  Berkeley  County, 
now  a  portion  of  West  Virginia.  It  has  mountjrin  boundaries 
throughout  its  whole  extent  On  its  southeastern  margin  it  is 
separated  from  what  is  called  "Piedmont  Virginia,"  by  the 
Blue  Ridge  and  its  southwest  prolongations,  Poplar-Camp  and  , 
Iron  Mountains.  On  the  northwest  side  we  find  a  somewhat 
irregular  line  of  broken  ridges  bearing  different  names  at  differ- 
ent points.  Through  several  of  the  southwest  valley  counties 
it  is  called  "Walker^s  Mountain."  In  Botetourt,  Rockbridge 
and  Augusta,  it  is  called  "  North  Mountain,"  while  through 
the  remainder  of  the  distance  to  the  Potomac  it  is  called 
"Little  North  Mountain."  The  length  of  the  Valley,  from  the 
Tennessee  line  to  the  Potomac,  is  about  three  hundred  and  thirty 
miles.  Near  its  southwest  extremity,  in  Washington  County,  it 
is  about  twelve  or  fifteen  miles  wide,  and  becoming  gradually 
wider  it  extends  towards  the  northeast.  We  find  it  in  Rock- 
bridge and  Augusta  varj'ing  in  breadth  from  twenty  to  twenty- 
five  miles.  Its  total  area,  embracing  the  contiguous  mountain 
slopes  on  each  side,  is  not  much  short  of  6,000  square  miles. 

Its  Topography, — With  the  exception  of  a  limited  belt 
occupied  by  the  Massanutton  range  in  its  northeast  parts,  and 
some  strips  covered  by  outliers  of  North  and  Walker's  Moun- 
tains, this  extensive  zone  has  for  its  surface  one  continuous 
outcropping  of  the  Lower  Silurian  rocks.  Before  examining 
into  the  geological  features  of  this  interesting  region,  it  will  be 
well  to  take  a  bird's-eye  view  of  its  topography.  (1.)  It  lies 
between  two  elevated  mountain  ranges — the  Blue  Ridge  on  the 
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southeast  rising  to  heights  ranging  generally  between  2000  and 
4000  feet  above  tide-level;  and  the  North  Mountain  range  on 
the  northwest,  almost  equally  high  at  many  points.  (2.)  The 
axial  line  of  the  Blue  Riage  (which  consists  chiefly  of  Archaean 
rocks)  has  but  few  gaps  through  which  streams  of  water  can 
pass.  Not  a  single  outlet  of  any  considerable  size  is  found  for 
the  waters  of  the  valley  through  this  ridge  anywhere  between 
Harper's  Ferry  on  the  Potomac  and  Balconjr  Falls  on  the 
James — ^a  distance  of  one  hundred  and  fifty  miles.  The  only 
other  water-gaps  are  the  one  through  which  the  Roanoke 
(afterwards  the  Staunton)  River  passes  towards  the  southeast, 
and  the  narrow,  rugged  ravines  oy  which  the  waters  of  New 
River  (Kanawha)  and  some  of  its  tributaries  run  down  from 
the  Plateau  formed  by  the  bifurcation  of  the  Blue  Ridge 
towards  its  southwest  extremity.  But  along  the  northwest 
side  of  the  axial  ridge,  throughout  the  greater  part  of  its 
extent,  we  find  a  large  number  of  short  broken  ridges  and 
irregular  peaks,  forming  sometimes  double,  and  often  triple, 
lines  nearly  parallel  with  the  main  mountain,  and  indicating  by 
their  position  and  structure  that  they  were  once  continuous 
ridges  that  have  since  been  fractured  and  cut  into  deep  gorges, 
through  which  small  streams  of  water  now  run  down  into  the 
limestone  valley  below.  These  broken  ridges  consist  of  Pri- 
mordial rocks.  The  mountains  on  the  northwest  are  far  less 
regular  and  continuous  than  the  main  Blue  Ridge,  and  are 
traversed  by  numerous  water-gaps.  Here  the  Upper  Silurian 
(Medina)  Sandstones  constitute  the  material  of  wnich  most  of 
the  ridges  are  constructed,  and  the  heavy  beds  are  frequently 
arched  or  folded,  and  cut  through  by  ravines  of  considerable 
extent  and  grandeur,  like  that  through  which  New  River  makes 
its  way  towards  the  Ohio,  or  the  beautiful  arch  at  Clifton 
Forge,  or  the  grand  "  Goshen  Pass  "  between  the  Chesapeake 
and  Ohio  Railroad  and  Lexington. 

(8.)  Those  who  have  not  visited  this  section  of  the  State 
must  not  imagine  that  the  "  valley  "  is  one  vast  continuous 
plain  like  some  of  the  western  prairies.  It  is  a  land  of  ^^  hill  and 
dale,  of  water-brooks  and  fountains  of  water."  Its  limestone 
and  cherty  ridges  are  frequently  of  such  dimensions  that  in 
many  parts  of  the  world  tney  would  be  called  "mountains;" 
and  where  they  are  cut  by  the  bold  and  rapid  streams  that 
abound  here,  they  present  many  steep  and  naked  cliffs,  some- 
times more  than  two  hundred  feet  in  height  above  the  water. 
Such  natural  sections  present  features  of  great  interest  to  the 
geologist;  and  afford  important  aid  in  ascertaining  the  real 
structure  and  relative  position  of  the  several  sub-divisions  of 
this,  the  most  remote  age  of  paleozoic  history. 

(4.)  Any  good  map  of  Virginia  will  show  that  this  valley  is 
Am.  Joob.  Scl— Third  Sbbibs,  Vol.  XVIII,  No.  103.— July,  1879. 
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not  single,  whether  viewed  lengthwise  or  crosswise.  From  a 
few  miles  southwest  of  Winchester  to  a  point  nearly  opposite 
Harrisonburg,  it  is  divided  into  two  subordinate  valleys,  by  the 
Massanutton  Mountains — a  long  belt  of  ridges  of  Upper  Silu- 
rian and  Devonian  rocks  that  withstood  the  denuding  agencies 
that  uncovered  so  many  hundreds  of  square  miles  of  the 
Lower  Silurian  limestones.  Less  extensive  ridges  also  inter- 
rupt the  continuity  on  the  northwest  side ;  and  some  of  them, 
like  the  House  Mountain,*  across  which  the  accompanying 
section  passes,  present  striking  examples  of  mountains  left  in 
isolated  positions  by  the  sweeping  away  of  the  once  adjacent 
rockjr  masses  through  the  powerful  denuding  agencies  of  water 
and  ica  That  such  agencies  have  operated  in  this  region  on  an 
extensive  scale  will  be  considered  more  fully  hereafter. 

The  cross  divisions  of  the  valley  are  marked  by  the  water- 
sheds that  determine  its  drainaga  Southwest  of  Wythe 
County  we  find  the  waters  carried  oflf  by  the  Holston  into  the 
Tennessee  River.  Wythe,  Pulaski  and  part  of  Montgomery, 
are  drained  by  New  Eiver,  which  runs  down  from  the  Blue 
Bidge  plateau,  crosses  towards  the  northwest  and  makes  its 
way  to  the  Ohio.  Thus  we  have  '*  New  River  Valley."  A 
small  portion  of  Montgomery  and  nearly  all  of  Rioanoke 
County,  are  drained  by  the  Roanoke  River — one  of  the  three 
rivers  that  have  cut  water-gaps  through  the  Blue  Ridge  in  a 
southeasterly  direction.  Next  to  this  "Roanoke  Valley" 
comes  the  upper  "James  River  Valley,"  occupied  by  Bote- 
tourt and  Rockbridge.  Extending  fix)m  the  water-shed  (cross- 
ing near  the  line  between  Rockbridge  and  Augusta")  to  the 
Potomac,  we  find  the  extensive  "  Shenandoah  Valley. 

(5.)  Elevations. — At  Harpers  Ferry,  where  the  Potomac 
leaves  the  Great  Valley,  the  height  above  tide-level  is  only 
about  two  hundred  and  forty  feet ;  but  when  we  reach  the  head 
waters  of  the  Shenandoah,  we  have  arrived  at  a  water-shed 
having  an  average  height  of  nearly  1800  feet  Then,  in  pass- 
ing on  to  the  south  corner  of  Rockbridge,  we  come  to  the 
"pass"  of  the  James,  at  Balcony  Falls,  having  an  elevation  of 
about  700  feet  The  Roanoke  Valley  has  about  the  same 
average  elevation  as  that  of  the  James  Valley,  1200  feet;  but 
on  rising  to  the  margin  of  New  River  Valley,  near  Christians- 
burg,  in  Montgomery  County,  we  are  about  2000  feet  high ; 
and  on  the  southwest  margin,  at  Mount  Airy — the  summit  of 
the  A.  M.  &  0.  Railroad — 2600  feet  Many  points  on  the  Blue 
Ridge  are  not  higher  than  this  highest  part  of  the  great  lime- 
stone valley.  At  the  Tennessee  line  tne  height  is  less  than 
1700  feet 

*  This  is  often  spoken  of  as  if  it  were  a  siugle  mountain — and  so  it  appears  to 
be  as  seen  from  Lexington — ^while,  in  reality,  there  are  two  short  paraUel  ridgea 
nearly  a  mile  apart,  cut  ofE  abruptly  at  both  ends. 
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Here,  then,  we  have  a  plateau,  rather  than  a  valley,  with  an 
average  elevation  above  the  sea  of  about  1200  or  1800  feet 
This  18  much  above  the  average  elevation  of  the  Mississippi 
Valley.  It  is  in  reality  a  part  of  the  great  belt  of  uplift  tnat 
constitutes  the  Appalachian  Range,  but  erosive  agencies  have 
stripped  it  of  the  greater  part  of  its  mountain-making  massea 
The  Blue  Ridge,  which  now  forms  its  southeast  border,  was 
once  the  shore-line  of  the  great  primal  ocean  that  covered  the 
Mississippi  Valley  (including  *' Appalachia")  during  the  re- 
mote ages  of  geological  history. 

At  present  the  streams  of  water  in  the  valley  tend  towards 
the  southeast  margin  all  the  way  from  the  Potomac  to  Salem, 
in  Roanoke  County.  This  is  most  strikingly  the  case  in  the 
basins  drained  by  the  Roanoke  and  the  James  Rivers,  thus  indi- 
cating less  elevation  on  that  side  than  on  the  other.  I  think  we 
shall  learn  hereafter  that  this  is  most  probably  the  result  of 
difference  in  the  amount  of  denudation  on  the  two  sides. 

This  brief  summary  of  the  most  conspicuous  physical 
features  of  the  Great  Valley  and  its  surroundings  is  deemed 
sufficient  to  give  the  reader  a  tolerably  distinct,  though  very 
general  view  of  the  present  surface  formed  by  the  outcropping 
of  the  most  extensive  exposure  of  Lower  Silurian  rocks  in 
Virginia.  There  are  other  less  extensive  exposui-es  of  the 
same  rocks  forming  subordinate  limestone  valleys,  but  they 
must  be  left  out  of  our  present  discussion. 

Oeology. — My  purpose  is  to  give  in  the  first  place  a  section 
extending  from  the  Blue  Ridge  to  the  North  Mountain, 
embracing  some  of  the  Archaean  rocks  at  one  extremity,  and 
of  the  Devonian  at  the  other.  The  discussion  of  this,  with  its 
divisions  and  sub-divisions,  and  some  leading  peculiarities  of 
each,  will,  I  think,  illustrate  the  geology  of  this  middle  part  of 
the  State  in  a  manner,  and  to  an  extent,  not  hitherto  attempted 
by  any  ona 

I  am  indebted  to  the  partial  survey  of  Virginia,  made  under 
the  direction  of  the  venerable  and  distinguished  geologist.  Pro- 
fessor W.  B.  Rogers,  for  guidance  and  aid  in  my  own  investi- 
gations and  for  many  of  the  facts  contained  in  this  communica- 
tion. The  line  of  section  here  given  has  been  carefully  explored 
and  re-explored  throughout  its  whole  extent,  several  times.  It 
crosses  a  portion  of  the  valley  not  heretofore  represented  in 
section,  so  far  as  I  know ;  and  while  it  may  be  regarded,  to  a 
certain  extent,  as  typical  of  this  region  of  the  State  for  some 
miles  on  each  side  of  its  line,  it  presents  some  peculiarities 
worthy  of  special  notice.  These  will  be  discussea  in  future. 
For  the  present  a  general  description  must  suffice 

The  southeast  extremity  is  on  the  slope  of  the  Blue  Ridge 
beyond  Robinson's  Gap,  and  extends  one  mile  past  the  line 
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between  Eockbridge  and  Amherst  CouDties ;  while  the  north- 
west reaches  about  a  mile  beyond  the  crest  of  the  North 
Mountain  to  the  valley  of  the  Eockbridge  Alum  Springs, 
where  it  cuts  the  Devonian  shales  from  which  the  waters  of 
those  springs  flow.  A  subordinate  ridge  of  Medina  sandstones, 
however,  rises  in  the  valley  between  the  end  of  the  section  and 
the  Springs. 

The  first  general  division  includes  the  metamorphic  and 
eruptive  rocks  of  the  main  Blue  Ridge.  The  other  general 
divisions  are  those  adopted  by  Professor  Rogers  in  his  survey 
of  the  State  (1886-41).  Only  Nos.  I  to  VII  are  included. 
The  sub-divisions  into  which  each  of  these  is  here  divided  are 
my  own,  and  may  be  regarded  as  representative  (with  local 
modifications),  not  only  oi  the  limestones  of  the  Great  Valley, 
but  also  of  the  shales  and  sandstones  of  the  bordering  moun- 
tains and  outlyinff  ridges  on  both  sides.  They  are  marked,  a, 
i,  c,  eta,  in  ascending  order,  and  will  be  found  to  correspond 
with  many  of  the  subdivisions  given  by  Professor  Dana  in  his 
Manual  of  Geology  (ed.  1875). 

There  is  no  natural  section  or  gap  through  the  metamorphic 
and  eruptive  rocks  at  this  point  on  the  Blue  Ridge,  but  the 
outcrop  is  quite  distinct,  except  that  of  a  mass  of  syenite  (E) 
protruded  among  the  stratifiea  rocks.  The  crest  of  the  ridge 
IS  marked  hj  a  heavy  bed  of  syenitic  gneiss  (or  stratified  sye- 
nite), (6)  which  might  readily  be  taken  for  an  igneous  rock — so 
greatly  has  it  been  metamorphosed.  This,  with  the  thinner 
beds  of  like  composition,  ana  the  interstratified  slates  (c)  all 
dip  steeply  to  the  S.E. — or  rather  S.S.E.  Beneath  the  mass  of 
syenite  we  find  first  gneissoid  rocks  with  considerable  quanti- 
ties of  epidote;  and  under  these,  slates  and  sandstones,  all  dip- 
ping conformably  with  those  above.  These  are  a  of  the  meta- 
morphic group  on  the  section. 

Against  the  upturned  edges  of  these  metamorphic  strata  we 
find  the  lowest  of  the  Primordial  beds,  resting  unconformahly^ 
and  dipping  in  the  opposite  direction.  Here  begins  No.  I  of 
Professor  Rogers's  divisions.  It  might  be  subdivided  into 
very  many  alternations  of  sandstones  and  shales,  but  I  have 
preierred  to  limit  the  number  to  seven^  that  are  quite  constant 
m  their  general  features  for  many  miles  along  tne  N.W.  face 
of  the  range.  At  the  grand  natural  section  at  Balcony  Falls, 
where  the  James  River  passes  through  the  mountain,  about 
fifteen  miles  S.W.  of  my  line,  there  is  a  very  interesting  expo- 
sure of  all  the  divisions  here  given — similar  in  relative  posi- 
tion, similar  in  lithological  and  fossil  characters,  and  having 
the  same  general  dip. 

No.  L — The  group.  No.  I,  cr,  as  a  general  rule,  has  a  layer  of 
feldspathic  and  siliceous  conglomerate  near  the  bottom,  then 
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dark  shales  alternatiDg  with  sandstones  more  or  less  conglom- 
erate. The  shales,  however,  predominate.  Next  comes  a  bed 
(6)  of  very  hard  sandstone— (juartzite ;  the  upper  and  lower 
layers  of  which  are  more  bnttle  than  the  main  mass  lying 
between  them.  This  is  sucqeeded  by  a  much  thicker  mass  of 
brown,  purple  and  yellow  shales  (c),  with  thin  beds  of  brittle 
sandstones.  This  mass  is  extensively  disintegrated  at  the 
James  Biver  pass  on  both  sides,  where  its  thickness  is  about 
650  feet,  includiog  a  considerable  bed  of  sandstone  which  at 
that  point  seems  to  separate  it  into  two  somewhat  distinct  divis- 
ions. But  at  Ilobinson*s  Gap,  and  other  places,  this  bed  of 
interstratified  sandstone  either  disappears  or  oecomes  very  thin. 
The  bed  (d)  is  very  constant,  very  hard,  and  has  a  jointed 
structure  so  deeply  marked  and  so  extensive,  that  the  cleavage 
planes  thus  developed  have  sometimes  been  mistaken  for 
planes  of  stratification  dipping  S.E.  The  division  (c)  consists 
of  shales  of  much  lighter  color  than  those  found  lower  in  the 
seriea  Some  of  the  beds  are  decidedly  kaolin  in  character, 
with  numerous  scales  of  mica  disseminata  through  them.  Up 
to  this  point  we  find  only  very  faint  indications  of  fossil 
remains  of  either  plant  or  aninial.  A  few  scolithus  borings 
(in  b  and  d)  are  found,  but  they  are  rare,  in  comparison  with 
what  are  found  in  (/).  This  (/)  is  the  "typical  sandstone"  of 
the  range,  and  constitutes  the  frame-work  of  what  was  once  a 
continuous  ridge,  but  is  now  crossed  by  numerous  gorges, 
which  have  divided  it  into  many  short  ridges  and  irr^ular 
knobs  and  peaks.  It  is  a  hard  sandstone  of  white  and  light 
gray  color,  and  jointed  structure ;  aad  along  this  and  other 
parts  of  its  range  it  "  exhibts  vague,  f ucoidal  and  zoophytio 
impressions  on  the  surface  of  bedaing,  tc^ether  with  innumer- 
able markings  at  right  angles  to  the  stratification,  penetrating 
in  straight  lines  to  great  depths  in  the  rock,  and  from  their 
frequency  and  paraUelism  determining  its  cleavage  in  nearly 
parallel  planea  These  markings  are  of  a  flatten^  [many  of 
them]  cylindrical  form,  from  Jth  to  yV^h  of  an  inch  broad,  giv- 
ing the  surface  of  the  fractured  rock  a  ribbed  appearance,  and 
resembling  perforations  made  in  sand  which  have  been  sub- 
sequently filled  up,  without  destroying  the  ori^nal  impres- 
sion." Such  is  Professor  W.  B.  Iwgers's  descnption  oi  the 
characters  given  to  this  heavy  bed  of  rock  by  the  /Scolithus  line- 
aris. These  fossils  are  so  numerous  that  I  recently  counted  at 
Balcony  Falls  about  150  of  their  extremities  projecting  on  one 
square  foot  of  surface.  This  may  very  properly  be  called  the 
"Scolithus  bed"  of  this  Primordial  formation.  The  thinner 
beds  at  the  top  and  bottom  disintegrate  rapidly.  Between  this 
and  the  first  limestone  of  the  valley  is  a  thick  mass  of  ferru^- 
nous  shales  generally  much  disintegrated  and  covered  with  the 


Digitized  by 


Google 


J.  L.  Campbell — Silurian  Formation  in  Virginia.         23 

debris  of  saudstone  from  the  adjacent  ridges  just  described. 
This  is  {g)  on  the  section.  It  sometimes  rises  to  a  considerable 
height  on  the  slope  of  the  "scolithus  bed/*  especially  where 
the  dip  is  low ;  and  in  a  few  cases,  as  at  Irish  Creek,  I  have 
found  it  reaching  the  crest  of  the  ridga  It  is  one  of  the  rich- 
est repositories  of  iron  ore  in  Virginia — especially  brown  hema- 
tite— and  has  valuable  beds  of  manganese,  one  of  whicft,  near 
Waynesboro*,  in  Augusta  county,  is  at  present  extensively 
worked.  The  ores  o  f  the  Shenandoah  Iron  Works  of  Page 
county  are  obtained  from  this  bed  of  shale.  Although  it 
abounds  in  iron  ores,  yet  it  has  the  peculiar  feature  of  contain- 
ing a  layer  of  clay  so  white  as  to  be  called  "  chalk"  by  the  peo- 
ple of  the  region. 

This  brings  us  to  the  border  of  the  limestones  of  the  valley, 
and  the  plane  of  division  between  No.  I  and  No.  IL  Thus  we 
have  passed  over  the  Primordial  Period.  If  it  has  here  repre- 
sentatives of  both  the  Acadian  and  Potsdam  epochs  (which  I 
doubt)  the  lowest  shales  and  sandstones  must  represent  the 
former,  and  the  upper  shales  and  sandstones  the  mtter.  For 
the  present,  at  least,  I  shall  r^ard  the  whole  as  belonging  to 
the  Potsdam.  The  total  thickness  varies  considerably  as  we 
ascend  the  ridges.  This  is  especially  conspicuous  in  the  beds 
of  shale,  and  causes  such  a  decided  variation  in  the  dip  of  the 
sandstones  as  to  make  them  present  the  appearance  in  many 
places  of  seraients  of  broken  arches ;  the  dip  varying  as  it  does 
here  and  atlBalcony  Falls  from  65°  at  the  base  to  80°  near  the 
upper  margin,  or  outcrop  of  the  beds.  This  peculiarity  has 
been  caused  either  by  an  original  thinning  out  of  the  beds 
towards  their  margin  before  they  were  upheaved,  or  by  a 
squeezing  out  of  a  portion  of  their  material  by  the  resistance 
and  pressure  of  the  more  unyielding  beds  of  sandstone  above 
and  below,  at  the  period  of  upheaval 

The  thruatj  which  was  doubtless  from  the  Blue  Bidge 
towards  the  valley,  seems  to  have  been  more  powerful  near  the 
base  than  it  was  near  the  summit  Hence  the  steeper  dip 
below,  which  has  become  reversed  in  the  limestones  for  seve- 
ral miles  from  the  foot  of  the  mountain. 

No.  IL — The  first  natural  subdivision  (a)  of  the  valley  lime- 
stones may  with  propriety  be  called  the  "  Hydraulic  Forma- 
tion," inasmuch  as  ifabounds  in  hydraulic  limestones  through- 
out its  whole  length.  It  includes,  however,  several  layers  of 
very  siliceous  and  argillaceous  limestones  separated  from  one 
another  by  beds  of  brown,  bluish  and  purple  shales,  and  some 
soft  sandstone&  The  best  bed  of  hyaraulic  stone  ia  near  the 
bottom  of  this  division,  and  where  it  has  been  quarried  for 
many  years,  near  Balcony  Falls,  is  only  about  twelve  to  fifteen 
feet  thick,  and  dips  steeply  to  the  N.  W .    Where  our  section 
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crosses  the  strata  of  a  they  are  nearly  vertical.  From  this 
point  to  the  Brushy  Hills  beyond  Lexington,  the  strata  (with 
one  or  two  local  and  very  limited  exceptions),  all  dip  towards 
the  Blue  Ridge;  and,  upon  a  superficial  view  of  the  case, 
might  be  supposed  to  extend  beneath  it  But  examinations  of 
the  relative  position  of  the  sandstones  and  limestones  at  other 
point^in  the  valley,  together  with  lithological  and  fossil  pecu- 
liarities that  prove  the  more  recent  origin  of  the  limestones, 
lead  to  the  conclusion  that  they  are  geologically  above  the  sand- 
stones and  shales  already  described.  The  several  repetitions  of 
the  subdivisions  of  No.  II,  between  the  Poplar  Hills  and  North 
River  can  be  accounted  for  only  upon  the  hypothesis  of  plica- 
tions in  the  strata  caused  by  pressure  on  the  one  side  and  resist- 
ance on  the  other.  We  conclude,  therefore,  that  the  hydrau- 
lic beds  (a),  as  originally  deposited  on  the  ancient  sea-bottom, 
underlie  those  of  6,  while  these  again  were  overlaid  by  the 
beds  of  c.  Only  occasional  fucoid  plants,  and  brachiopod  raol- 
lusks  have  been  seen  in  a.  It  se<?ms  to  be  the  equivalent  of 
the  Oalciferous  Epoch  of  New  York  (8  a,  Dana). 

No.  n  by  embraces  a  series  of  heavy  beds  of  dark  blue  lime- 
stones, with  some  dark  brown  and  yellow  shales  intervening. 
A  large  proportion  of  the  limestone  is  magnesian  (dolomitic), 
and  some  beds  hydraulic.  The  oxide  of  iron  abounding  in 
this  formation,  gives  a  dark  brown  color  to  the  soils  produced 
by  its  disintegration.  These  are  among  the  best  and  most 
durable  soils  of  the  valley.  The  next  and  upper  division  (No. 
n  c),  is  characterized  lithologically,  (1)  by  having  the  greater 
part  composed  of  light  blue  and  bluish-drab  colored  limestones, 
with  yellow  shales  interstratified,  especially  among  the  lower 
beds ;  (2)  by  one  and  sometimes  two  beds  of  coarse,  brown, 
friable  sandstone  between  layers  of  light-colored  limestones, 
and  (3)  by  a  remarkable  bed  of  chert  near  its  upper  limit  This 
hard,  flinty,  durable  rock  has  so  far  resisted  the  force  of  disin- 
tegrating agencies,  as  to  be  left  as  a  covering  on  the  faces  of 
many  of  the  limestone  hills  throughout  a  large  extent  of  the 
Great  Vallev.  This  chert  bed  varies  in  thickness  from  one  to 
ten  feet  within  the  range  of  a  few  miles ;  but  it  and  the  brown 
sandstone  lower  down  serve  as  well  defined  land-marks  for  this 
whole  formation.  The  brown  sandstone  has  preserved  imper- 
fect impressions  of  several  species  of  brachiopod  shells,  while 
in  the  chert  bed  are  found  in  some  localities  large  numbers  of 
silicified  shells  of  gasteropod  and  cephalopod  mollusks.  This 
division  (c)  by  disintegration  yields  light  clay  and  sandy  or 
pebbly  soils,  according  to  the  varying  characters  of  the  out- 
cropping strata.  These  soils  are  only  moderately  productive — 
some  of  them  very  poor.  Local  deposits  of  hmonite  ore  in 
this  formation  have  been  mined  in  past  years  to  supply  some 
of  the  iron  furnaces  in  Augusta  county. 
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The  lithological  and  paleontological  characters  of  this  group 
of  rocks,  as  well  as  its  position  seem  to  identify  it  with  the 
Chazy  Epoch  (8  c,  Dana). 

The  dotted  lines  on  the  section  give  an  ideal  representation 
of  the  foldings  and  inversions  to  which  these  rocks  were  sub- 
jected when  turned  up  from  their  original  bedding.  There 
was  not,  of  course,  the  regularity  and  symmetry  in  the  fold- 
ings that  the^e  lines  indicate,  for  there  are  along  the  line  many 
evidences  of  local  warpings,  fractures,  dislocations,  etc.,  that 
could  not  appear  on  such  a  section.  Several  trap-dykes  are 
found  protruded  through  the  rocks  of  No.  II,  in  Augusta  and 
Eockingham  counties,  but  none,  so  far  as  I  know,  in  Rock- 
bridge. The  Natural  Bridge,  from  which  this  county  takes  its 
name,  is  in  b — being  a  portion  of  one  of  its  upper  strata  span- 
ning a  cafiion  or  gorge,  cut  through  its  lower  beas  to  a  depth  of 
more  than  200  feet* 

No.  IIL — In  some  respects  this  group  of  rocks  differs  so 
widely  here  from  its  condition  in  Augusta  and  Rockingham 
counties,  where  Professor  W.  B.  Rogers  adopted  it  as  typical 
in  his  earlier  Reports,  that  I  feel  confident  that  he  then  regarded 
some  of  the  heavy,  but  quite  irregular  beds  of  limestone  in  the 
Lexington  basin  as  a  part  of  No.  II,  but  I  am  equally  confi- 
dent that  he  would,  upon  a  more  detailed  examination,  class 
them  as  Trenton  Limestones — ^base  of  IIL 

The  lower  bed  (a)  of  this  group  is  peculiar,  as  far  as  I  have 
yet  observed,  to  Rockbridge  and  adjacent  portions  of  Bote- 
tourt and  Augusta  counties.  It  has  all  the  appearance  of  an 
old  coral  reef  very  much  disintegrated,  stratiQed,  and  subse- 
quently solidified  by  the  infiltration  of  carbonate  of  lime  which 
Has  given  the  mass  a  crystalline  texture,  and  converted  it  into 
a  gray  limestone,  very  compact  and  admirably  adapted  for 
building  purposes.  The  bed  has  well  defined  horizons  both 
below,  where  it  is  separated  from  the  chert  of  No.  II  c,  by  one 
or  two  thin  layers  of  light  blue  limestone ;  and  above,  where  it 
is  covered  with  a  layer  that  is  shaly  in  some  places  and  in 
others  very  hard,  and  full  of  white  veins  of  calcite  and  dolo- 
mite. The  upper  and  lower  portions  of  this  coralline  bed  are 
quite  full  of  shells  as  well  as  fragments  of  coral ;  the  middle 
portion  is  more  purely  coralline,  more  compact,  and  better 
adapted  to  the  architectural  purposes  to  which  it  is  extensively 
applied ;  and  to  the  manufacture  of  lima  The  most  easterly 
outcrop  in  this  neighborhood  is  on  Hoffman's  Run,  about  one 
mile  S.K  of  the  town,  where  the  total  thickness  is  about  sixty 
(60)  feet  It  seems  to  run  out  somewhere  beneath  the  syncli- 
nal fold  that  forms  the  Poplar  Hills,  but  appears  again  on  Buf- 

*  I  indine  to  the  belief  that  this  gorge  was  originally  a  crevice  in  the  strata, 
and  subseqoentlj  enlarged  by  erosion — not  the  result  of  erosion  alone ;  the  aroh 
haying  escaped  fracture  when  the  creyice  was  produced. 
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falo  Creek,  six  miles  to  the  S.W.  N. W.  of  Lexington  the  out- 
crop of  this  bed  is  finely  displayed  along  some  parts  of  the  base 
of  Brushy  Hills,  and  especially  on  the  North  Eiver,  a  mile 
above  the  town  bridge,  where  it  forms  a  nearly  vertical  cliff, 
exposing  its  entire  thickness,  which  at  this  point  is  about  160 
feet.  This  thickness  is  preserved  in  the  synclinal  between 
Brushy  Hills  and  House  Mountain,  and  also  at  other  points 
where  it  appears  below  (6)  the  thicker  mass  of  Trenton  iiime- 
stone. 

No.  Ill,  6,  crops  out  extensively  on  both  sides  of  Poplar 
Hills,  forms  the  whole  of  the  synclinal  over  which  Lexington 
stands,*  and  is  the  foundation  rock  of  the  House  Mountains, 
around  the  base  of  which  it  may.be  seen  cropping  out  on  all 
sides.  The  general  position  here  is  horizontal,  or  nearly  so, 
with  some  local  curves.  Northwest  of  Kerr's  Creek  valley  it 
disappears  beneath  the  North  Mountain. 

The  general  structure  of  b  differs  very  widely  from  all  the 
lower  limestones — the  beds  here,  except  some  of  the  lowest, 
being  thin  layers  of  argillaceous  limestones,  with  interstratified 
shales.  Near  the  base  of  6,  especially  along  its  S.E.  portion, 
underlying  the  Poplar  Hills,  we  find  a  bed  of  very  compact 
blue  limestone  irregularly  bedded  and  very  full  of  infiltrated 
veins;  but,  as  we  ascend,  the  rocks  become  more  and  more 
argillaceous,  with  the  beds  of  shale  becoming  more  numerous ; 
and  finally,  as  may  be  seen  on  House  Mountain,  after  passing 
upward  through  a  thickness  of  about  650  feet,  the  shale 
becomes  predominant,  but  still  contains  some  thin  beds  of 
limestone  remarkable  for  the  profusion  of  fossil  shells,  crinoids 
and  coral  found  in  them.  There  is  no  well-defined  horizon 
here,  between  what  is  represented  on  the  section  as  b  and  c,  but 
the  former  seems  in  general  characters  to  be  the  equivalent  of 
the  Trenton  limestone,  and  the  latter  of  the  Cincinnati  (Hud- 
son^^shales.     It  is  about  750  feet  thick. 

Remarh — I  have  not  seen  any  outcrop  of  the  division,  a,  of 
No.  Ill  in  Augusta  county  northeast  oi  Staunton,  nor  have  I 
seen  ii;  at  all  in  Bockingham.  If  its  ec^uivalent  appears  in  that 
part  of  the  valley,  it  is  under  quite  different  litnological  and 
fossil  peculiarities.  I  might  say  almost  as  much  in  r^ard  to 
b  ;  for  limestone  beds  form  a  very  inconspicuous  part  of  III, 
from  Staunton  (or  rather  a  point  S.K  of  that  place)  to  a  point 
in  Bockingham  county,  where  it  passes  under  iV  in  the  Mas- 
sanutton  range  of  mountains. 

"Fault.*' — This  seems  to  be  the  proper  place  for  directing 
attention  to  the  '*  Fault,"  the  line  of  which  passes  in  front  (S.E.) 
of  the  House  Mountain.    It  is  easily  traced  for  several  miles 

*  This  Bynclinal  is  really  doti^Zs— haying  a  line  of  uplift  running  through  it,  but 
the  scale  of  the  section  would  not  admit  its  insertion.  There  are  also  some  local 
Irregularities  here. 
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both  ways  from  on6  line  of  section.  The  lower  and  older 
rocks  of  No.  II  are  found  (in  their  own  normal  order)  overly- 
ing the  newer  of  No.  lU  6,  which  dip  beneath  them.  At  a 
number  of  points  between  Kerr's  Creek  and  Collier's  Creek, 
two  considerable  streams  that  run  out  from  the  N.  Mountain 
at  the  opposite  extremities  of  the  House  Mouxitain  ridges,  this 
dipping  of  the  newer  under  the  older  rocks  may  be  seen  along 
a  line  of  very  considerable  regularity. 

Our  general  description  has  now  extended  to  the  horizon 
between  the  Lower  and  Upper  Silurian. 

No.  IV,  the  equivalent  of  the  Medina  group,  is  composed  of 
very  durable  sandstones  that  are  the  chief  mountain-making 
rocks  along  the  northwest  margin  of  the  valley,  and  through- 
out a  belt  of  twenty  or  twenty-five  miles  wide,  parallel  with  it 
It  may  be  represented  under  three  subdivisions.  The  lower 
one  01  which  (a),  is  a  very  hard,  light  gray,  sometimes  white, 
sandstone,  distinctly  conglomerate  in  many  places,  and  so 
durable  as  to  present  long  lines  of  precipices  where  the  strata 
crop  out  on  the  faces  of  the  mountains.  The  middle  member 
{b)  of  this  group  is^a  dark  brownish  purple  sandstone  with  beds 
of  interstratified  shales  of  the  same  color.  Shells  in  the  sand- 
stones, and  fucoids  in  the  shales,  are  conspicuous  features  of 
this  division.  A  third  member  (c)  is  much  lighter  in  color 
than  6,  but  darker  than  cu  Some  of  the  harder  layers  have  a 
pinkish  hue,  while  the  softer  and  more  brittle,  especially  near 
the  top,  where  they  border  on  No.  V,  are  ferown  and  yellowish 
brown  in  color.  While  this  group,  as  it  appears  on  the  two 
ridges  of  House  Mountain,  rests  upon  a  nearly  horizontal  base, 
in  the  North  Mountain  its  position  is  changed  to  that  of  a 
steep  northwest  dip. 

Tne  general  pressure  that  acted  from  the  Blue  Ridge  side  of 
the  valley  towards  the  northwest,  seems  to  have  lifted  the 
House  Mountain  ridges  somewhat  above  what  was  the  original 
level  of  the  surrounding  region,  and,  at  the  same  time,  to  have 
broken  off  and  pushed  bacK  the  edges  that  now  form  the  crest 
of  North  Mountain.  But  while  the  section  represents  the  gen- 
eral result,  it  will  be  found  on  examination,  that  there  are  a 
number  of  local  and  limited  irregularities  in  the  form  of  con- 
tortions and  fractures  that  could  not  be  exhibited  on  a  scale 
representing  so  much  space  within  so  short  a  limit.  So,  also,  it 
has  here,  apparently,  a  greater  degree  of  symmetry  on  the  sur- 
face, than  the  denuding  forces  to  which  it  has  been  subjected, 
have  given  it.  But  in  this  regard,  also,  the  irregularities  are 
too  numerous  and  limited  to  find  a  place  on  the  section. 

The  strata  of  this  group  all  thin  off  as  they  extend  farther 
towards  the  interior  basin  of  the  coal  regiona  They  also  vary 
much  in  thickness  where  they  crop  out  aJong  the  margin  of  the 
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valley.  What  now  caps  House  Mountain  is  about  three  hun- 
dred and  sixty  feet  thick,  while,  at  the  highest  point,  it  may 
have  lost  one  hundred  feet  or  more  of  its  original  height  On 
the  Warm  Springs  Mountain,  in  Bath  County,  twenty  miles 
farther  towards  the  great  Appalachian  coal  basin,  the  thickness 
is  very  perceptibly  less.  At  Panther  Gap,  two  or  three  miles 
west  of  Gosnen,  where  the  Chesapeake  and  Ohio  Railroad 
passes  through  Mill  Mountain,  a  very  complete  section  of  No. 
rV  is  displayed  as  a  folded  and  inverted  anticlinal — inverted 
towards  tne  northwest  so  that  the  higher  strata  of  V,  VI  and 
VII,  seem  to  underlie  IV. 

No.  V  is  in  most  places,  in  this  part  of  the  Appalachians,  a 
bed  of  shales  and  bnttle,  shaly  sandstones.  In  tne  upper  part 
the  shales  predominate  and  have  some  thin  bands  of  limestone. 
Valuable  iron  ores,  some  of  them  highly  fossiliferous,  abound 
in  this  formation.  The  development  of  this  group  is  not 
extensive  where  our  line  of  section  cuts  it  This  seems  to  be 
the  only  representative  we  have  here  of  the  Clinton  and 
Niagara  epochs  (56,  and  5c,  Dana). 

No.  VI  is  not  actually  visible  where  the  section  passes,  but 
its  outcrops  on  both  sides  of  the  same  valley,  at  points  not 
very  remote,  seem  to  justify  the  hypothesis  that  it  actually 
exists  at  this  point  though  concealed  from  view  by  the  debris  of 
sandstone  and  clay  from  the  adjacent  mountain.  In  this  part 
of  the  Appalachian  ran^e  it  consists  almost  entirely  of  lime- 
stones that  are  remarkable  for  the  profusion  of  fossil  coral, 
shells  and  encrinites  found  in  them.  The  stone  is  pure  enough 
in  some  of  its  beds  to  make  good  lime,  and  firm  enough  to 
make  good  building  material  for  houses,  railroad  masonry, 
etc.  In  the  prolongation  of  the  same  mountain  valley,  m 
which  our  section  terminates,  this  formation  is  largely  devel- 
oped along  the  line  of  the  Chesapeake  and  Ohio  Railroad,  be- 
tween Goshen  and  Buffalo  Gap.  At  Craigsville,  nine  miles 
northeast  of  Goshen,  it  aiffords  an  extensive  quarry  of  beautiful 
encrinal  marble.    It  is  the  Helderberg  Limestone.    (7  Dana.) 

No.  VII  is  a  singular  bed  of  brownish  and  greenish-gray 
sandstone  of  coarse  texture,  easily  broken,  and  in  many  places 
disintegrates  readily  under  the  weather.  In  other  localities  it 
is  more  durable,  forms  rather  low  fiat  arches,  and  when  cut 
through  by  streams  presents  precipitins  exposures.  It  is  said 
to  have  valuable  deposits  of  iron  ore  at  several  points  in  Vir- 
ginia. Great  numbers  of  fossil  brachiopods,  especially  Spiri/er 
arenosus  and  Renssekeria  ovoides^  are  found  in  it  everywhere. 

This  is  a  remarkably  well  defined  formation,  readily  distin- 

f;uished  by  its  lithological  peculiarities  and  its  fossil  remains, 
t  is  cut  by  the  Chesapeake  and  Ohio  Railroad  at  several  places 
between  Buffalo  Gap  and  Goshen.     On  the  turnpike  leading 
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from  Millboro  to  the  Warm  Springs,  about  three  miles  from  the 
station  at  which  the  stage  coaches  leave  the  railroad,  this  forma- 
tion may  be  seen  as  an  anticlinal  arch,  spanning  the  lower  lime* 
stone  01  VI,  in  which  the  famous  "Blowing  Cave"  of  Bath 
County  is  situated.  Here  the  Calfpasture  Eiver  has  cut 
through  a  ridge  and  given  a  natural  section  along  the  base  of 
which  the  stage-road  passes,  and  where  the  Oriskany  and  Hel- 
derberg  formations  are  well  exposed,  and,  together  with  the 
Blowing  Cave,  present  points  of  considerable  scientific  interest 
Here,  also,  the  meeting  of  the  Oriskany,  the  upper  member  of 
the  Silurian,  with  the  Marcellus  (?)  shales,  at  tne  base  of  the 
Devonian,  may  be  distinctly  observed  on  both  sides  pf  the 
ridge. 

The  following  table  exhibits  a  comparison  of  the  subdivis- 
ions in  this  portion  of  the  Virginia  valley,  with  the  periods  and 
epochs  in  Professor  Dana's  Manual : 

Silurian  rooks  of  tlie  Cheat  VaUet/  of  Virginia  with  their  sub- 
divisions^ compared  with  equivalent  epochs  of 
Dana^s  Manual^  p.  142. 


S 


Periodi. 


Bpochi. 


Bogen* 
Senee. 


Viivloto  Vftller  8nb- 
dlTltions. 


Oriskany. 
g  ;L.  Helderberg. 
'g  Salina. 

*- 1 

2,  Niagara. 


Trenton. 


X  Canadian. 

S3 


Primordial  or  ^ 
Cambrian. 


Archeean. 


5a 


Oriakany, 
L.  Helderberff. 
Salina.  i 

Niagara. 
CUnton.  i 

Medina. 


Hudson  Riv. 

Utica. 

Trenton. 


Chascy. 

Quebec. 

Oalciferous. 

Potsdam. 


Acadian. 


Archsoan. 


No.  vn. 

No-  VI. 
No.  V.    . 


No.  rv.  -J 

No.  in. 

No.  IL     I 

No.  I. 


Meta- 
mor 

phi4 
Igneous. 


)ta-  ( 
ic    ( 


Spirifer  Sandstone. 
Encrinal  Limestone. 
Calcareous  Shalea 
Ferriferous  Shales. 
Shaly  Sandstones. 
Upper  Sand-rock. 
Purple  Shale  and  Sandstone. 
Conglomerate. 

House  Mt  Shales. 

Lexington  Limestones. 
Coraline  Limestonea 
Cherty  Limestones. 
Dolomitic  Limestones. 
Hydraulic  Limestones. 
Iron-bearing  Shales. 
Soolithus  Sandstones. 
Kaolin  Shales. 
Middle  Sandstones. 
Middle  Shales. 
Lower  Sandstones. 
Lower  Shales. 


c  Slates  and  Syenite  Gneiss. 
b  Bedded  Syenite. 

Lower  Slates. 
E\  Eruptive  Syenite. 
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Art.  HL — On  a  new  form  of  Spectrometer^  and  on  the  distribu- 
tion of  the  intensity  of  Light  in  the  Spectrum  ;  by  John  Wil- 
liam Draper,  M.D.,  President  of  the  Faculty  of  Science  in 
the  University  of  New  York. 

I  HAVE  invented  a  spectrometer  which  I  think  will  open  a 
new  and  interesting  fiela  to  those  who  are  engaged  in  spectnun 
analvsia 

The  ordinary  spectroscope  is  occupied  with  the  frequency  of 
ether-vibrations  or  wave  lengtha  This,  which  I  am  about  to 
describe,  has  a  diflFerent  function.  It  deals  with  the  intensity 
or  brilliancy  of  light 

It  depends  on  the  well  known  optical  principle  that  a  light 
becomes  invisible  when  it  is  in  presence  of  another  light  about 
sixty-four  times  more  brilliant 

In  some  researches,  published  by  me  in  1847,  on  the  produc- 
tion of  light  by  heat  or  the  incandescence  of  bodies,  I  used  this 
method  as  a  photometer,  and  became  sensible  of  its  value. 
The  memoir  in  which  those  experiments  are  related  may  be 
found  in  ray  recently  published  **  Scientific  Memoirs,"  page  28. 

Having  also  published  in  1872  a  memoir  ou  the  distribution 
of  heat  m  the  prismatic  spectrum,  and  shown  that  the  cause 
of  its  increasing  intensity  from  the  more  to  the  less  refrangible 
regions  is  due  to  the  compression  of  the  colored  spaces  that 
correspondingly  takes  place,  owing  to  the  action  of  the  prism 
itself,  out  havmg  failea  to  obtain  satisfectory  measures  in  the 
case  of  the  diffraction  spectrum,  in  which  such  compression  or 
condensation  does  not  occur,  I  was  led  to  reflect  whether  better 
success  might  not  be  secured  by  attempting  to  measure  the 
relative  intensity  or  distribution  of  the  light 

Admitting  what  is  commonlv  received  as  true,  that  the  yel- 
low is  the  brightest  of  the  colored  spectrum  spaces,  and  that 
the  luminous  intensity  diminishes  from  that  in  both  directions, 
above  and  below,  I  supposed  that  if  such  a  spectrum  was  brought 
in  presence  of  an  extraneous  light,  the  illuminating  power  of 
which  could  be  varied  at  pleasure,  that  after  the  red  and  the 
orange  on  one  side,  and  the  green,  blue,  indigo  and  violet,  on 
the  other,  had  been  extinguished,  the  yellow  would  still  remain 
in  the  midst  of  the  surrounding  illumination.  On  making  the 
experiment  it  turned  out  differently. 

JFor  the  sake  of  clearness  of  description  I  will  call  this 
extraneous  light,  from  the  func*;ion  it  has  to  discharge,  the  ex- 
tinguishing light 

There  are  many  different  plans  by  which  the  principle  above 
indicated  may  be  carried  into  practical  effect  Several  of  these 
I  have  tried,  and  have  found  the  following  a  convenient  one. 
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Eemove  from  the  common  three-tubed  spectroscsope  its  scale 
tube,  and  place  against  the  aperture  into  which  it  was  screwed 
a  piece  of  glass,  ground  on  both  sides.  In  front  of  this  arrange 
an  ordinary  gas  light,  attached  to  a  flexible  tube,  so  that  its 
distance  from  the  ground  glass  may  be  varied  at  pleasure.  On 
looking  through  tne  telescope  tube,  the  field  of  view  will  be 
uniformly  illuminated,  this  being  the  use  of  the  ground  glass. 
The  brilliancy  of  the  field  depends  on  the  distance  of  the  gas 
light,  according  to  the  ordinary  photometric  law. 

1st  Case  of  me  prismatic  or  dispersion  spectrum, — If  the  extin- 
guishing light  be  for  the  moment  put  out,  and  in  the  proper 
Elace  before  the  slit  tube  the  luminous  flame  of  the  Bunsen 
urher  that  accompanies  the  apparatus  be  arranged,  on  looking 
through  the  telescope  a  spectrum  of  that  luminous  flame  will 
of  course  be  seen.  The  sHt  itself  should  be  very  narrow,  so 
that  the  spectrum  may  not  be  too  bright 

Now  let  the  extinguishing  flame  be  placed  before  the  ground 
^lass,  and  a  spectrum  is  seen  in  the  midst  of  a  field  of  light,  the 
Brilliancy  of  which  can  be  varied  at  pleasure.  If  the  extin- 
guishing flame  be  at  a  suitable  distance,  the  whole  spectrum 
may  be  discerned.  As  that  distance  is  shortened,  first  the 
violet,  and  then  the  other  more  refrangible  colors  in  their 
descending  order  disappear,  and  at  length  in  the  steadily  in- 
creasing OTulgence  the  red  alone  remains.  The  yellow  never 
stands  out  conspicuously  as  might  have  been  expected. 

This  is  scarcely  consistent  with  the  assertion  that  the  yellow 
is  the  brightest  of  the  rays.  The  red  is  plainly  perceptible  long 
after  the  yellow  has  gone.  There  is  a  greenish  tint  emitted  by 
gas-light  that  disappears  a  little  previously  to  the  extinction  of 
the  r^ 

From  these  observations  I  think  that  the  luminous  intensity 
of  the  colored  spaces  has  a  relation  to  the  compression  or  con- 
densation that  the  prism  is  impressing  upon  them.  It  may  be 
that,  properly  considered,  the  intrinsic  intensity  of  the  light  is 
the  same  for  all.  In  this  we  must  always  bear  in  mind  the 
physiological  peculiarities  of  the  eye. 

The  foregoing  statement  is  perhaps  sufficiently  explicit  to 
enable  any  one  to  verify  the  facts,  i  may,  however,  mention 
some  improvements  in  the  apparatus,  which  experience  has  led 
me  to  adopt 

The  intensity  of  the  extinguishing  light  may  be  insufficient 
to  obliterate  the  spectrum,  even  though  the  slit  be  closely  nar- 
rowed. How  then  may  the  intensity  of  the  spectrum  be  aimin- 
ished,  and  that  of  the  extinguishing  light  be  simultaneously  in- 
creased ?  I  accomplished  this  by  depositing  on  that  face  of 
the  prism  which  acts  as  a  reflector  an  eoccessively  thin  film  of 
silver.     This,  though  it  was  t^ransparent  to  the  transmitted 
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rays  increased  very  greatly  by  its  metallic  reflection  the  ex- 
tinguishing ones.  I  could  not  see  any  difference  between  the 
spectrum  of  the  light  that  had  come  through  this  film  and  that 
before  the  face  was  silvered,  but  the  reflected  light  was  incom- 
parably more  brilliant  The  complete  obliteration  of  the  entire 
spectrum  presented  now  no  difl&culty. 

Nothing  need  be  said  about  collateral  contrivances,  which 
would  suggest  themselves  to  any  one :  A  strip  of  wood  a 
metre  long,  and  bearing  divisions  served  to  keep  the  extinguish- 
ing lamp  in  the  proper  direction  as  regards  the  ground  glass, 
and  indicated  its  aistanca  I  may  add,  however,  that  satisfac- 
tory observations  can  be  made  very  conveniently  by  keeping 
the  extinguishing  flame  at  a  constant  distance,  and  varying  its 
intensity  by  opening  or  closing  its  stop-cock.  This  avoids  the 
trouble  arising  from  moving  the  flame.  In  one  instrument  I 
caused  an  index  attached  to  the  head  of  the  stopcock  to  move 
over  a  graduated  scale,  and  so  ascertained  how  much  it  was 
opened.  This,  though  permitting  of  pleasant  working,  had  not 
the  exactness  of  the  method  of  distances. 

Such  are  the  results  obtained  from  the  prismatic  dispersion 
of  gas-light.  I  completed  this  part  of  the  investigation  by  an 
examination  of  sunlight  For  this  purpose  I  resorted  to  the 
foregoing  principle,  introducing  a  beam  of  sunlight,  reflected 
from  a  heliostat  through  a  slit  The  'spectrum  of  this  was 
thrown  upon  a  paper  screen,  so  placed  that  by  opening  or  clos- 
ing an  aojacent  window-shutter  the  light  of  the  sky  in  greater 
or  less  quantity  could  fall  upon  the  paper,  and  act  as  an  extin- 
guisher. When  the  shutter  was  fully  opened  the  spectrum  was 
quite  obliterated,  and  on  gradually  closing  it  so  as  to  diminish 
the  extinguishing  light,  the  red  region  first  came  into  view, 
the  other  colors  following  in  the  order  of  their  refrangibility, 
the  extreme  violet  appeanng  last.  On  reversing  the  movement 
of  the  shutter  the  colors  disappeared  in  the  reverse  order,  the 
red  disappearing  last. 

At  the  moment  when  the  red  was  approaching  extinction 
there  always  existed  on  its  more  refrangible  side  a  gleam  of 
grayish-green  light  It  was  in  the  position  of  that  greenish 
gleam  which  appeared  as  I  have  described  when  gas-light  was 
examined.  Its  color  recalled  to  my  mind  the  faint  greenish- 
gray  light  I  had  seen  when  a  strip  of  platinum  is  i^ited  by  a 
feeble  electric  current,  as  described  in  my  memoir  of  1847, 
above  referred  to. 

Subsequently  I  constructed  a  camera  having  two  apertures 
in  its  front  Through  one  of  them,  by  a  suitable  arrangement 
of  a  heliostat,  slit,  direct-vision  prism,  and  convex  lens,  a  solar 
spectrum  was  formed  on  the  ground  glass.  Through  the  sec- 
ond aperture,  which  was  about  an  inch  square,  covered  with  a 
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glass  ground  on  both  faces,  an  e:(tingaishiDg  beam  of  sunlight 
passed.  This  ground  glass  served  to  disseminate  the  extin- 
guishing light  uniformly  over  the  spectrum.  I  could  regulate 
me  power  of  this  light  by  varying  the  size  of  the  aperture 
through  which  it  came  by  means  of  a  slida 

It  is  needless  to  give  details  of  the  results  obtained  b^  this 
instrument  They  were  identical  with  those  described  in  the 
foregoing  paragraphs. 

It  might  be  supposed  that  the  irrationality  of  dispersion  of  dif- 
ferent prisms  would  influence  the  results  perceptibly.  Accord- 
ingly, I  tried  prisms  of  different  kinds  of  fflass  and  other  trans- 
parent substances,  but  could  not  find  that  this  was  the  case.  In 
all,  the  extinction  began  in  the  violet  and  ended  in  the  red. 

Nor  did  there  seem  to  be  any  difference  when  the  effect  was 
viewed  by  different  eyes.  To  persons,  irrespective  of  age  or 
the  condition  of  their  sight,  the  extinction  took  place  in  the 
same  manner.  I  had  not  an  opportunity  of  exammation  in  a 
case  of  color-blindness. 

2d.  Case  of  the  Grating  or  Diffraction  /Spectrum. — If  the  cause 
of  the  increasing  intensity  of  light  in  the  prismatic  spectrum 
from  the  more  to  the  less  refrangible  region  be  the  compression 
exercised  by  the  prism  on  the  colored  spaces,  increasing  as  the 
refrangibility  is  less,  we  ought  not  to  find  any  such  peculiarity 
in  the  diffraction  spectrum.  In  this  the  colored  spaces  are 
arranged  uniformly  and  equably  in  the  order  of  their  wave- 
lengths. An  extinguishing  light  ought  to  obliterate  them  all 
at  the  same  moment. 

Having  modified  the  common  spectroscope  bv  taking  away 
its  dark  box  so  that  the  slit  tube  ana  telescope  tube  could  be  set 
in  any  required  angular  position,  I  put  in  the  place  of  its  prism 
a  glass  grating  inclined  at  forty-five  degrees  to  rays  coming  in 
through  the  slit.  The  ruled  side  of  the  grating  was  presented  to 
the  slit.  Now  when  the  extinguishing  flame  was  properly  placed 
before  the  ground  glass,  the  plane  side  of  the  grating  reflected  its 
light  down  the  telescope  tube.  In  this,  as  in  the  former  case,  the- 
spectrum  was  seen  in  the  midst  of  a  field  of  light,  the  intensity  of 
which  could  be  varied  by  varying  the  distance  of  the  extinguish- 
ing flame,  or  by  varying  the  opening  of  its  stop-cock.  This 
light  needs  no  recfnforcement  by  increasing  the  reflecting  power 
of  the  back  face  of  the  grating,  these  spectra  being  much  more 
feeble  than  that  given  by  a  prism,  and  the  unassisted  light 
being  quite  able  to  extinguish  tnem. 

As  the  glass  grating  I  was  using  gave  its  two  series  of 
spectra  of  unequal  brightness,  I  selected  the  most  brilliant, 
and  in  it  used  the  spectrum  of  the  first  order.  I  saw,  not  with- 
out pleasure,  that  as  the  force  of  the  extinguishing  illumin- 
ation increased,  all  the  colored  spaces  yielded  apparently  in  an 
equal  manner,  and  disappeared  at  the  same  moment.     Some- 
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times,  however,  there  seemed  to  be  a  very  slight  diflTerenoe  in 
favor  of  the  red.  On  diminishing  the  illamination  all  the 
colors  came  into  view  apparently  at  the  same  time.  This 
spectrum  gives  a  better  opportunity  than  the  prismatic  for 
observations  on  the  yellow  space,  which  by  being  uncompressed, 
ex[X)ses  a  wider  surface  to  view.  This  yellow  space  showed 
no  superiority  in  resisting  extinction  over  the  other  colors. 

But  as  gas-light,  conipared  with  sunlight,  is  deficient  in  the 
more  refrangible  rays,  I  repeated  the  examination  of  the  latter, 
as  I  had  previously  done  for  the  prismatic  spectrum,  modifying 
the  apparatus  so  as  to  use  a  grating  in  the  place  of  the  prism. 
The  observations  in  this  case  of  sun-light  were  quite  as  satisfac- 
tory as  those  in  which  gas-light  had  been  used. 

(Jeneral  conclusions.  —  1st.  In  the  prismatic  spectrum  the 
luminous  intensity  increases  from  the  more  to  the  less  refrangi- 
ble spaces,  its  maximum  being  not  in  the  yellow  but  in  the  red. 
This  is  due  to  the  action  of  the  prism,  which  narrows,  and  as  it 
were,  condenses  the  colored  spaces  more  and  more  as  we  pass 
toward  the  red,  increasing  the  intensity  of  the  light  as  it  does 
that  of  the  heat 

2d.  In  the  grating,  or  diffraction  spectrum,  the  luminous 
intensity  is  equal  in  all  the  visible  regions,  all  the  colors  being 
simultaneously  obliterated  by  an  extinguishing  light. 

It  must,  however,  be  borne  in  mind  that  these  conclusions 
should  be  taken  in  connection  with  the  physiological  action  of 
the  eja  Owing  in  part  to  the  imperfect  transparency  of  its 
media,  and  partly  to  the  inability  of  its  nervous  mechanism 
to  transmit  waves  of  certain  frequency  to  the  brain,  the  spec- 
trum does  not  b^n  and  end  sharply,  as  to  a  perfect  eye  a 
perfect  spectrum  ought  to  do. 

There  are,  hence,  two  causes  which  must  not  be  overlooked 
in  these  observations.  Ist  The  physiological  peculiarity  of 
the  eye,  which  gives  to  each  end  of  the  spectrum  the  aspect  of 
gradually  fading  away.  2d.  In  the  case  of  solar-light  the 
absorptive  action  of  the  atmosphere,  which  is  chiefly  exerted 
on  the  more  refrangible  raya 

I  think,  bearing  in  mind  the  correlation  of  light  and  heat, 
both  being  corresponding  manifestations  of  the  same  vibratory 
movement  in  the  ether,  that  these  results  substantiate  those  I 
published  in  1872,  on  the  distribution  of  heat  in  the  spectrum ; 
and  that  as  the  different  colored  spaces  are  equally  luminous, 
so  they  are  equally  warm. 

I  have  made  some  attempts  to  compare  with  each  other  the 
luminous  intensity  of  the  bright  lines  in  various  spectra,  espe- 
cially those  emitted  by  a  strontium  flame,  but  not  being  able  to 
continue  these  researches  at  present,  I  have  postponed  them  to 
a  more  favorable  opportunity. 

Umyeraity  of  New  York,  Ub,j  5th,  1 879. 
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Art.  IV. — On  the  ExUnct  Volcanoes  about  Lake  Mono,  and  their 
relaium^  to  the  Glacial  Drift;  by  Joseph  LeConte. 

[Bead  before  the  National  Academy  of  Sdenoes,  April  16, 1879.] 

In  1870,  and  again  in  1872,  in  company  with  a  party  of  stu- 
dents and  graduates  of  the  University  of  California,  I  visited 
the  Mono  r^on.  But  on  both  occasions  my  attention  being 
specially  directed  to  the  study  of  the  ancient  glaciers,  I  exam- 
ined the  volcanoes  only  somewhat  cursorily.  In  1875  with  a 
similar  party  I  again  visited  the  same  region,  and  this  time 
remainea  longer  and  examined  more  carefully,  though  on  ac- 
count of  an  unfortunate  accident,  not  so  long  or  so  carefully  as 
I  desired.  I  have  put  oflF  from  year  to  year  the  publication  of 
the  results  of  my  observations  in  the  hope  of  again  visiting  the 
r^on  and  settling  some  doubtful  points  which  still  remained. 
There  seems  now,  however,  little  likelihood  that  I  shall  ever 
be  able  to  carry  out  my  intention,  for  other  questions  of  still 
greater  interest  have  in  the  meantime  engaged  my  attention. 
I  will  therefore  no  longer  withhold  my  impenect  ooservations, 
hoping  that  they  will  be  corrected  ana  extended  by  others. 

Oeneral  description  of  the  region, — Eastern  slope  of  the  Sierra. 
— As  already  explained  in  previous  papers,*  the  general  form 
of  the  Sierra  is  that  of  a  great  wave  ready  to  break  on  its  east- 
em  side.  It  rises  from  the  San  Joaquin  plains  by  a  gentle 
slope  which  extends  60  to  60  miles,  reaches  a  crest  18,000  feet 
hign,  then  plunges  downward  by  a  slope  so  steep  that  it  reaches 
the  plains  of  Mono  6000  ft  above  sea  level,  in  nve  or  six  miles. 
In  glacial  times,  long,  complicated  glaciers  with  many  tributa- 
ries occupied  the  western  slope,  while  on  the  east,  comparatively 
short  simple  glaciers  came  down  in  parallel  streams  and  ran 
far  out  on  the  level  plain  and  into  the  swollen  waters  of  Lake 
Mono,  which,  then  nearly  700  feet  above  its  present  level  and 
far  beyond  its  present  limits,  washed  against  the  base  of  the 
Sierra  itself.  There  can  be  no  doubt  that  these  glaciers  formed 
icebergs  which  floated  on  the  surface  of  the  great  inland  sea 
and  dropped  debris  over  its  bottom. 

The  Plains. — Surrounding  Lake  Mono  and  sloping  imper- 
ceptibly to  its  surface,  is  a  nearly  level  desert  plain,  covered 
with  volcanic  sand  interspersed  with  fragments  of  pumice  and 
obsidian,  and  overgrown  with  sage-brush  {Artemisia  trideniata). 
It  is  undoubtedly  an  old  lake  bottom,  subsequently  covered 
with  volcanic  ashes.  The  dreary  prospect  of  this  desert  is  re- 
lieved by  the  magnificent  irregular  Sierra  wall  trenched  with 
deep  cafions;  by  long  parallel  moraine  ridges  stretching  like 
arms  from  the  mouth  of  each  cafion,  five  or  six  miles  out  on 

*  This  Jotnrnal,  m,  ▼,  326,  1873;  z,  126,  1876;  zvi,  96,  1878. 
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the  level  plain,  and  bounding  the  pathways  of  ancient  glaciers; 
by  a  fine  cluster  df  recently  extinct  volcanic  cones  fifteen  to 
twenty  in  number  and  very  perfect  in  shape,  and  finally  by  the 
bright  waves  of  the  lake  studded  with  picturesque  islands. 

Moraines. — Some  of  the  parallel  moraines  which  form  so  con- 
spicuous a  feature  of  the  scene,  ^ecially  those  of  Bloody 
caflon,  I  have  already  described.*  S^rom  the  top  of  any  of  the 
higher  volcanic  cones,  many  others  may  be  seen  stretching  out 
upon  the  plain.  These  moraine  ridges  average  800  to  400  feet 
in  height  and  five  to  six  miles  in  length,  but  some  of  them, 
especially  those  at  the  head  of  Bush  Creek,  are  much  higher. 
The  view  of  glacial  moraines  here  presented  is  incomparably 
the  finest  I  have  ever  seen. 

Lake. — Lake  Mono  is  a  fine  sheet  14  by  10  miles  in  extent. 
There  being  no  outlet  the  waters  are  of  course  salina  It  is 
essentially  a  strong  solution  of  sodium  carbonate,  with  smaller 
proportions  of  lime  carbonate,  common  salt  and  borax.  To  the 
taste  it  is  simply  a  concentrated  solution  of  carbonate  of  soda. 
While  camping  on  its  margin  we  found  its  powerful  detergent 
property  very  useful  in  clothes-washing.  The  mineral  contents 
are  probably  partly  the  concentrated  leachings  from  the  vol- 
canic rocks  which  cover  the  whole  plains — ^the  alkaline  silicates 
of  these  rocks  being  changed  into  alkaline  carbonates  by  car- 
bonic acid  of  the  air — and  partly  contributed  by  springs  which 
issue  in  many  places  from  the  bottom  and  around  the  margins 
of  the  Lake,  and  were  probably  more  numerous  and  active  in 
former  times.  In  any  case,  the  lake  waters  are  now  but  the 
concentrated  residues  of  a  much  larger  body  of  water,  as  plainly 
shown  by  the  terraces  to  be  presentlv  described.  During 
the  process  of  concentration  the  less  soluble  lime  carbonate  has 
been  deposited  in  strange  irregular  masses  of  calcareous  tufa. 
These  curious  fungoid  and  coralloid  masses,  some  of  them  six 
to  ten  feet  in  height,  stand  up  thickly  on  the  level  shores  and 
in  the  shallow  marginal  waters  of  the  lake.  At  a  distance  they 
look  like  the  half-submerged  stumps  of  a  forest  of  gigantic 
trees.  This  carbonate  of  lime  deposit  is  evidently  identical 
with  the  thinolite  deposit  described  by  Kingf  as  occurring  in 
such  immense  quantities  about  the  residual  lakes  of  the  Nevada 
basin  farther  north,  and  which  as  he  shows  is  a  pseudomorph 
of  carbonate  of  lime  after  Gay-Lassite.  The  conditions  unaer 
which  the  deposit  took  place  about  Mono  are  probably,  how- 
ever, slightly  differ^it  from  those  in  Nevada,  and  I  believe 
throw  much  light  on  the  general  question  of  thinolite  deposits. 
It  deserves  careful  study  and  I  hope  to  take  it  up  in  a  subse- 
quent paper.  Farther  east,  near  Columbus,  Nevada,  in  the 
region  of  the  dried-up  lakes  left  at  the  extreme  southern  exten- 
*  This  Journal,  m,  y,  326.     f  Geol.  Exploration  40th  Parallel,  i,  608,  and  seq. 
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sion  of  King's  ancient  lake  Lahontan^  occur  remarkable  depos- 
its of  ulexite  (soda-lime  borate)  which  also  deserve  separate 
study. 

Terraces, — ^I  have  already  mentioned  the  terraces  about  Lake 
Mono.  Several  of  these  are  very  distinct  and  traceable  all 
around  the  lake.  But  they  are  seen  in  greatest  number  and 
most  distinctly  on  the  west  side,  where  the  lake  approaches  the 
Sierra  and  the  hills  rise  abruptly  from  the  lake-leveL  Five  or 
six  may  here  be  counted,  rising  one  above  the  other  like  level 
benches,  the  highest  being,  according  to  Whitney,  680  ft  high. 
These  terraces  are  undoubtedly  the  marks  of  old  lake  levels, 
and  show  not  only  a  former  greater  depth  but  also  a  much 
greater  extent  of  the  lake  waters.  The  highest  level  traced 
about  the  lake  would  reach  the  moraines  at  the  foot  of  the 
Sierra,  extend  beyond  the  plains  on  every  side,  and  enclose  an 
area  many  times  greater  than  the  present  lake*area.  There  can 
be  no  doubt  therefore  that  the  great  glaciers  of  that  time  ran 
into  the  lake  and  formed  icebergs. 

Islands, — ^Near  the  center  of  the  lake  there  is  a  group  of  vol- 
canic islands  in  direct  line  with  the  groups  of  volcanic  cones  on 
the  plains  to  the  south  and  doubtless  a  continuation  of  the 
same  line  of  volcanic  activity.  The  largest  of  these  islands  is 
about  2i  miles  long,  a  mile  wide  and  alSut  800  feet  high.  It 
is  composed  mainly  of  extremely  fine,  whitish  material,  beauti- 
fully and  very  finely  laminated,  the  diflFerently  colored  larainss 
being  ver^  distinct  and  scarcely  thicker  than  cardboard.  This 
material  is  spoken  of  by  Whitney*  as  volcanic  ashes.  Under 
the  microscope  it  proves  to  be  composed  wholly  of  diatom  shells 
with  only  an  occasional  grain  of  sharp  sand.  There  is  no  doubt 
therefore  that  it  was  deposited  very  slowly  in  calm  waters,  in 
the  middle  of  the  lake  and  beyond  the  reach  of  detritus.  The 
stratification  is  mostly  horizontal ;  only  in  two  or  three  places 
where  the  deeper  strata  are  exposed  on  the  cliflFs  by  the  action 
of  waves,  I  observed  a  slight  dip,  and  in  one  place  a  gentle  but 
distinct  aniicline^  showing  a  quiet  upheaval  oi  the  whole  mass, 
as  I  think^  by  volcanic  forces.  In  the  highest  parts  of  the 
island,  the  sort,  horizontally-laminated  earth  is  sculptured  by 
erosion  into  sharp  pinnacles  and  turrets  like  bad-laud  structure 
on  a  small  scale.  On  the  eastern  portion  of  the  island  a  con- 
siderable area  of  black  basaltic  rock  is  exposed,  but  this  is  no 
where  more  than  60  feet  high.  Where  the  diatomaceous  earth 
comes  in  contact  with  the  basalt,  the  former  always  overlies 
the  latter  in  undisturbed  horizontal  layers.  I  conclude  there- 
fore that  the  basalt  preceded  the  formation  of  the  diatomaceous 
mud,  was  once  entirely  covered  by  the  latter,  and  was  subse- 
quently exposed  by  erosion. 

*  GtooL  Survey  of  Oalifomia,  i,  453. 
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Steam  and  boiling  water  issue  in  many  places  in  this  rocky 

frtion  of  the  island  and  in  the  shallow  water  in  the  vicinity, 
observed  also  in  the  earthy  portion  crater-like  depressions, 
containing  a  little  saline  water,  which  were  probably  produced 
by  similar  f  umarole  action  now  extinct.  According  to  Whit- 
ney (p.  468)  two  distinct  true  craters  occur  in  the  basalt  on  the 
northeast  portion  of  the  island ;  but  these  I  did  not  see. 

The  other  and  much  smaller  islands  I  did  not  have  time  to 
visit,  but  according  to  Whitnev,  they  are  wholly  basaltic,  and 
the  largest  of  them  is  300  feet  high,  and  is  a  well-defined  vol- 
canic cone. 

The  general  conclusion,  at  which  I  arrived  from  my  examin- 
ation of  the  largest  island,  was  that  the  basaltic  portion  was 
first  formed  at  the  bottom  of  the  lake,  or  else  subsequently 
submerged ;  then  the  diatomaceous  mud  was  deposited,  cover- 
ing it  up  completely ;  then  the  fine  mud-bottom  was  raised 
into  an  antichne  and  exposed  as  an  island  bv  the  fall  of  the 
lake  level,  and  finally  erosion  sculptured  the  whole,  and  in  part 
exposed  the  anderlying  basalt 

Volcanoes  on  the  Plains. — We  have  Already  alluded  to  a  con- 
spicaous  group  of  volcanic  cones  situated  on  the  level  plain 
south  of  the  lake.  These  are  twenty  or  thirty  in  number, 
extending  in  a  line  from  near  the  margin  of  the  lake  to  a  dis- 
tance of  ten  to  fifteen  miles,  and  vary  in  height  from  200  to 
2,700  feet  above  the  plain.     Partly  from  the  recency  of  their 


extinction,  and  partly  from  the  small  rainfall  of  the  r^on,  they 
are,  some  of  them,  as  perfect  in  form  as  if  they  were  still  in 
action.  A  good  general  view  of  these  is  given  by  Whitney  in 
his  account  of  this  region.  The  typical  form  of  the  more  per- 
fect is  shown  in  fig.  1,  which,  though  intended  only  as  a  dia- 
gram, is  yet  a  tolerably  correct  outline  of  the  highest  and  most 
perfect  The  upper  part  a  is  a  light-colored  pumiceous  lava, 
and  the  lower  part  b  is  cdvered  with  sand  of  the  sama 

In  many  cases  I  observed  a  very  perfect  cone-and-rampart 
structure,  such  as  is  known  to  be  produced  by  great  eruptions, 
followed  by  smaller  ones ;  or  perhaps  in  some  cases  by  an  en- 
gulfment  of  the  crater  into  the  base  of  the  cone.  The  most 
perfect  example  of  this  kind  is  found  in  a  small  and  easily 
accessible  cone,   not  far  from  the  lake.    Fig.  2  is  an  ideal 
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Reotion  and  half  perspective  view  of  this  cone.  It  consists 
of  a  low  sand  cone  aoout  200  feet  hi^b,  with  a  perfect  circu- 
lar crater  one  and  a  half  to  two  miles  in  circumference, 
from  the  center  of  which  rises  a  trachytic  cone  and  crater  of 
much  smaller  dimensions,  to  about  the  same  height     From  the 


Band.  lAT*.  Baad. 


shattered  condition  of  the  inner  cone,  Mr.  Muir  suggested  to  me 
the  possibility  of  the  engulfment  pf  the  upper  rocky  portion 
into  the  lower  sandy  portion  of  a  once  much  higher  cone. 
But,  in  many  other  cases  observed,  this  explanation  is  evidently 
untenable ;  for  in  some  cases  we  found  several  small  cones  sur- 
rounded by  one  rampart  Such  could  only  be  formed  by  suc- 
cessive eruptions. 

The  material  erupted  by  these  volcanoes  is  in  some  cases 
basalt,  but  by  far  the  largest  amount  consists  of  feldspathic 
slags,  pumice  and  pumiceous  sands  and  ashes.  ,The  whole 
plains  of  Mono  are  covered  to  a  depth  of  many  feet  with  a 
nearly  white  volcanic  sand,  mingled  with  fragments  of  pumice 
and  obsidian.. 

Age  of  the  Mono  Volcanoes. — ^There  is  abundant  evidence  that 
these  volcanoes  have  been  active,  and  therefore  that  they  as- 
sumed their  present  forms  since  the  epoch  of  great  separate 
glaciers  in  this  r^ion  (Champlain).  Whether  they  also  existed 
and  erupted  previously  is  perhaps  doubtful  though  probable. 
The  evidences  of  the  extreme  recency  of  the  eruptions,  which 
determined  their  present  forms,  are  as  follows : 

1.  We  have  already  shown  the  splendid  scale  on  which 
glaciers  were  once  developed  in  this  region.  We  have  already 
given  reasons  for  thinking  that  they  ran  down  the  Sierra,  out 
on  the  plains  and  into  the  lake,  and  produced  icebergs  there. 
It  is  impossible  that  the  volcanic  cones,  if  they  then  existed, 
could  have  escaped  the  powerful  action  of  ice,  and  the  equally 
powerful  action  of  other  meteoric  agencies,  so  characteristic  of 
that  epoch,  which  must  have  entirely  destroyed  their  form. 
The  remarkable  perfection  of  their  conical  forms  and  of  their 
craters  is  therefore  strongly  presumptive  if  not  demonstrative, 
of  the  fact  of  their  eruption  since  the  disappearance  of  the 
glaciers. 

2.  All  the  streams,  which  run  from  the  Sierra  into  Lake 
Mono,  cut  into  the  level  plains  100  to  150  feet  deep.  Fine 
sections  of  the  materials  of  the  plains  are  thus  exposed.  Fig.  3 
is  the  upper  portion  of  such  a  section  about  eighty  feet  perpen- 
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dicular.  The  lower  portion  of  the  cliflF,  being  covered  up  by 
talus,  is  not  represented.  It  is  seen  that  nearly  the  whole  is  an 
ordinary  modified  drift,  composed  of  irregularly  stratified  sands 
and  clays,  cc,  intermingled  with  layers  of  pebbles  and  gravel, 
bb.  But  there  are  other  parts  that  deserve  more  special  notice. 
The  stratum  e  is  a  fine  light-colored  clay,  through  which  runs 

a  aeep  chocolate- brown 

lamina    scrolled    in    the 

__    __^^ most  complex  and  beau- 


tiful  pattern ;  the  stratum 
d  is  also  strongly  crum- 
pled. This  crumpling  and 
scrolling  of  the  strata 
_  could  have  been  pro- 
^^g  duced  only  by  a  glacier 
f  advancing  on  a  bed  of 
g  stratified  clay,  or  else  by 
the  pushing  of  icebergs 
I  on  a  stratified  lake  bot- 
tom. I  suppose  the  whole 
formation  except  a  to 
have  been  produced  by 
an  alternately  advancing 
and  retreating  glacier ; 
now  retreating  and  drop- 
ping material,  to  be  car- 
ried and  deposited  by 
the  river  which  flowed 
from  its  snout,  now  ad- 
vancing and  crumpling 
the  finer  material  of  the  lake  bottom.  It  may  be  difficult  to 
explain  the  details  of  the  process,  but  I  think  it  will  not  be 
doubted  that  the  whole  is  a  distinctly  marked  drift-deposit 
Many  other  similar  sections  were  observed  ;  some  of  which 
were  150  feet  thick. 

Now  covering  everywhere  this  undoubted  glacial  material  is 
found  a  layer  of  loose,  unstratified  volcanic  sand  and  pumice,  a, 
which  has  evidently  never  been  touched  by  the  action  of  water. 
It  is  a  pure  eolian  drift.  In  the  section  it  is  about  three  feet 
thick,  but  it  is  really  much  thicker,  as  it  thins  oflF  on  the  mar- 
gin of  the  perpendicular  cliflf  by  falling,  and  thus  contributes 
to  the  talus  at  its  base.  It  is  evident  that  the  whole  material 
of  the  section  was  deposited  during  glacial  times,  except  a, 
which  was  drifted  over  the  bared  lake  bottom  since  that  time. 
But  judging  from  the  immense  q^uantity  of  this  loose  material, 
covering  as  it  does  the  whole  plam  many  feet  deep,  it  seems  im- 
possible that  it  is  the  mere  result  of  disintegration  of  the  vol- 


a  =  unstratifled  yoloanic  sand. 
hh  =  pebble  and  grayel. 
cc  =  fine  sand  and  clay  stratified. 

d  =  strata  crumpled  by  moving  strata. 

e  =  strata  scrolled  by  same  agency. 
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canic  cones  in  recent  times.  I  suppose,  therefore,  that  it  is  the 
result  of  sand  and  ash  eruptions  since  the  recession  of  the  lake 
waters. 

8.  We  have  already  described  the  material  of  the  largest 
island  as  being  composed  wholly,  except  a  portion  of  the  eastern 
part,  of  a  fine  infusorial  earth,  horizontally  stratified  with 
laminsd  of  slightly  difierent  colors,  so  thin  as  to  give  specimens 
an  almost  agate-like  beauty.  This  material  was  evidently  depos- 
ited in  the  middle  and  deepest  part  of  the  lake,  beyond  the  reach 
of  coarser  sediments,  at  a  time  when  the  place  of  the  island  was 
still  a  lake  bottom.  Now,  that  this  occurred  during  or  after 
the  epoch  of  great  glaciers,  is  demonstrated  by  the  fact  that 
scattered  sparsely  through  this  fine  laminated  material,  and 
lying  on  its  surface,  having  been  washed  out  by  erosion,  I  found 
many  bowlders,  both  worn  and  angular,  of  Sierra  granite  and 
slate,  and  also  of  obsidian.  These  could  have  been  brought 
there  only  by  the  agency  of  floating  ice,  either  as  icebei^  or  as 
shore  ica  If  by  icebergs,  of  course  during  the  epoch  of  ^reat 
glaciers ;  if  by  shore  ice,  either  during  that  time  or  still  later, 
for  manifestly  the  bowlders  were  brought  down  to  the  shore 
from  the  Sierra  during  that  time.  It  is  evident,  therefore,  that 
the  stratified  mud  was  formed  and  the  bowlders  were  dropped 
during  the  period  of  great  glaciers  or  later.  But  still  later  the 
island  itself  was  upheaved  by  volcanic  action,  as  shown  by  the 
anticlinal  position  of  the  strata  at  the  base,  and  by  the  solfa- 
taric  action  still  going  on.  The  formation  of  this  island  I  sup- 
pose to  have  been  coincident  with  the  last  eruptions  of  the 
volcanoes  on  the  plains. 

4.  Within  the  craters  of  several  of  the  volcanic  cones  on  the 
plains,  I  found  pebbles  and  angular  fragments  of  granite  of  a 
peculiar  reddish  color  from  the  presence  of  a  rose-colored  feld- 
spar. Whitney  observed  the  same,  and  accounts  for  them  in 
the  following  manner:  They  could  not,  he  thinks,  have  been 
brought  by  glaciers  or  by  water,  for  this  is  inconsistent  with 
the  perfect  shape  of  the  cones.  He  rightly  concludes  therrfore 
that  they  mtist  have  been  ejected  from  the  volcanoes.  But  if  so, 
he  says,  "  they  mtist  have  been  torn  off  from  the  underlying  granite^ 
through  which  the  eruptive  matter  has  forced  its  way,  as  is  seen 
everywhere  in  the  Sierra"*  On  the  contrary,  I  account  for  them 
in  a  wholly  different  way.  The  fragments  which  I  saw  were 
some  of  them  angular — true ;  but  most  of  them  were  well-worn 
pdbles.  There  is  not  the  slightest  doubt  that  these  were  pebbles 
of  the  drifl'layer  which  everywhere  underlies  the  loose  sand  of  the 
plains.  The  eruptive  forces  broke  through  this  drift-layer,  and 
the  ejected  peboles  fell  back  into  the  crater.  They  demon- 
strate that  the  cones  and  craters,  where  they  are  found,  not  only 

*  GeoL  Sunrej  of  OaL  vol.  i,  p.  455. 
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erupted,  bat  were  whoUy  formed^  after  the  epoch  of  the  pebble 
drift 

I  think,  therefore,  there  can  be  no  doubt  that  all  of  these 
volcanoes  erupted,  and  many  of  them  were  wholly  formed  after 
the  epoch  of  great  glaciers  (Ghamplain).  Whether  any  of 
them  preceded  that  epoch  is  doubtful.  I  have  never  seen  any 
undoubted  evidence  that  they  did.  If  the  bowlders  found  on 
the  island  were  carried  there  by  icebergs,  then  volcanic  action 
preceded  the  epoch  of  icebergs,  for  many  of  the  fragments  are 
volcanic ;  but  they  may  have  been  carried  by  shore  ice  at  a 
later  time.  Again,  I  believe  the  rocky  part  of  the  island  is 
older  than  the  sedimentary  part,  for  the  latter  seems  to  have 
been  deposited  on  the  former.  If  the  sedimentation  was  Cham- 
plain,  then  the  rocky  part  was  probably  pre-glacial ;  but  the 
sedimentation  may  have  been  later. 

Seqtience  of  Events, — Assuming  that  the  island  strata  belong 
to  the  epoch  of  great  glaciers,  then  the  order  of  events  was 
something  like  this : 

1.  Volcanic  eruptions '  on  the  plains  producing  obsidian, 
fragments  of  which  were  afterwards  carriea  by  ice  and  dropped 
in  mid-lake.  At  the  same  time  also,  the  basaltic  part  of  the 
islands  was  formed. 

2.  Then  followed  the  period  of  great  glaciers  and  flooded 
lakes,  or  Ghamplain  epoch.  The  lake  was  nearly  700  feet  higher 
than  now.  Its  waters  covered  the  whole  plains  and  washed 
against  the  Sierra;  and  glaciers  from  this  range  ran  far  into 
the  lake  and  formed  iceoergs,  which  floated  over  its  surface 
and  dropped  rock-fragments  over  its  fine  mud  bottom. 

8.  Volcanic  forces,  acting  quietly  like  the  solfataras  and  fuma- 
roles  still  existing,  heaved  up  the  stratified  mud-bottom  of  the 
mid-lake  into  a  gentle  mound  with  quaquaversal  dip  of  the 
strata,  but  not  rising  to  the  surface.  Coincident  with  this  were 
the  eruptions  of  the  plains  volcanoea 

4.  The  lake  then  dried  away  gradually  to  its  present  level, 
leaving  the  terraces  as  its  old  flood-marks,  and  exposing  the 
round^  mud-island ;  and  erosive  agents  then  sculptured  this 
into  its  present  turreted  form  and  cut  away  its  margin  to  its 
present  limits,  and  exposed  the  mud -covered  older  basaltic 
part 

Lake  rising iocgatn. — ^The  existence  of  salt  and  alkaline  lakes 
shows  an  extreme  dryness  of  climate.  But  the  climate  of  the 
desert  region  has  not  always  been  dry.  During  the  Champlain 
epoch  the  interior  plains  were  covered  with  immense  sheets  of 
water,  of  which  the  present  saline  lakes  are  the  isolated  resi- 
dues. Gilbert  has  shown  that  at  that  time  Great  Salt  Lake  con- 
tained 400  times  as  much  water  as  now,  and  that  it  drained 
northward  through  the  Snake  and  Columbia  Bivers  into  the 
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Pacific  ocean.  King  has  shown  that  the  Nevada  basin  was  at 
the  same  time  occupied  by  a  vast  irregular  sheet  of  nearly 
equal  extent,  stretching  southward  as  far  as  Columbus,  Nevada. 
Pyramid,  Winnemucca,  Carson,  Humboldt,  and  Walker  Lakes, 
are  the  concentrated  residues  of  this  great  laka  Lake  Mono  also, 
we  have  seen,  at  the  same  time,  was  a  great  sheet  of  water, 
whether  connected  with  the  other  or  not  is  not  known.  .  There 
has  been  therefore  an  increasing  dryness  of  climate  in  that  re- 
gion since  the  Champlain.  Is  it  still  progressing,  or  has  it 
reached  its  maximum  ?  This  is  an  important  question  for  the 
Pacific  States. 

From  my  observations  on  Lake  Mono,  I  have  no  doubt  that 
its  level,  at  the  time  of  my  visit,  was  rising  and  had  been  rising 
for  ten  or  fifteen  years.  The  evidence  is  as  follows :  Around 
the  margin  of  the  lake  I  found  everywhere  old  fences  of  sheep 
corrals  and  old  trails  submerged  many  feet  deep.  While  visit- 
ing the  island  I  found  the  v^etation  of  the  island,  sage  brush 
{Artemisia  tridentata\  and  grease  wood  {Sarcobattis  vermicu- 
latus)y  submerged  in  five  feet  of  water,  and  of  course  killed. 
Besidents  about  the  lake  state  that  the  waters  have  risen  ten  to 
twelve  feet  in  ten  or  fifteen  years.  I  might  be  disposed  to 
doubt  these  observations  if  the  same  phenomena  had  not  been 
observed  in  other  lakes  in  the  same  dry  region.  Salt  Lake  is 
known  to  have  risen  ten  to  fourteen  feet  in  twenty  five  years 
and  submerged  large  tracts  on  its  fiat  margins,  and  the  water  by 
analysis  is  rar  less  salt  than  formerly.  Pyramid  Lake,  accord- 
ing to  King,  has  risen  nine  feet,  and  Winnemuoca  Lake  twenty- 
two  feet  in  only  four  years — 1867-1871.  The  same  is  said  to 
be  true  of  Walker  Lake  and  of  Owen  Laka 

The  cause  of  this  is  evidently  increase  of  rain-&ll  and  snow- 
fall, chiefiy  the  latter.  In  this  connection  it  may  be  well  to 
mention  an  additional  evidence  of  increasing  snow-fall  in  the 
Sierra.  I  have  in  a  previous  paperf  drawn  attention  to  a  mov- 
ing snow-field,  or  rather  an  imperfect  glacier^  occupying  the 
great  cirque  at  the  top  of  Mount  Lyell,  the  feeble  remnant  of 
the  great  Tuolumne  glacier  of  glacial  times.  At  the  foot  of 
this  glacieret  there  is  as  perfect  a  terminal  moraine  as  ever  was 
seen.  It  is  a  crescentic  pile  of  rock  fragments  twenty  feet  high, 
fifty  feet  wide  at  base,  and  about  a  mile  long.  The  fragments 
were  brought  down  by  the  moving  ice  from  the  vertical  cliffs 
of  the  cirqua  Many  similar  fragments  are  seen  lying  on  the 
glacier  on  their  way  to  the  moraine,  and  in  various  stages  of 
advance.  Now  not  only  does  this  moraine  show  no  signs  of 
being  left  by  a  retreating  glacier,  but  on  the  contrary  I  think  it 
shows  signs  that  the  ice  is  advancing.  For  the  snout  of  the 
glacieret  is  not  only  pressed  hard  against  the  moraine  but  the 
*  ThiB  Journal,  m,  ▼,  326. 
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outer  slope  of  the  moraine,  when  I  saw  it,  in  1872,  was  jast  at  the 
limit  of  stability — the  least  disturbance  caused  the  fragments  to 
roll  down.  It  would  seem  therefore  that  the  moraine  is  being 
pushed  slowly  forward.  Whether  the  same  is  true  still  I  know 
not.* 

King,  in  his  recent  volume  on  Systematic  Q-eology,  already 
referred  to,  has  drawn  attention  to  still  other  evidence  of  snow 
advance  in  the  high  Sierra.  According  to  him,  above  the  tim- 
ber belt,  there  is  a  comparativelv  bare  region  of  one  thousand 
feet  vertical,  on  which  for  ages  there  has  been  too  much  winter 
snow  to  allow  the  growth  of  timber.  In  the  timber  region  bor- 
dering the  bare  region  there  are  many  trees  which  have  two 
hundred  and  fifty  annual  rings.  These  trees  have  therefore 
been  growing  securely  for  two  hundred  and  fifty  years.  But 
since  1860  the  snow  has  so  advanced  upon  the  timber  r^on 
that  these  great  trees  are  being  destroyed  by  avalanches.  It 
would  seem  therefore  that  not  only  has  there  been  recent  ad- 
vance, but  that  it  is  the  first  advance  for  two  hundred  and  fifty 
yeara 

The  rise  of  the  lakes  in  the  desert  region  is  ther^ore  un- 
doubtedly the  result  of  a  climatic  cycle.  But  whether  the  cycle 
be  a  long  or  a  short  one ;  whether  it  be  a  geological  cycle  of 
increasing  snow-fall — a  turn  of  the  cycle  of  dryness  which,  com- 
mencing after  the  Champlain  epoch,  culminated  in  the  present 
arid  condition  of  the  desert  region— or  whether  it  be  only  a 
climatic  fluctuation  of  short  duration,  and  of  which  thwefore 
geology  takes  no  account,  such  for  instance  as  may  be  supposed 
to  be  connected  with  the  sun-spot  cycle,  it  is  impossible  with 
certainty  to  determine  without  observations  extending  through 
a  much  longer  period  of  time.  I  have  hitherto  been  disposed 
to  think  the  latter  more  probable,  but  King's  observations  on 
destruction  of  trees  by  avalanches,  would  seem  to  point  to  the 
probability  of  a  long  cycle. 

*  King,  in  his  recent  volume  on  Systematic  Geology  of  the  40th  parallel,  p.  4t7, 
says  that  all  Mr.  Hair's  living  glaciers  of  the  Sierra  are  only  moving  snow-fields 
well  known  to  the  Oalifomia  surveyors.  He  then  quotes  Agassiz  defining  the 
distinction  between  such  moving  nev^  or  snow-fields  and  true  glaciers.  This  dis- 
tinction according  to  Agassiz  consists  in  the  ability  to  bear  rode  fragments  on  its 
bosom  and  thus  to  form  a  moraine.  Now,  it  is  but  Justice  to  Mr.  Muir  to  say 
that  the  ice  in  the  Lyell-Oirque  does  bear  large  rock  fragments  on  its  surface  and 
accumulates  them  at  its  lower  limit  as  a  perfect  terminal  moraine.  Recognizing, 
however,  the  fact  that  this  ice  mass  does  not  emerge  from  its  native  cirque,  I 
have,  in  my  paper  on  "  Ancient  Glaciers  of  the  Sierra"  (this  Journal  v,  325), 
oalled  it  a  Glaeieret. 

Berkeley,  California,  March  1,  1879. 
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Art.  V. — On  the  Mineral  Locality  in  Fairfield  Oounty,  Connec- 
ticut; by  George  J.  Brush  and  Edward  S.  Dana.  Third 
paper. 

In  the  present  paper  we  purpose  giving  an  account  of  the 
results  of  our  exploration  of  the  Branchville  locality  during  the 
past  year,  so  far  as  they  relate  to  the  manganesian  phosphates. 
In  our  preceding  papers,*  we  have  confined  ourselves  almost 
exclusively  to  the  original  body  of  phosphates  exploited  by  Mr. 
Mllow ;  we  having  mentioned  in  addition  only  tne  occurrence 
of  a  single  small  deposit  of  lithiophilite.  When  we  first 
opened  the  locality,  our  hope  was  to  rediscover  the  body  of 
minerals  from  which  the  specimens  preserved  l^y  Mr.  Fillow 
had  been  obtained.  Our  success  in  this  was  quite  indifferent ; 
we  did,  indeed,  find  the  spot  aimed  at,  and  took  from  it  a  small 
quantity  of  the  minerals  in  which  we  were  interested,  but  it 
was  soon  clear  that  this  deposit  was  exhausted,  and  we  must 
look  farther  for  other  and  independent  ones.  Having  but  little 
to  guide  us  in  our  explorations,  we  extended  them  quite  widely 
in  the  seemingly  most  probable  directions  and  expended,  in 
time  and  money,  more  tnan  our  final  success  woula,  perhaps, 
have  warranted.  We  discovered,  however,  manv  interesting 
points  in  regard  to  the  minerals  occurring  in  the  vein  as  a 
whole,  which  we  intend  to  describe  in  another  paj)er. 

Litkiophilite. — As  regards  the  phosphates,  the  mineral  lithio- 
philite has  been  proved  to  exist  in  considerable  quantities.  It 
occurs  usually  not  in  lar^e  deposits,  but  in  smgle,  isolated 
masses,  from  the  size  of  a  cherry  to  others  several  inches  across. 
The  method  of  occurrence  is  quite  uniform.  The  masses  are 
irregular  in  shape,  sometimes  rounded,  sometimes  angular,  and 
interpenetrating  the  associated  minerals  in  the  most  intimate 
manner.  These  associated  minerals  are  more  particularly  feld- 
spar, usuallv  albite,  and  spodumene.  The  latter  mineral  is  very 
generally  altered,  and  the  various  products  of  its  alteration, 
of  wbicn  cymatolite  is  the  most  common,  we  shall  describe  in 
another  place.  The  lithiophilite,  however,  though  often  coated 
black  externally,  is  otherwise  quite  free  from  alteration ;  the 
only  exception  to  this  was  in  the  case  of  that  first  discoverer], 
which  was  situated  near  the  surface  of  the  ledge  and  was  much 
oxidized.  It  will  be  remembered  that,  in  what  we  have  allu- 
ded to  as  the  original  deposits  of  phosphates,  the  lithiophilite 
occurred  very  sparingly  and  onl^  as  an  occasional  nucleus  of 
masses  of  the  abundant  black  mineral,  the  product  of  its  alter- 
ation. This  is  described  in  our  preceding  paper,  and  analyses 
of  these  oxidation  products  are  there  given. 

♦  This  Journal,  July  and  August,  1878,  May,  1879. 
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The  lithiophilite  of  which  we  are  now  speaking  has,  in  al- 
most all  cases,  the  salmon  color  of  that  first  described.  In  one 
specimen  the  amount  of  iron  was  determined  by  Mr.  Penfield 
and  found  to  be  but  8*56  per  cent  The  lithiophilite  some- 
times contains  imbedded  rhodochrosite.  Other  constantly  asso- 
ciated minerals  are:  apatite,  garnet,  uraninite  in  brilliant 
black  octahedrons,  uranium  phosphates,  and  a  silicate  contain- 
inguranium,  near  oyrtolite,  all  of  which  will  be  described  later. 

The  lithiophilite  was  the  only  mineral  of  the  manganesian 
phosphate  group  found  in  these  small,  isolated  deposits.  A 
larger  mass  finally  reached,  however,  gave  us  another  variety  of 
this  mineral,  and  also  several  of  the  other  species.  This  mass 
was  of  so  peculiar  a  nature  as  to  deserve  a  somewhat  minute 
description.  It  aflforded  first,  for  the  most  part,  only  lithiophi- 
lite, but  of  a  diflferent  color  from  ihat  before  obtained,  and  of 
slightly  different  composition  as  shown  by  the  analysis  given 
on  p.  47.  Closely  associated  with  the  lithiophilite  was  a  con- 
siderable amount  of  a  granular,  often  also  cellular,  mangane- 
sian carbonate,  rhodochrosite.  This  was  quite  impure,  often 
containinginterpenetrated  crystals  of  white  apatite,  and  also 
quartz.  With  the  lithiophilite  and  rhodochrosite,  are  small 
quantities  of  eosphorite  and  triploidite  and  traces  of  dickinson- 
ite ;  we  were  interested  in  finding  hand  specimens,  showing  all 
these  phosphates  together,  entirely  free  from  alteration,  and  in 
such  a  juxtaposition  as  to  seem  to  prove  a  contemporaneous 
origin.  Crystallized  out  in  cavities  in  the  rhodochrosite  and 
again  in  thin  seams  or  strings  through  it  was  a  reddish-brown 
mineral  which  proved  to  be  chabazite. 

Immediately  connected  with  the  minerals  described,  was  a 
large  mass  of  a  green  chloritic  mineral,  of  which  we  took  out 
some  hundred  pounds ;  this  we  describe  minutely  on  a  subse- 
(juent  page  Its  especial  interest  lay  in  the  intimate  manner 
in  which  it  was  associated  with  the  minerals  just  mentioned. 
This  is  particularlv  true  of  the  eosphorite,  which  was  scattered 
irregularly  through  it  in  nodules  of  great  variety  in  shape  and 
size.  These  nodules  have  often  a  banded  coating  of  a  firm 
whitish  substance,  which  may  have  been  derived  from  the 
alteration  of  the  original  mineral,  and  which  entirely  conce^ 
the  eosphorite  within. 

Having  given  this  general  description  of  the  method  of 
occurrence  of  these  minerals,  we  will  now  proceed  to  describe 
some  of  them  more  minutely. 

Lithiophilite. 

We  have  already  stated,  that  almost  all  of  the  lithiophilite 
discovered  was  similar  in  its  salmon,  and  salmon-pink  color, 
and,  as  far  as  tested,  in  composition,  to  that  described  in  our 
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first  paper ;  in  other  words,  it  contains  from  three  to  four  per 
cent  of  iron  protoxide.  The  lithiophilite,  associated  with  the 
green  chloritic  mineral,  has  a  light  clove-brown  color.  It  has 
a  brilliant  luster  and  is  clear  and  transparent.  The  specific 
gravity  is  8*482.  An  analysis*  by  Mr.  S.  L.  Penfield,  afforded 
the  following  results : — 

1.  Mean.  Atomic  relation. 

•636 
=  •631 

=  •628 


100-26 

The  ratio,  P :  R :  R=  -686 :  '681 :  -628,  corresponds  very  closely 
with  the  formula  previously  accepted, 

I  n  I  n 

BRPO4  or  R,P04  +  BsPsOfl. 

It  will  be  observed  that  the  amount  of  iron  in  this  variety  of 
the  mineral  is  considerably  greater  than  in  that  first  described 
and  alluded  to  above.  This  result  is  not  surprising,  and  indeed 
was  anticipated  from  the  color  of  the  specimen.  Mr.*  Penfield, 
in  the  article  referred  to,  has  brought  together  the  analyses  of 
several  varieties  of  triphylite  and  the  two  of  lithiophilite,  and 
thus  shows  the  gradations  between  the  two  species.  The  one 
extreme  is  the  Bodenmais  triphylite  with  86-21  p.  c.  FeO,  and 
8*96  p.  c  MnO,  and  the  other  the  original  lithiophilite,  with 
4-02  p.  a  FeO,  and  40*86  p.  c.  MnO.  The  relation  between 
these  two  minerals,  is  closely  analogous  to  that  existing  between 
the  iron  and  manganese  carbonates,  siderite  (FeCOg),  and  rho- 
dochrosite  (MnCOg).  There  is  the  same  similarity  in  physical 
characters,  the  most  pronounced  diflference  being  here  as  there 
in  the  color,  so  that  the  necessity  of  giving  the  two  minerals  of 
the  triphylite  group  distinct  names  cannot  be  questioned. 

EOSPHORITE. 

The  eoephorite  we  have  spoken  of  as  forming  nodules  im- 
bedded in  the  massive  green  chloritic  mineral.  It  occurs  onlv 
massive,  but  shows  the  characteristic  cleavage  distinctly  and  is 
clear  and  lustroua  The  color  is  a  beautiful  pink,  sometimes 
quite  deep.  The  specific  gravity  is  8*11.  An  analysis  by  Mr. 
Horace  L.  Wells  gave  the  following  results : — 

*  This  analjBiB  has  already  been  published  by  liCr.  Penfield  in  an  article  on  the 
composition  of  triphylite;  this  Journal,  March,  1879. 
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Batlo. 


P.O. 

31-39 
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•221 

1-06 

AlO, 
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*208 
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FeO 

6-62 

FeO 

-323 

MnO 

22-92 

MnO 

•092  . 

2-12 

CaO 

1*48 

CaO 

•026 

H,0 

16-28. 

H,0 

•849 

4-04 

Insol. 

1*46 

100-49 

The  ratio  of  PjOj :  AlOg :  RO :  H,0  is  very  nearly  1 : 1 : 2 : 4  or 
that  given  in  our  former  paper,  and  upon  whicn  the  formula 
was  based,  viz : — 

B,^PsOi«,  4HsO  or  iklP,08  +  2H,(Mn,Fe)Os  +  2aq. 

The  Gbeen  Mineral. 

The  larger  part  of  this  deposit  consisted,  as  already  stated, 
of  a  soft  green  compact  mineral,  varying  in  tint  from  light 
gr'^yish  and  yellowisn-green  to  dark  blackish-green.  Luster 
dull  to  greasy.  Hardness  =  2*5.  Specific  gravity  of  the  purest 
portions  =  2*85  to  2*89.  This  material  was  exceedingly  im- 
pure, containing,  imbedded  in  it,  the  feldspar  and  mica  of  the 
vein,  also  q^uartz,  apatite,  chabazite,  as  well  as  the  phosphates, 
most  conspicuously  among  these,  the  eosphorite.  It  was  pos- 
sible, however,  to  obtain  small  hand  specimens  showing  the 
green  mineral  in  a  state  of  comparative  purity.  A  series  of 
ten  thin  sections  was  prepared  from  specimens  which  appeared 
most  homogeneous,  and  these  were  carefully  examined  under 
the  microscope.  It  was  found  from  them,  that  the  substance 
was,  for  the  most  part,  fine  granular  and  crypto-crystalline,  but 
that  numerous  quartz  grains  and  apatite  ne^les  were  scattered 
through  it  The  crypto-crystalline  ground-mass  could  not  be 
resolved  under  the  microscope  and  had  every  appearance  of 
homogeneity,  but  it  would  be  unsafe,  considering  the  nature  of 
the  suDstance,  to  assert  this  positively.  In  any  case  the  pres- 
ence of  distinct,  though  microscopic  impurities,  makes  it  quite 
hopeless  to  think  of  obtaining  a  definite  chemical  composition. 

A  specimen  aspure  as  we  were  able  to  obtain,  has  been 
analyzed  by  Mr.  Horace  L.  Wells  with  the  following  result : — 
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It  is  evident  from  the  above,  independent  of  the  micro- 
scopic examination,  that  the  substance  analyzed  is  not  a  simple 
mineral.  If  we  assume  the  8*84  per  cent  of  phosphoric  acid  to 
be  combined  with  sufficient  lime  to  form  the  mineral  apatite, 
and  deduct  this  amount  and  also  the  insoluble  matter,  we  have  a 
remainder  of  75*19  per  cent,  which  when  calculated  to  the  orig- 
inal amount  gives  tne  following  composition : — 


SiO, 

27-43 

MgO 

6-87 

^10, 

19-42 

CaO 

0-95 

yeo. 

3-64 

Na,0 

0-68 

FeO 

25-89 

K,0 

0-12 

MnO 

2-94 

H,0 

11-70 

99-54 

It  is  scarcely  admissible  to  attempt  a  formula  for  a  substance 
which  is  so  evidently  a  mixture,  but  we  believe  the  results 
indicate  that  the  green  mineral  is  uncjuestionabl^  a  variety  of 
chlorite.  The  anayrsis,  excluding  apatite  and  the  msoluble  resi- 
due, brings  the  composition  very  near  that  of  delessite  and  pro- 
chlorite.  Its  physical  characters,  also,  confirm  its  claim  to  be 
referred  to  the  chlorite  group. 

The  mineral  gives  water  m  the  closed  tube,  and  B.  B.  fuses 
to  a  black  magnetic  mass ;  with  the  fluxes  it  reacts  for  silica, 
iron  and  manganese.  Spluble  in  hydrochloric  acid  with  sepa- 
ration of  silica,  and  an  insoluble  residue  which  was  separated 
from  the  silica  by  solution  of  the  latter  in  boiling  carbonate  of 
soda.  The  insoluble  residue  proved  to  be  a  silicate  of  alumina, 
possibly  cymatolite  which  occurs  at  the  locality  in  great  abun- 
dance. 

Chabazite. 

This  species  occurs  of  a  dark  yellowish  to  reddiA  brown 
color,  in  irregular  masses  disseminated  through  cjuartz,  and 
sometimes  imbedded  directly  in  the  green  chloritio  mineral, 
and  also  in  the  massive  manganesian  carbonate  occurring  with 
the  lithiophilite.  A  few  small  crystals,  i  to  ^  inch  over,  were 
found  in  cavities.  This  singular  mode  of  occurrence,  in  irreg- 
ular spots  and  strings  imbedded  in  other  species,  was  so  unlike 
the  ordinary  association  of  chabazite,  that  we  could  scarcely 
credit  its  being  this  species,  although  the  pyrognostic  charac- 
ters, rhomboh^ral  form  (RaR=96  45^),  density,  hardness  and 
other  physical  characters  plainly  indicated  its  specific  relations. 
The  analysis  given  below,  however,  renders  its  identification 
with  chabazite  complete ;  this  analysis  was  made  by  Mr.  Penfield 
on  the  purest  material  which  could  be  obtained.  It  was  found 
impossiole  to  separate  it  entirely  from  the  cjuartz. 

The  chabazite  has  a  vitreous  to  sub-resmous  luster.      The 
hardness  is  4*6  and  the  specific  gravity  is  2*16. 
Am.  Joub.  Sci.— Third  Sbbies,  Vol.  XVIII,  No.  103.— July,  1879, 
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An  analysis  of  a  carefully  selected  specimen  by  S.  L.  Pen- 
field  gave 

SiUoa  49-22 

Alumina  17*58 

Iron  sesquioxide  1*99 
Manganese  protoxide     0*66 

Lime  6*73 

Potash  2*83 

Soda  1*44 

Water  17*83 

QuartB  2*78 


100*96 

Rhodoohbosite. 

It  will  be  seen  from  what  has  been  said  in  this  and  in  our 
first  paper,  that  rhodochrosite  is  a  very  common  mineral  in  its 
association  with  the  phosphates.  In  the  first  deposit  it  occurred 
sometimes  in  specimens  of  large  size  with  the  characteristic 
color  and  cleavage  (RaR  =  106®  49^),  and  again  in  granular 
aggregates  interpenetrated  with  quartz,  and  often  taking  a 
greenish  color  from  the  dickinsomte.  It  also  appears  altered 
to  a  black,  highly  lustrous  mineral,  containing  only  the  oxides 
of  iron  and  manganese. 

In  the  deposits  which  form  the  special  subject  of  this  paper, 
the  rhodochrosite  occurs  first  of  a  pink  color  implanted  in  the 
lithiophilite  and  hardly  to  be  distinguished  from  it  except  by 
its  cleavage ;  and  again  in  large  masses  of  a  white  or  faintly 
pink  color,  granular  texture,  and  made  very  impure  from  the 
admixture  of  quartz  and  apatite.  This  variety  of  the  mineral 
occurs  with  the  clove-brown  lithiophilite  and  the  green  chloritic 
mineral,  and  contains  in  cavities  crystals  of  quartz,  apatite  and 
chabazite.  We  add  here  an  analysis  by  Mr.  S.  L.  Penfield, 
of  the  first  discovered  rhodochrosite;  specific  gravity  =  876. 

Batto. 

•E59  1 

•233) 

•628  }.  -867  1 

•006) 


99-88  99*70  9980 

The  variation  in  color  of  the  mineral  implies  that  the  com- 
position varies  widely,  which  would  doubtless  be  shown,  could 
analyses  of  diflferent  varieties  be  made.  The  interest  connected 
with  the  subject  is,  however,  small,  although  the  large  amount 
of  iron  present  is  worthy  of  note. 


I. 

11. 

UWL 

C0>            37.78 

37-80 

37-80 

FeO           16-74 

16-78 

1676 

MqO          44*68 

44-50 

44-69 

CaO             0-33 

0-33 

0-33 

MgO              tr. 

tr. 

«r. 

Insoluble    0-35 

0-29 

0-32 
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Art.  VL — Note  on  the  Progress  of  Experiments  for  comparing  a 
Wave-length  with  a  Meter  ;  by  0.  S.  Pbirob.  Communicated 
by  the  Superintendent  of  the  TJ.  S.  Coast  and  Geodetic 
Survey. 

To  0.  P.  Pattbbson,  Saperintendent  TJ.  S.  Coast  and  G^oodetio  Survey: — 

DsAB  Sir — The  following  is  the  present  state  of  the  spec- 
trum meter  business.  The  deviation  of  a  spectral  line  ( V  an 
der  Willigen's  No.  16)  has  had  three  complete  measures  using 
a  certain  gitter  of  840i  lines  to  the  millimeter.  The  double 
deviation  (the  angle  measured)  was  found  to  be 

1877.  June  23,  89°  54'  19^-5 

June  29  and  July  2,  19*25 

Sep.  4  and  Aug.  27,  19*65 

Mean,  89**  54'  19^*5 

An  error  of  04"  in  this  would  occasion  an  error  of  one  mi- 
cron in  the  meter.  These  measures  were  previously  commu- 
nicated to  you,  but  owing  to  an  erroneous  value  of  the  coeffi- 
cient of  expansion  of  glass  having  been  used  (the  value  for 
iron  having  been  inadvertently  substituted)  they  did  not  seem 
to  agree  as  well  as  they  do.  There  were  two  other  complete 
measures,  but  in  regard  to  one  of  them  ther^  is  a  doubt  about 
the  thermometer  used,  and  in  regard  to  the  other  there  is  a 
doubt  about  the  part  of  the  line  set  on.  This  line  seems  on  the 
whole  to  be  a  bad  one  for  the  purpose.  Another  line  near  it 
was  therefore  selected  and  another  much  finer  gitter.  The 
deviations  obtained  were  on  the  diflferent  days : 

1879.  May  8,     90*  08'  51'*7  May  15,     90*^  03'  5035 

May  9,  ^  51-76  May  21,  51*76 

May  10,  52*0  May  22,  51-2 

Mean,     90°  03'  51'*45 

Notwithstanding  the  bad  resaltof  May  15,  which  is  unaccoupt- 
able,  these  measures  are  evidently  good  enough.  One  of  these 
gitters  has  been  compared  with  all  the  centimeters  of  a  deci- 
meter scale  of  centimeters.  The  other  is  still  to  be  compared 
with  all  the  even  two  centimeters  of  the  same  scala 

Mr.  Chapman  is  now  comparing  this  decimeter  scale  with  all 
the  decimeters  of  a  meter  scale  of  decimeters.  As  soon  as  that 
is  done  a  meter  will  have  been  compared  with  a  wave-length. 
But  shortly  after,  this  will  be  improved  by  comparing  the  other 

Sitter  and  also  a  third  upon  which  I  propose  to  measure  a 
eviation.  It  will  remain,  first,  to  find  the  coefficient  of  expan- 
sion of  the  glass  meter.  The  apparatus  is  all  ready  for  this  and 
it  will  not  take  a  fortnight  Second,  the  glass  meter  will  have 
to  be  compared  with  a  brass  meter.  This  will  be  an  operation 
of  some  difficulty  but  I  think  we  shall  complete  it  before  long. 
Yours  respectfully,  C.  S.  rEiRCE,  Assistant. 
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Art.  VIL — Notice  of  recent  Additions  to  the  Marine  Fauna  of  the 
Eastern  Coast  of  North  America,  No.  6 ;  by  A.  E.  Vebrill. 
Brief  Contributions  to  Zoology  from  the  Museum  of  Yale  College. 
No.  XLm. 

POLYZOA. 

Bugula  decorata^  sp.  nov. 

Zoarium  rather  large  with  thick,  much  branched  stems,  pro- 
ducing densely  branched,  somewhat  plumose  tufts,  .two  inches 
or  more  high.  Branches  unequally  aichotomous,  often  some- 
what spirally  arranged.  Zooecia  in  two  alternating  rows,  large, 
broad,  prolonged  proximally.  Frontal  area,  large,,  elongated, 
sunken  and  wrinkled  in  the  dry  stata  The  distal  angles  are 
prolonged  into  a  single  stout,  often  short  spine  on  each  side, 
frequently  absent  on  the  inner  angle.  Avicularia  on  the  mid- 
dle of  the  fi^ont  side  of  the  zooecia,  toward  the  base ;  they  have 
a  short,  broad,  swollen  head,  with  a  short  strongly  curved 
beak ;  the  pedicels  are  short  and  thick,  rapidlj  enlarged  from 
the  base  upward.  Ocecia  large,  globose,  brilhantlv  iridescent, 
elegantly  sculptured,  with  a  series  of  raised  curvea  lines  pass- 
ing up  over  each  side  and  converging  to  the  middle  of  front 
side,  while  their  concave  interspaces  are  covered  with  micro- 
scopic transverse  lines.  Dredged  at  EaStport,  Me.,  by  the  wri- 
ter, and  also  in  the  Gulf  of  Maine,  110  fathoms,  near  George's 
Bank,  by  Dr.  A.  S.  Packard  and  Mr.  C.  Cooke,  in  1872  (U.  S. 
Fish  Com.).  The  other  species  of  Bugula  found  on  the  New 
England  coast  are  as  follows : 

Bv^ukb  cucuUata^  sp.  nov.  Off  Maine.  Remarkable  for  the 
small,  hood-like,  upturned  ooecia,  widely  open  in  front  ZocBcia 
in  two  rows ;  usually  two  spines  on  each  angle ;  avicularia  lateral. 

Bugula  turrita  (Desor^  Verrill.    Florida  to  Casco  Bay. 

Bugula  avicularia  (L.)  Oken.    Long  L  Sound  to  Spitzbei^en. 

Bugula  fastigiata  (L.)  Alder  (=  B.  plumosa  BUsk).  Mass. 
Bay  to  Labrador;  Europe.    Perhaps  a  variety  of  the  last. 

jbugula  fiustrckdes  (Lamx.)  (=  B.  Jlabellata  Gray).  Long  L 
Sd.  to  Maine ;  Europe. 

Bugrda  Murrayana  Busk.    Long  L  Sd.  to  Europe. 

B.  Murrayana^  var.  fruticosa  (Packard). 

Bugula  Jlexilis  Verrill  and  Bugula  urnbeUa  Smitt,  belong  to 
the  senus  Kinetoshias  Dub.  and  Kor.  Both  occur  in  deep  water 
off  Maine  and  Nova  Scotia. 

Notwithstanding  the  very  numerous  restrictions  which  the 
ancient  genus  Cellularia  has  undergone,  it  is  still  made  to  in- 
clude heterogeneous  species  by  several  recent  writers,  while 
others  restrict  it  to  groups  not  originally  included  by  Pallas. 
In  the  excellent  memoirs  of  Smitt  on  the  Arctic  Bryozoa,  five 
species  still  remain  in  the  genus  Cellularia.  These  belong 
to   three   well-marked  grofips,  and   tbeir  synonymy  is  very 
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complicated.     Having  had  occasion  to  revise  this  family,  I 
offer  the  following  summary  of  the  New  England  species. " 

L  CelltUaria  Pallas,  1766,  (restricted).  ZocBcia  unilateral,  in  two 
alternating  rows,  mostly  protected  by  lateral  spines,  either 

•  simj^le  or  dilated.  Vibracula  and  lateral  and  median  avic- 
olaria  present.     Type  G.  acruposa.* 

a.  Subgenus  GeUtdaria,  (=zScrupoceUa/riay  pa/rs^  Gray,  Busk). 
Lateral  spines  all  simple. 

b.  Sub-genus  CeUarinaVhn  Ben.  (incl.  TViceUariaFlQm.j  1828.) 
One  of  the  lateral  spines  usually  more  or  less  dilated,  and 
often  expanded  in  a  shield-like  form  in  front  of  the  zocecia. 
Two  New  England  species:  (7.  scabra  Van  Ben.;  and  (7. 
temata  (Sol.)  with  varieties  gracilis  and  duplex  (Smitt). 

The  name  TricellaHa.  (given  to  temoita)^  might  have  been 
adopted  for  this  subgenus,  but  is  very  inapplicable  to  the 
group,  and  even  to  the  type-species,  as  now  known. 

II.  Scruparia  Oken  (restricted),  {=z  ScrupoceUaria^  pars^  Gray; 
Cauda  Busk,  fhon  Lamx.).  Lateral  avicularia  and  vibracula 
absent.  A  lateral  spine  develops  into  a  protective  (often 
frondose)  shield.  Type  JS.  reptana  (Linn6),  not  yet  found  on 
the  American  coast. 

IIL  Bugvlopsia  VerriU  (=  Celhdariaj  parSy  Busk,  non  Pallas). 
Characterized  by  the  simple,  unarmed  zooecia,  arranged  in 
alternating  rows,  and  destitute  of  avicularia,  vibracula  and 
shields.  IVpe  JB.  P^acAw  (Busk).  Gulf  of  Maine  and  Bay  of 
Fundy.    European  seas,  north  to  Spitsbergen. 

As  no  species  of  the  last  group  was  originally  included  in  Cellu- 
laria,  it  is  inadmissible  to  restrict  that  name  to  it  Therefore 
either  reptans  or  scruposa  should  be  taken  as  the  type  of  Cellu- 
hriaj  both  having  been  origipally  included  by  Pallas,  as  well 
as  by  most  subsequent  authors.  Scrupariaj'  Oken  (1815)  orig- 
inally included  not  only  the  group  that  had  previously  been 
named  Eucratea  by  Lamouroux  (l812),  but  also  &  reptans. 
Therefore  there  seems  to  be  no  good  reason  why  it  should  not 
be  restricted,  as  above,  rather  than  be  displaced  by  the  much 
later  and  more  objectionable  name,  Scrupocellaria,  Menipea, 
used  by  Busk  and  others  for  Oellarina,  is  inadmissible,  in  that 
sense,  lor  the  original  grcap  thus  named  by  Lamouroux  is  a 
valid  and  very  distinct  genus.  Oanda  (Lamx.,  1816),  adopted 
by  some  for  Cellularia  reptans^  cannot  properly  be  so  used,  for 
the  original  type  is  a  distinct  genus. 

PoreUina  ateUata^  sp.  nov. 

A  large,  handsome  species,  forming  radiating  patches  on 
shells,  etc.     Zooecia  arranged  in  quincunx,  large,  broad,  mod- 

*  This  species  has  been  recorded  from  the  Gulf  of  St.  Lawrence  by  Packard 
and  others,  but  I  have  myself  seen  no  American  examples. 

f  This  name  has  recently  been  given  to  a  new  genus,  in  a  new  sense,  by  Hincks, 
in  accordance  with  a  practice  tiiat  is  nearly  always  unsafe,  as  well  as  confusing. 
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erately  convex,  white,  shining,  mostly  imperforate  and  smooth, 
the  marginal  ones  more  or  less  perforate  in  front  Apertures 
nearly  semi-circular,  the  proximal  edge  straight  or  nearly  so, 
often  with  two  spines  on  tne  distal  bomer,  median  pore,  a  short 
distance  from  the  aperture,  large,  nearly  circular,  provided  with 
numerous,  slender,  convergent  spinules,  which  nearly  reach 
the  center,  giving  the  pore  a  stellate  appearanca  Avioularia 
near  the  lateral  margin,  about  opposite  the  median  pore,  vary- 
ing in  size  and  form  :  in  the  same  colony  some  are  short 
triangular,  others  long  triangular,  while  others  with  a  long  and 
acute,  erect  tip  show  the  transition  toward  vibracula.  Length 
of  zooecia,  -60  to  -TO"";  breadth,  -50  to  -eO™"* ;  breadth  of  ap- 
ertures, '12  to  IS"*" ;  of  median  pore,  '05  to  '06™™.  The  zooecia 
are  about  twice  as  large  as  those  of  P.  cUiatou 

Casco  Bay,  Maina     (U.  S.  Fish  Comm.,  187S). 

In  the  nearly  circular  form  of  the  median  pore  this  species 
approaches  the  genus  Porinay  as  restricted  by  Smitt,  (Florida 
Bryozoa),  but  in  all  other  respects,  except  size,  it  agrees  so 
closely  with  P.  ciliaiay  made  the  type  of  PoreUtna  by  Smitt,  as 
to  forbid  a  generic  separation,  although  the  latter  has  a 
crescent-shaped  pore.  It  would  belong  to  Microporella  Hincks, 
if  that  name  be  adopted. 


Art.  Vni. — Positions  of  the  Planets  Philomela  andAdcona;  by 
C.  H.  F.  PETBRa 

I  COMMUNICATE  a  few  obFcrvations  on  a  planet  discovered 
by  me  on  the  14th  of  May.  I  have  given  to  it  the  name 
Philomela^  as  the  name  Prokne  is  applied  to  the  one  discovered 
on  March  21.  The  planet  lately  found  (May  21)  by  Mr.  Palisa 
seems  to  be  Adcona  (145),  which  for  several  years  had  been 
searched  for  in  vain,  its  elements  having  remained  verv  uncer- 
tain, since  my  observations  at  its  first  appearance,  the  only 
ones  made  upon  it,  did  not  extend  over  more  than  about  a 
month  (from  June  8  until  July  7, 1876).  I  append  the  two 
positions  I  succeeded  in  getting  before  the  last  moon. 

Observations  on  Philomela  (196). 

1879.  Ham.CoU.m.t        App.  c        -     App.  <J.        log  (p. 'A)   Naofcomp. 

May  14.  11»»66»31«        12»' 16"»  39»'02    +6*62'46'-9  0*682  O'TaS  12 

16.  10  37      6         12   16     21-21        6  48     67   0609  0-724  10 

18.  12   26   36         12  16       676        6  42  307   0747  0746  10 

20.  9   61     4         12   16     68-20        6  36  570   0*391  0*723  12 

26.  10   22    18         12   16     67-02        6  19  67-8  0-672  0*731  10 

June  6.  10     6   66         12   17     3714    +6  32  84-6  0*634  0742  9 

Observations  on  Adcona  (146)  (?). 

1879.    Ham.  Coll.  m.  t        App.  a.  App.  (f.        log  (p.  'A)    No.  of  oomp. 

May  28.       14»»  27»    1*        15»»55™  11«-71  -15''30'22'*8   0*677  0*851         8;  4 
29.        12   40    30         15   54     18*81  -15  30  54*6   0:343  0*875  12 

Litchfield  Observatory  of  HamUton  College,  Clinton,  N.  Y.,  June  6,  1879. 
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Art.  IX. — A  Method  of  Preventing  the  too  'f'dpid  Combustion  of 
the  Carbons  in  the  Electric  Lamp  ;  by  H.  W.  Wiley. 

In  using  the  electric  light  for  projections,  two  chief  points 
are  to  be  considered,  viz:  1st,  bnlliancy  of  illumination,  and 
2d,  steadiness  of  the  light  When  the  source  of  electricity  is 
suflScient,  the  first  of'  these  ends  is  easily  obtained.  The  sec- 
ond, however,  is  not  so  easy  of  accomplishment  The  chief 
difl&culty  in  the  way  of  securing  steadiness  is  found  in  the  car- 
bons themselves.  Some  carbons,  and  I  find  these  to  be  the 
most  common,  bum  away  so  rapidly  that,  where  no  mechanism 
is  present  to  produce  alternating  currents,  the  electric  arc  is 
constantly  passing  out  of  the  focus.  Often,  too,  I  have  found 
that  when  the  current  is  quite  strong  with  the  softer  carbons, 
the  arc  would  extend  itself  momentarily  between  points  as  far 
as  a  centimeter  from  the  end  of  the  caroons.  At  other  times 
it  would  revolve  about  the  electrodes  something  like  a  spiral 
flame  in  a  pyrotechnic  display.  This  leaping  and  dancing  of 
the  arc  is,  of  coarse,  fatal  to  its  emplovment  for  projection. 

In  order,  if  possible,  to  remedy  these  defects  in  a  lantern 
which  I  have  in  almost  daily  use,  I  made  the  following  experi- 
ments, r  first  took  the  specific  gravity  of  three  specimens  of 
carbon,  obtained  from  diflrerent  dealers,  one  in  France  and  two 
in  this  country.  The  specific  gravity  of  the  French  carbon, 
was  1*85 ;  of  iTo.  1,  American,  1*53 ;  of  No.  2,  American, 
1'56.  The  French  carbon  is  hard,  of  a  grayish  black  color. 
The  American  carbon  is  soft,  easily  broken  up,  and  has  no 
sign  of  a  metallic  luster.  The  light  from  the  French  carbon  is 
quite  steady  and  displays  very  little  of  that  tendency  to  flicker, 
so  troublesome  in  the  American  varietiea 

A  positive  French  carbon,  which  had  been  used  for  several 
hours,  until  consumed  nearly  to  the  lamp,  burned  away  at  the 
point,  but  otherwise  retained  its  original  shapa  This  carbon 
was  used  without  any  previous  preparation. 

A  soft  carbon,  however,  of  the  same  size  as  the  preceding, 
became  red  hot  to  a  distance  of  four  to  six  centimeters  from 
the  end,  and  rapidly  wasted  away ;  after  being  in  use  for  half 
an  hour,  it  was  reduced  to  a  slender,  tapering  form. 

I  first  tried  the  plan  so  well  known  in  France,  but  so  seldom 
tried  here,  of  coating  the  carbons  with  a  film  ot  copper.  The 
precipitation  of  the  copper  should  take  place  slowly,  and  with 
a  current  so  regulated  in  quantity  and  intensity  as  to  produce 
no  spongy  deposits.      When  the  soft  carbons  were  thus  pre- 

Eared  they  worked  beautifully  for  a  short  time.     The  light  was 
rilliant  and  steady,  while  any  green  tint  imparted  to  it  by  the 
volatilized  copper  produced  no  effect  whatever  prejudicial  to 
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the  purpose  in  view.  But  as  the  carbons,  little  by  little,  be- 
came heated,  the  copper  film  oxidized,  and  after  half  an  hour 
the  carbon  was  again  reduced  to  the  slender  form  above 
described. 

I  next  tried  the  expedient  of  setting  a  copper  wire,  4'""  in 
diameter,  into  the  center  of  the  carbons.  With  a  thin  saw  I 
cut  a  longitudinal  groove  to  the  center  of  the  carbon,  and  after 
inserting  the  wire  fixed  it  in  place  by  filling  the  groove  with 
plaster.  The  upper  end  of  the  wii'e  was  left  projecting  so  that 
it  could  be  brought  into  actual  contact  with  the  clamp.  I 
l)oped  from  this  contrivance  to  hold  the  origin  of  the  arc 
steadily  at  the  end  of  the  carbon  and,  at  the  same  time  by  in- 
creasing the  conducting  power,  to  prevent  the  heating  and  con- 
sequent rapid  consumption  of  the  electrode.  In  placing  the  car- 
bons in  the  lamp  the  grooved  sides  were  turned  from  the  lens. 
This  device  proved  very  successful  in  securing  a  steady  light, 
but  the  carbons  were  heated  to  their  points  of  insertion  in  the 
holders  and  wasted  rapidly  away.  The  point,  it  is  true,  re- 
mained blunt,  but  the  stem  of  the  carbon  burned  away  so 
rapidly  that  the  experiment  must  be  regarded  as  unsuccessful. 

It  was  evident  from  my  first  experiments  with  copper-plated 
carbons,  that,  if  any  way  could  be  devised  of  protecting  the 
copper  from  oxidation,  the  copper  would  prevent  the  carbon 
from  heating  by  increasing  its  conductivity,  and  diminishing 
the  resistance.  I  accordingly  covered  the  carbons,  after  copper- 
plating  with  a  film  of  plaster  of  Paris,  about  1™"  in  thictness. 
After  this  had  set,  the  edge  of  the  carbon,  which  was  to  be 
turned  towards  the  condenser,  was  carefully  denuded  of  its 
plaster-covering,  which  was  also  cut  away  until  quite  thin  on 
the  adjacent  surfaces.  These  precautions  were  taken  so  that 
the  plaster  might  not  interfere  with  the  radiation  of  light  in  the 
direction  of  the  condenser.  Before  use  the  plaster  must  be 
thoroughly  and  slowly  dried.  The  copper  surfece  at  the  end  of 
the  carbon  being  uncovered  it  is  fastened  in  the  holder  in  the 
usual  way.  The  carbons  prepared  in  the  way  described  left 
nothinff  to  be  desired.  The  light  was  steady  and  the  carbons 
burned  slowly  away.  The  film  of  plaster  melted  gradually  as 
the  point  was  consumed  and  thus  never  interfered  with  the 
illumination.  The  points  of  both  positive  and  negative 
carbons  remained  blunt,  and  there  was  no  wasting  away  of  the 
stem.  A  carbon  prepared  in  this  way  will  last  at  least  ten 
times  as  long  as  one  used  in  the  ordinary  way.  But  the  chief 
advantage  is  found  in  the  comparative  steadiness  of  the  light 
thus  secured. 

Carbons  of  the  above  description  work  best  when  well 
plated.  The  following  numbers  give  what  I  regard  as  a  mini- 
mum amount  of  copper  to  secure  satisfactory  results.     In  all 
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the  experiments  I  have  tried,  the  carbon  has  been  of  the  soft 
American  variety,  with  an  average  specific  gravity  of  1'55. 

Length  of  carbon, 17 '5  cm. 

Each  side, 1      " 

Number  3^  of  surface  including  ends, 72  ^' 

Weight  before  coppering, 21*1615  g. 

Weight  after  coppering, 24*0410" 

Weight  of  copper, 2*8795  " 

Weight  copper  to  each  HmT*,  '0397 

In  order  to  dispense  with  the  use  of  a  reflector,  I  arrange  the 
carbons  +  above  as  described  in  the  Journal  of  Franklin 
Institute  for  May  and  June,  1878. 

The  peculiar  cup-shaped  appearance  of  the  positive  carbon 
helps  to  concentrate  the  light  on  the  condenser.  It  is  under- 
stood that  any  lamp,  in  which  the  carbons  are  arranged  end  to 
end,  can  be  used  with  electrodes  prepared  as  above.  Such  a 
lamp  can  be  easily  substituted  in  a  lantern  made  for  use  with 
oxy-hydro-lime  light  I  use  constantly  such  a  lamp  with  one  of 
Edgerton's  physical  lanterns  originally  made  for  the  lime  light 
I  am  inclined  to  think  a  kaolin  paste  would  be  better  than 
plaster  for  coating  the  carbons.  The  electric  force  used  in  all 
the  experiments  has  been  furnished  by  the  Gramme  machine, 
described  in  the  Journal  of  the  Franklin  Institute  already  cited. 

The  use  of  projections  for  illustration  in  lectures  on  Chem- 
istry and  Physics  has  become  so  general  that  I  hope  the  sug- 
gestions in  this  paper  may  prove  of  some  benefit 

Purdue  TJniversity,  Lafayette,  Indiana,  April  18,  1879. 


Abt.  X. — Bemardinite :  a  new  Mineral  Resin  from  San  Ber- 
nardino County^  Cal ;  by  J.  M.  Stillman,  Ph.B. 

Through  the  kindness  of  Mr.  B.  B.  Redding,  of  San  Fran- 
cisco, I  have  been  put  in  possession  of  some  specimens  of  a 
new  and  interesting  mineral  said  to  occur  in  considerable  quan- 
tity in  San  Bernardino  County,  California,  and  exposed  by 
excavations  for  a  tunnel.  The  pieces  in  my  possession  were 
homogeneous  masses  of  from  one  to  five  or  six  cubic  inches 
dimensions,  and  appeared  to  have  been  broken  from  still  larger 
masses.  It  presents  a  nearly  white  mass,  friable,  light  and  por- 
ous, containing  much  enclosed  air,  so  that  it  floats  on  water 
like  cork.  On  fracture  it  presents  a  slightly  fibrous  structure. 
Under  the  microscope  it  exhibits  a  two-fold  structure — a  q^uan- 
tity  of  very  fine  irregular  fibers  permeating  a  mass  of  a  bnttle, 
amorphous,  structureless  substance.  No  definite  structure 
could  be  perceived  indicating  previous  woody  or  vegetable 
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tissue.  The  specific  gravity  of  the  mineral  freed  from  air  was 
determined  as  1-166  at  18°  C.  The  mineral  does  not  melt  per- 
fectly at  140°  C,  but  softens  slightly  at  temperatures  below 
100°  C. 

It  is  insoluble  in  water ; — entirely  soluble  in  hot  absolute  alco- 
hol, about  86*6  per  cent  dissolving  on  boiling  for  some  time. 
The  soluble  portion  is  quite  soluble,  remaining  in  solution  in 
about  2J  parts  of  hot  alcohol  In  cold  absolute  alcohol  it  is 
not  so  soluble,  about  one-third  of  that  portion  soluble  in  hot 
alcohol,  not  re-dissolving  in  cold.  The  alcoholic  solutions  are 
of  a  slightly  yellow  color,  marked  bitter  taste,  and  acid  reac- 
tion. Ether  dissolves  about  one-third  of  the  native  mineral 
at  ordinary  temperatures.  Carbon  disulphide  dissolves  it  but 
slightly.  The  residues  from  the  solutions  were  in  every  case 
white  and  amorphous. 

The  extract  with  hot  alcohol  melts  at  temperatures  between 
115°  and  125°  C,  but  has  no  constant  melting  point,  and  soft- 
ens somewhat  at  lower  temperatures.  On  cooling  after  fusion 
it  forms  a  brittle,  translucent  mass.  Heated  on  platinum  foil 
the  mineral  burns  with  smoky  flame,  with  fixed  carbon  residue, 
but  with  only  a  trace  of  ash.  An  ash  determination  mve 
00*12  per  cent  of  a  white,  infusible  ash,  evidently  silica.  With 
concentrated  sulphuric  acid  it  gives  a  red-brown  color,  which 
on  warming  becomes  black;  on  dilution  with  water  black 
flakes  are  precipitated.  The  mineral,  dried  for  several  day^ 
over  sulphuric  acid,  lost  on  heating  to  temperatures  below  its 
melting  point  3'87  per  cent  in  weight,  probably,  though  not 
certainly,  water.  It  contains  no  nitrogen.  Elementary  analy- 
sis of  the  mineral  dried  over  sulphuric  acid  gave — 

Carbon  z=     64-63  per  cent. 

Hydrogen     =       9-20        " 
Hence  Oxygen        =     26*27         " 

100-00 

Admitting  the  loss  in  weight  above  quoted,  of  8*87  per  cent, 
as  being  due  to  loss  of  water,  we  should  have  as  a  complete 
analysis — 

Water 3*87  per  cent. 

Carbon 64-46       " 

Hydrogen  (not  in  water)  8-76  " 
Oxygen  (not  in  water)  22*80  " 
Ash 0-12        " 


100-00 
In  caustic  potash  the  mineral  dissolves  very   readily  and 
almost  completely  (98*5  per  cent).     The  solution  when  concen- 
trated is  of  a  light,  clear,  brownish-yellow,  and  may  be  diluted 
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to  any  extent  with  distilled  water  without  precipitation,  but 
with  dilute  cblorhydric  acid  gives  a  flocculent  precipitate 
which  settles  to  the  bottom  on  standing.  The  alkaline  solu- 
tion is  gelatinous  in  the  cold  when  concentrated,  but  dissolves 
on  dilution,  and  gives  a  froth  like  soap-suds  on  agitation.  The 
portion  insoluble  in  caustic  potash  (6'6  per  cent)  is  left  as  a 
glue-like  mass  of  a  brownish  color. 

A  q^uantity  of  the  mineral  was  dissolved  in  caustic  potash, 
precipitated  with  cblorhydric  acid ;  the  resin  thus  obtained  was 
subjected  after  drying  to  elementary  analysis.     It  gave — 
Carbon         =     69*71  per  cent.  ) 
Hydrogen    =       9-59       «  V 100-00 

Oxygen        =     20*70       "  ) 

The  melting  point  of  this  purified  resin  was  determined  at 
127^-129°  for  perfect  fusion,  though  softening  at  lower  tem- 
peraturea 

^  The  acid  character  of  the  alcoholic  solution,  the  oxygen  con- 
tents, the  behavior  toward  solvents,  and  especially  toward  caus- 
tic potash,  as  well  as  the  temperature  at  which  it  melts,  all 
indicate  the  resinous  character  of  the  new  mineral.  To  con- 
firm this  it  was  treated  in  alcoholic  solution  with  alcoholic  solu- 
tion of  lead  acetate,  and  a  flocculent,  white  precipitate  of  the 
lead  resinate  was  obtained.  It  is  noticeable  that  the  oxygen 
contents  of  this  resin,  as  evidenced  by  both  analyses,  is  much 
greater  than  is  usually  found  in  resins  either  of  mineral  origin 
or  freshly  obtained  from  plants. 

The  filtrate,  obtained  by  dissolving  in  caustic  potash  and 
precipitating  with  cblorhydric  acid,  was  evaporated  to  dryness 
and  exhausted  with  alcohol,  and  a  small  quantity  of  a  yellow- 
ish waxy  substance  obtained  of  an  intense  bitter  taste,  evi- 
dently the  substance  to  which  the  bitter  taste  of  the  mineral  as 
well  as  of  its  alcoholic  extract  is  due,  as  the  purified  resin  pos- 
sessed no  bitter  taste. 

This  new  resin  appears  to  possess  entirely  different  proper- 
ties and  composition  from  any  organic  mineral  heretofore 
described.  The  South  American  mineral  Guyaquillite  seems 
to  resemble  it  in  some  properties,  but  difiers  very  materi- 
ally in  other  essential  properties  as  well  as  in  composition. 
Berengelite,  also  from, South  America,  possesses  a  somewhat 
similar  elementary  composition  (C,  oHj^O^),  but  dififers  in  all 
other  essential  properties.  At  the  suggestion  of  Mr.  Bedding, 
to  whom  I  am  indebted  for  the  specimens  which  form  the  sub- 
ject of  the  foregoing  examination,  I  propose  the  name  of  Ber- 
nardinite  for  the  new  mineral,  from  the  name  of  the  locality. 

I  hope  soon  to  be  able  to  subject  the  mineral  to  a  more 
thorough  investigation,  with  the  object  of  ascertaining  the  true 
chemical  nature  of  its  constituents. 

University  of  Calif omia,  February,  1879. 
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Art.  XI. — Notice  of  a  new  Jurassic  Mammal;  by  Professor 

O.  C.  Marsh. 

During  a  recent  visit  to  the  Rocky  Mountains  the  writer 
spent  some  time  in  examining  the  deposits  known  as  the  Atlan- 
tosaurus  beds,  and  was  rewarded  by  the  discovery  of  several 
interesting  fossils,  among  them  the  lower  jaw  of  a  small  mam- 
mal. This  specimen  indicates  a  dimunitive  marsupial,  auite 
distinct  from  the  one  previously  described  by  the  writer  irom 
the  same  horizon  {Dryolestes  priscus\*  which  has  hitherto  been 
the  only  mammal  known  from  the  Jurassic  of  this  country. 

The  present  specimen,  which  is  from  the  left  side,  has  the 
larger  part  of  the  ramus  preserved,  with  a  number  of  perfect 
teeth  in  position.  Most  of  the  symphysial  portion  is  lost,  and 
the  posterior  part  is  missing,  or  only  faintly  indicated.  The 
jaw  was  remarkably  long  and  slender.  The  horizontal  portion 
is  of  nearly  equal  depth  throughout,  and  the  lower  margin 
nearly  straight  The  lorm  of  the  coronoid  process,  condyle,  and 
angle  of  the  jaw  cannot  be  determined  from  this  specimen. 

The  remarkable  feature  in  this  jaw  is  the  series  of  premolar 
and  molar  teeth.  These  were  very  numerous,  apparently  as 
many  as  twelve  in  all,  and  possibly  more.  The  premolars  had 
their  crowns  more  or  less  compressed,  and  recurved,  and  some  of 
them  were  supported  by  two  fangs.  These  had  a  small  posterior 
tubercle  at  the  base  of  the  crown,  but  none  in  front  The 
molar  teeth  were  all  single-fanged,  with  elevated  conical  crowns. 
Those  preserved  have  a  distinct  cingulum.  The  molars  increase 
in  size  from  the  first  to  the  fifth.  All  the  teeth  preserved  have 
the  crowns  raised  considerably  above  the  upper  margin  of  the 
jaw,  and  thus  appear  to  be  loosely  inserted.  A  lai*ge  pointed 
tooth  lying  near  the  jaw  appears  to  be  a  canine. 
The  principal  dimensions  of  this  specimen  are  as  follows : 

Length  of  portion  of  jaw  preserved il'6"°* 

Extent  of  five  molar  teeth 4* 

Extent  of  entire  molar  series 6* 

Height  of  fifth  true  molar  above  jaw 2* 

Depth  of  jaw  below  fifth  molar 1*75 

Depth  of  jaw  below  last  premolar 1-6 

Depth  of  jaw  below  first  premolar 1  '4 

In  comparing  this  interesting  fossil  with  the  forms  already 
known,  it  is  at  once  evident  that  it  dififers  widely  from  any  liv- 
ing tvpe.  Its  nearest  affinities  are  clearly  with  the  genus 
Styloaon  of  Owen,  from  the  Purbeck  beds  of  England,f  and  in 
many  respects  the  correspondence  is  close. 

*  This  Journal,  vol.  xv,  p.  459,  June,  1878. 

f  Geological  Magazine,  vol.  iii,  p.  199,  1866,  and  Palceontographical  Society, 
vol.  xxiv,  p.  45,  1871. 
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This  specimen  clearly  indicates  a  new  genus,  which  may  be 
called  Slylacodon,  and  the  species  represented,  Stylacodon  gracilis. 
With  the  genus  Styhdon^  this  form  evidently  constitutes  a 
distinct  family,  which  may  appropriately  be  termed  the 
Siylodoniidce.  The  present  specimen  indicates  an  animal  some- 
what smaller  than  a  weasel,  and  probably  insectivorous  in  habit. 

Yale  GoU^e,  New  Haven,  June  18th,  1879. 


Art.  XIL — On  the  Hudson  River  Age  of  the  Taconic  Schists; 
by  Jambs  D.  Dana.    Supplement. 

In  the  preceding  part  of  this  paper,  the  courses  of  the  bedding 
of  the  rocks  are  indicated  only  in  a  general  way.  In  this  supple- 
ment, I  give  the  results  observed  in  Dutchess  County  as  to  strike 
and  dip,  together  with  some  other  omitted  details. 

1.  Wappinger-VoMey  Belt.  —  This  limestone  belt  leaves  the 
Wappinger  Valley  about  a  mile  northeast  of  Salt  Point  (or  five 
miles  from  Pleasant  Valley),  the  Creek — not  the  limestone  belt — 
here  changing  its  course  by  taking  an  eastward  turn  for  a  mile. 
From  this  point  it  has  a  small  brook,  flowing  from  Upton's  Lake, 
as  its  southern  limit,  instead  of  the  Wappinger  stream ;  at  the 
same  time,  its  width— which  was  nearly  a  mile  at  Manchester, 
3000  feet  at  Pleasant  Valley,  and,  according  to  Professor  Dwight, 
2200  at  Salt  Point,  continues  to  diminish ;  and,  about  half  a  mile 
west  of  Willow  Brook  station,  the  southern  part  of  the  belt  ends. 
It  appears  again  in  the  Wappin^r  Valley,  about  two  and  a  half 
miles  to  the  eastward,  north  of  Bangall.  The  following  are  the 
results  obtained  with  reference  to  the  strike  (or  dii*ection  of  bed- 
ding, allowance  being  made  for  variation,  and  the  dip  of  the  lime- 
atone  and  the  associated  schist)  commencing  at  the  south.  As 
has  been  stated,  the  schist  in  Dutchess  County,  going  from  west 
to  east,  varies  very  gradually  from  dull  to  shining  argillyte  and 
thence  to  hydromica  schist,  on  the  north ;  and,  on  the  south,  from 
the  same  to  mica  schist  and  micaceous  gneiss. 

At  East  Mnis,  4jm.  S.E.  of  Poughkeepsie,  the  schist  east  of 
Wappinger  Creek,  strikes  N.  39°^0^  E,,  dip  75*"  E.  (that  is,  east- 
ward, but  at  right  angles  to  the  strike).  At  Mancnester,  lime- 
stone N.  17*'-26°  R,  (fip  b(f^(f  E. ;  schist,  E.  of  river,  N.  20°- 
21°  E.,  60**  E.;  the  width  of  the  limestone  east  of  creek,  about 
2000  feet,  and  west  of  it,  3000  feet.  At  Rochdale  (Titus's  woolen 
factory)  fossiliferous  limestone,  N.  37°  E.,  dip  60°  E.  (660  feet  west 
of  Uie  eastern  junction  with  the  slate).  At  Pleasant  Valley, 
where  the  limestone  is  almost  wholly  north  of  the  creek,  N.  32°  TL^ 
dip  85°-90°  E,,  at  a  locality  not  far  from  its  northwestern  limit ; 
and  at  the  quarry  near  the  river,  about  200  yards  from  the  south- 


eastern limit,  N.  24*^  E.,  dip  60°  E.  At  Salt  Point,  according  to 
Professor  Dwight.  N.  26°  E.,  dip  70°-85°  W.  Southwest  of  Wil- 
low Brook  J  m:,  hmestone  N.  19°  E.,  dip  60°-60°  E. ;  a  mile  east 
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of  Waiow  Brook,  S.  side  of  Wappinger  Creek,  schist  N.  16°  E,, 
dip  eo**  E.,  and  i  m.  N.E.  of  last,  N.  14^E.,  dip  SO^'-^O^  E.  At  Stan- 
fordville,  schist  S.  of  river,  N.  28**  K  (average),  dip  60**  E.  (vary- 
ing, mnch  contorted);  200  yards  above  station  N.  of  river,  a 
layer  of  grayish  quartzvte  in  the  schist^  25  to  80  feet  thick,  strike 
of  slate  and  quartzvte,  W.  16°  B.,  dip  60°  E. ;  just  north  of  river 
i  UL  W.  of  Baneall,  schist  N.  28°  E,,  dip  76°  E.,  and  here  a  fault, 
the  limestone  aojoining  being  nearly  horizontal  Between  Pine 
Plains  and  Stissingville,  much  of  the  limestone  nearly  horizontal, 
with  small  eastward  dip,  varying  to  westerly.  At  Stissingville 
near  railroad,  limestone  N.  12°  to  17°  E.,  dip  40°-46°  W.,  and 
schist  near  by,  N.  12°  E.,  same  dip;  one  mile  E.  of  station,  dip 
30°  E.  At  Ancram  Lead  Mine,  limestone  N.  19°  EL.  dip  60°- 
70°  E.;  3  m.  north,  limestone  N.  19°  E.,  60°-60°  E.;  in  CJopake, 
1  nu  south  of  village,  limestone  N.  13°-16°  E.,  dip  40°  E. ;  near 
Copake  Iron  Furnace,  schist  of  Taconic  Mtn.,  If.  10°-15°  E.,  dip 
50°  E.  (average) ;  3  m.  S.  of  Furnace,  adjoining  Taconic  Mtn., 
limestone  and  schist  N.  15°  E.,  dip  50°  E. 

2.  Shekomeko  Limestone  area.  —  The  area  occupies  the  valley 
between  Husted  station  and  Pulver*s  Comers.  Thence  it  extends 
south-southeast,  widening,  and  ends  half  a  mile  south  of  where 
the  road  from  Ban  sail  enters  the  valley.  In  a  cut  just  northeast 
of  Husted  station,  limestone  N.  25°  E.,  dip  35°  E, ;  schist  in  next 
cut,  400  yards  to  the  northeast,  N.  25°  E.,  dip  40°-50°  E. ;  300 
yards  farther  northeast,  N.  14°  E.,  dip  50°-60°  E.;  1  m.  east- 
ward, schist  of  Winchell's  Mtn.,  N.  16°  K,  dip  48°  E. ;  on  the 
mountain,  260  yards  W.  of  WinchelPs  station,  schist  N.  16°  E., 
dip  20°-60°  E.,  average  40°.  Nearly  three  miles  S.  of  Husted's, 
just  below  Shekomeko  station,  limestone,  N.  32°-37°  E.,  dip 
50°-60°  E. ;  toward  western  limit  of  limestone  area,  an  interca- 
lated stratum  of  schist,  N.  35°  E.,  dip  50°-60°  E. ;  west  of  this' 
schist,  limestone  with  same  position ;  ^  m.  S.  of  Shekomeko  sta- 
tion, limestone  N.  27°-37°  E.,  dip  15°-50°  E.  W.  of  south  end 
of  the  limestone  area,  slate,  near  road  to  Bangall,  N.  20°-32°  E., 
dip  in  undulations,  10°-50°  W.,  but  i  m.  to  the  west,  it  is  40°-50°  E. 

3.  MshkiH-^md-Millerton  belt^  commencing  at  the  southwest 
— At  Matteawan  depot,  argillaceous  schist  on  railroad,  N.  40° 
E.,  dip  70°  to  80°  E. — a  fine-grained,  fissile  rock,  of  little 
luster,  fusing  B.  B.  to  a  slightly  magnetic  elobule,  and  hence 
probably  an  argillitic  mica  or  hydromica  scnist;  i  m.  S.E.  of 
Matteawan,  at  junction  of  schist  and  limestone,  N.  52°  E.,  dip 
70°  E. ;  i  m.  N.E.  of  Matteawan,  limestone  N.  42°  K,  70°-80°  E. ; 
half  way  to  Glenham  (or  1  ul  from  Matteawan),  limestone  N. 
47°  E.,  vertical ;  J  m.  southwest  from  Glenham,  N.  52°  E,,  60°  W. ; 
again  i  m.  from  Q.,  N.  47°  E.,  45°-50°  W. ;  in  Glenham,  on  river, 
limestone  and  '^  bastard  granite"  making  parallel  walls  on  oppo- 
site sides  of  the  stream,  strike  of  each,  N.  37°  E.,  dip  70°-80^  E., 
and  south  of  river,  near  mill-dam,  limestone  N.  52—57°  E.,  dip 
35°  W.,  north  of  river  300  yards,  schist  N.  22°  E.,  dip  60°-70°  K, 
with  '^  bastard  granite''  near  by  to  north  much  jointed  and  uncer- 
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tain  in  strike,  becoming^  near  the  slate^  a  gray  qnartzytic  variety  ; 
north  of  Glenham  station,  on  river,  limestone  N.  52-62°  E.,  dip 
26*  W.  East  of  Fishkill  station  i  nu,  limestone  N.  62°  E.  (aver- 
age), dip  56®-60°  W.  Between  this  and  Brinkerhoff  station,  J  m. 
from  B.,  wide  variations  in  strike  and  dip  of  limestone,  N.  28°  W., 
and  even  66°  W.  to  K  12°  E.,  dip  20°-36°  E. ;  E.  of  B.,  *  m., 
limestone  N.  16°  E.,  dip  60°  E. ;  1  m.,  same  N.  2°-14°  E.,  60^-60° 
E. ;  li  m.  W.  of  Hopewell,  limestone  N.  40°  E.,  dip  60°  E.  One 
mile  southeast  of  Pouehquag,  200  yards  west  of  quartzyte,  lime- 
stone N.  32°  K,  dip  40^  W. ;  i  m.  S.  of  P.,  limestone  N.  32°  E., 
dip  40°  K ;  i  m.  W.  of  P.,  N.  37°  E.,  40*^-60°  E. ;  at  Beekman's 
li  m.  W.  of  P.,  limestone  N.  22*  E.,  dip  40°-60°  E. ;  3^  m.  W. 
of  P.,  north  of  Silver  Lake,  an  intercalated  stratum  of  contorted 
schist,  N.  22°  E.,  dip  66°  E. ;  and  west  of  this,  beyond  another 
limestone  stratuin,  schist  N.  12°-22°  E.,  dip  60°  E.,  but  contor- 
ted; at  Arthursburg,  schist  apd  limestone  N.  12°-22°  R,  dip 
60°  E.,  but  with  undulations.  At  Clove  Ore  bed,  limestone  N. 
37°  E.,  dip  E.  46° ;  schist  of  west  slope  of  the  mountain  between 
Clove  and  S.  Dover  N.  62°  to  60°  E.,  dip  K  varying  in  1  m., 
eastward  to  N.  37°  E.,  then  on  descent  toward  S.  Dover,  N.  22°- 
37°  E.  Nearly  }  m.  N.E.  of  Mabbitsville,  schist  contorted,  N. 
6°  W.  to  N.  2*  E.,  dip  60°-60°  K  ;  1  m.  N.E.,  impure  limestone, 
N.  6°  W.^  dip  40°-60*  E.  5  schist  2  m.  W.  of  Wassaic  K  22°  E., 
dip  varying.  25°-30°  E.,  to  nearly  horizontal;  near  Wassaic, 
schist  N.  17*^-22°  E.,  dip  60°-70°  ;  2^  m.  W.  of  MabbitsviUe,  at 
Millbrook,  schist  N.  19°  E.,  dip  70°  E.  At  Millerton,  limestone 
in  village,  near  upper  railroad  depot,  nearly  horizontal,  dipping  1 0° 
to  20°  £.,  strike  about  N.  12°  E. ;  i  to  1^  m.  west  of  Millerton, 
along  RR.,  N.  10°-20°  E.,  dip^6°-20°  E.,  to  horizontal,  and 
6°-10°  W. ;  2  m.  west  of  M.,  on  K.  R,  another  large  bed  of  lime- 
stone ;  J  to  i  m.  W.  of  M.,  schist  (a  thin,  silvery,  blackish  slate) 
overlying  the  limestone  nearly  horizontally  (as  seen  in  section  on 
the  west)  ;  1^  m.  to  2  m.  north  of  west  of  M.,  on  R  R,  the  same 
schist,  nearly  horizontal  over  the  limestone  (as  seen  in  section)  ; 
2i  to  3  m.  northwest  of  M.,  along  RR,  schist  of  Winchell's 
Mountain  N.  20°-28°  K  dip,  20°-60°  E.,  the  least  on  the  east. 
Two  and  one-half  m.  south  of  Boston  Comers,  schist  of  eastern 
base  of  Winchell's  Mtn.,  N.  12°-17°"  E.,  dip  20°-26°  K,  increasing 
to  46°  nearer  B.  C. :  schist  of  the  body  of  the  Mtn.,  N.  12°-18° 
E.,  dip  46°  K ;  at  Boston  Comers,  close  to  Taconic  Mtn.,  lime- 
stone and  schist  N.  13°-14°  E.,  dip  70°  E.  At  Weed's  Ore  Pit, 
in  Southern  Copake,  3  m.  N.  of  B.  C,  schist  N.  18°  E.,  dip  62°- 
66°  E. ;  and  1  m.  W.,  limestone  N.  12°-14°  E.,  dip  60°-60°  E. 

At  Verbank,  slate  N.  6°  W.  to  12°  E.,  dip  60°-70°  E. ;  lime- 
stone conformable  to  the  slate,  but  much  contorted. 

The  diversity  in  the  strike  near  Brinckerhoff  was  probably 
caused  by  the  spur  of  Archaean  rocks,  which  reaches  from  the  south 
neari;^  to  the  place.  The  schist  west  of  Millerton  has  much  luster 
in  Winchell's  Mountain,  but  very  little  farther  east  iohere  the  beds 
are  approximately  horizontoL 
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The  quartzyte  near  Matteawan  (see  p.  385  of  last  volume)  is  sit- 
uated directly  east  of  this  place,  and  extends  along  for  half  a  mile. 

GrecU  CentrcU  SeU,  commencing  at  the  North. — In  North 
Salisbury,  Conn.,  i  m.  south  of  Massachusetts  boundary,  just  east 
of  the  road  nearest  to  the  foot  of  the  mountain,  limestone  N. 
10°-12''  E.,  dip  e'iO^-eo'*  W. ;  1  m.  to  2  m.  farther  south,  N.  6''- 
12°  R,  dip  45*-60°  W.;  i  JXL  east  of  the  first  of  these  loc.,  dip 
60°  E. ;  and  li  m.  E.,  N.  16°-26°  E.,  dip  60°-66°  E. ;  at  head  of 
Wash-nee  lake,  limestone  N.  16°  E.,  dip  46°-55°  E. ;  i  m.  S.,  N. 
8°  E.,  dip  40°-60°  E. ;  at  Chapinville,  limestone  N.  9°  W.,  dip 
20°-26°  E. ;  2  nL  N.  of  Salisbury,  mica  schist,  N.  16*  E.,  60°-60* 
E.  In  Lakeville,  on  lake,  limestone  N.  23*"  W.,  dip  50°  R,  and 
east  of  lake,  limestone  N.  18°-23°  W.,  dip  20^-25°  R  ;  2^  m.  east 
of  Millerton,  mica  schist  N.  8°-22°  W.,  dm  mostly  40°  R 

In  Sharon,  ^  m.  R  of  Sharon  Post  Office,  limestone  N.  20^  R 
^average)  dip  60°  E. ;  1^  m.  to  southeastward,  gneiss,  N.  26°  R, 
dip  E. ;  2  m.  to  southward  of  Sharon,  quartz^^  N.  26°-31°  R, 
dip  60  E.,  the  quartzyte  in  part  schistose  and  containing  some 
silvery  mica,  in  other  parts  to  eastward  feldspathic  and  passing 
into  granulyte,  and  the  quartzyte  and  gneiss  lying  conformably 
along  the  east  border  of  tne  limestone. 

East  of  Wassaic,  N.  Y.,  limestone  N.  12°-22°  R,  dip  46°-50*  R ; 
li  m.  S.,  limestone  N.  26°-27°  R,  dip66°  R ;  east  of  last,  quarts^ 
yte  (at  quarry)  N.  4°  W.,  40°-46°  W.  East  of  Dover  Plains, 
1  m.,  limestone  N.  10°-20°  R,  dip  60°-«0**  R ;  J  nu  farther  east, 
and  just  east  of  the  limestone  area,  quartzyte  N.  10°-21°^.,  dip 
60°-60°  R ;  i  m.  S.E.,  gneiss  N.  10°-11°  R,  dip  same.  At  South 
Dover,  near  R.  R.  station,  limestone  N.  20°  R,  dip  70°-80°  R ; 
one  mile  north  of  Pawling,  limestone  N.  7**  E.,  dip  70°  E. ;  1  m. 
E.  of  same,  gneiss  and  mica  schist  N.  7°  R,  dip  70-80°  E. ,  near 
Pawling  Station,  limestone  N.  19°  R,  dip  60^^-70°  R ;  and  ^  m. 
to  1  m.  W.,  same  N.  2°  R,  dip  40°-70°  R ;  then  nearly  horizon- 
tal with  dip  westward  and  again  eastward,  and  then  40°-50°  E. 
prevails ;  2  m.  W.,  gneissoid  mica  schist  or  micaceous  gneiss  (just 
W.  of  a  limonite  ore  bed)  N.  2°-10°  R,  and  varying  to  N.  32^ R, 
dip  50°  E.  About  Towner's  (near  the  Archsean),  gneiss  under- 
lying conformably  the  limestone,  with  wide  variations  in  strike, 
N.  68°  W.,  dip  40°  R,  but  in  hill  to  W.,  N.  88°  W.  to  N.  88°  W., 
dip  R,  about  40** ;  1  m.  S.  of  T.,  in  the  marshy  valley,  near  a  red 
house,  the  limestone  interstratified  with  the  gneiss,  N.  32°  R,  dip 
60°  E.  (the  vicinity  of  the  Archaaan  accounts  for  the  contortions) ; 
i  m.  N.  of  Dykeman's,  whitish  gneiss,  N.  17''  R,  dip  70°-80°  E. 

The  limestones  of  Dutchess  County  are  distinctly  f  ossilif erous 
Only  where,  besides  being  imperfectly  metamorphio,  they  do  not 
contain  seams  of  quartz,  but  instead  calcareous  seams,  if  any,  as 
well  as  calcareous  fossils.  The  quartz  seams  imply  greater  heat 
for  the  metamorphism ;  and  when  the  nenetrating  moisture  was 
thus  rendered  sihceous,  the  shells  have  been  left  as  thin  pieces  of 
quartz,  usually  with  little  of  the  original  form.  The  schist  adjoin- 
ing also  has  often  its  quartz  seams  or  veins. 
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SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  PHYSica 

1.  On  the  Action  of  Isomorphous  salts  in  exciting  the  Crys- 
tallization of  SuperscUumted  Solutions  of  each  other. — ^Thompson 
has  stadied  the  action  of  solid  salts  upon  supersaturated  solutions 
of  other  salts,  isomorphous  with  these,  to  ascertain  whether  crys- 
tallization would  he  induced.  When  the  salt  used  as  the  nucleus, 
as  well  as  the  other,  formed  a  supersaturated  solution,  such  a 
solution  of  the  latter  was  placed  in  a  small  flask  and  a  correspond- 
ing solution  of  the  former,  placed  in  a  thin  hulb  tube  was  intro- 
duced into  the  flask,  the  liquid  having  been  boiled  and  the  mouth 
closed  with  cotton.  The  liquid  in  the  flask  was  then  boiled  audi 
its  mouth  was  also  stopped  with  cotton.  After  cooling,  the  liquid 
in  the  bulb  tube  was  first  caused  to  crystallize  by  a  fragment  of 
the  same  salt.  It  was  then  lowered  into  the  liquid  in  the  flask, 
and  broken  and  the  result  observed.  If  the  liquid  in  the  bulb 
was  not  a  supersaturated  solution,  it  was  allowed  to  crystallize 
on  cooling  before  the  bulb  was  broken.  Another  method  was  to 
use  in  place  of  the  bulb,  a  doubly  bent  syphon  tube  containing 
the  exciting  liquid.  In  some  cases  a  thoroughlv  washed  nucleus 
was  dropped  into  the  superaaturated  solution.  The  results  showed 
that  MgSO^  (H,0),j  was  made  to  crystallize  by  the  correspond- 
ing sulphates  of  zinc,  nickel,  cobalt,  iron  and  magnesium,  by 
NiSO^(HaO)e,FeSO.(H.O)^  and  CoSO^(H,0),;  whUe  MgK, 
(S0,),(H^0)e^aj,S(5  (H.O).  0,  Na.S^O  (H,0)„  NaCl  and  class 
h^  no  action,  Na2SO^(H2C)),o  was  made  to  crystallize  by  Na^ 
SeO.(HaO),o  and  NagCr04(H20)io»but  not  by  MgSO.(H,0)-, 
Na^SeO.,  Na^jS^OjCHjO),,  NajHPOJH,0)io,  KCl,  NaCl, 
KClOj,  N'aI(H^0)4  or  glass.  Chrome  and  iron  alums  caused 
potassium  aluminum  alum  to  crystallize,  while  NaCl,  FeS,  (in 
cubes)  and  FcgO^  (in  octahedrons)  did  not.  In  the  case  of  mix- 
tures there  are  two  cases :  A,  when  the  mixture  contains  two 
salts  which  are  not  isomorphous ;  and  B,  when  the  two  salts  are 
isomorphous.  In  the  former  case,  {a)  sudden  crystallization  takes 
place  with  a  deposit  only  of  the  salt  forming  the  nucleus ;  (h)  the 
same,  both  salts  being  deposited  but  the  one  like  the  nucleus  pre- 
ponderating ;  and  (c)  the  nucleus  may  slowly  grow  by  accretion 
of  its  own  salts  from  the  solution.  In  the  latter,  (a)  sudden  crys- 
tallization takes  place,  both  salts  being  deposited  apparently  in 
the  ratio  in  which  they  exist  in  the  solution ;  and  (5)  slow  crys- 
tallization goes  on,  the  least  soluble  salt  being  deposited.  This 
latter  case  shows  that  there  is  a  regular  gradation  from  super- 
saturated to  ordinary  crystallization. — J.  Chem.  Soc.^  xxxv,  196, 
May,  1879.  q.  f.  b. 

2.  On  Ozone  and  the  Silent  Electric  Discharge. — Bbbthblot 
has  observed  some  curious  anomalies  in  the  action  of  the  silent 
electric  discharge  itself  or  of  the  ozone  which  it  produces,  upon 
chemical   combmation.      Hydrogen    and    oxygen,  for  example, 

Am.  Jora.  Boi.— Third  Sbribs,  Vol.  XVm,  No.  108.— Jult,  1879. 
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mixed  in  the  proportion  of  2 : 1,  do  not  combine  under  these  cir- 
cumstances even  when  submitted  to  the  action  of  tlie  silent  dis- 
charge for  several  hours,  with  a  spark  in  ordinary  air  of  7  or  8  cm. 
This  result  is  the  more  remarkable,  since. oxygen  under  these 
conditions  combines  readily  with  the  metals,  sulphurous  oxide, 
arsenous  oxide,  iodine,  and  even  nitrogen.  Carbonous  oxide  on 
the  other  hand,  mixed  with  half  its  volume  of  oxygen,  left  after 
twelve  hours  only  eight  per  cent  uncombined,  mixed  with  two 
per  cent  of  oxvgen ;  the  rest  having  united  with  the  mercury.  A 
part  of  the  CO  had  formed  a  brown  oxide  C,0,.  Carbon  dioxide 
under  the  action  of  the  silent  discharge,  in  a  space  free  from 
oxidable  bodies  gives  results  which  lead  the  author  to  suspect  the 
existence  of  a  percarbonic  oxide  CCL.  In  one  experiment,  after 
twelve  hours,  sixteen  per  cent  of  the  CO,  was  decomposed,  and  a 
gas  was  formed  which  attacked  mercury  and  oxidable  bodies  with 
vigor.  This  cannot  be  ozone  since  in  that  case  from  thirty  to 
forty-one  per  cent  of  the  oxygen  set  free  would  have  been  con- 
verted into  this  substance,  an  unheard  of  proportion.  The  new 
body  has  not  been  isolated.— •-Inn.  Chim.  Pnys.,  V,  xvii,  142, 
May,  1849.  o.  f.  b. 

3.  On  the  Occkuiion  of  Hydroaen  by  Copper, — Johnson  has 
re-examined  the  result  deduced  Dy  him  from  his  earlier  experi- 
ments, that  metallic  copper  occluded  an  amount  of  hydrogen 
which  might  cause  serious  error  in  organic  analysis ;  this  result 
having  been  questioned  by  Thudichum.  The  copper  to  be  tested 
was  oxidized  at  the  blowpipe,  reduced  in  hydrogen,  allowed  to 
cool  in  that  gas,  the  H  displaced  from  the  tube  by  dry  air,  the 
metal  re-oxidized  in  a  current  of  dry  air,  the  water  produced 
being  collected  in  a  weighed  tube  containing  pumice  moistened 
with  sulphuric  acid,  special  precautions  being  taken  to  exclude 
extraneous  moisture,  it  was  found  that  this  occlusion  actually 
took  place,  and  that  the  pulverulent  metal  formed  from  the  oxide 
reduced  on  the  surface  of  the  copper  was  most  active,  the  amount 
occluded  diminishing  progressively  as  the  metallic  powder 
becomes  denser  bv  successive  heating.  A  carefullv  conducted 
experiment  showed  the  occlusion  of  0*035  eram  of  hydrogen  by 
100  grams  of  copper.  But  curiously  enough,  it  appeared  that  the 
finest  precipitatea  copper  oxide  yields  a  finely  divided  metal  on 
reduction,  which  does  not  occlude  hvdrogen.  Moreover  the 
author  found  that  the  copper  thus  hyaroffenized,  reduced  potas- 
sium chlorate  to  chloride^  and  when  ignited  in  CO,  reducea  it  to 
CO.  Heated  in  CO  or  in  N,  all  its  occluded  hydrogen  is  given 
up.  Heating  alone  in  a  vacuum  does  not  set  free  the  gas.  The 
author  therefore  concludes  that  it  is  unsafe  to  n  employ  copper 
freshly  reduced  in  hydrogen  for  the  reduction  of  oxides  of  nitro- 
gen in  organic  analvsis  unless  the  metal  be  previously  ignited  in 
nitrogen  gas.— tTl  Vhem.  8oc.y  xxxv,  232,  May,  1879.     o.  p.  b. 

4.  On  the  Composition  of  Charcoal  from  pure  CeUuloae. — 
Bebthblot  has  examined  the  charcoal  produced  from  the  pith  of 
the  spindle  tree  {Euonymus)  in  the  process  of  carbonizing  this 
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word  for  the  manufacture  of  gunpowder.  This  charcoal  therefore 
was  made  out  of  contact  with  the  air  and  with  the  pyrogenio 
reaction  products.  After  drying  at  100®,  during  which  it  lost 
nine  per  cent,  it  was  burned  in  a  current  of  oxygen,  and  left  3*5 
per  cent  of  ash.  The  combustion  afforded:  carbon  ^S'C,  hydro- 
gen 2*2,  potassium  2*1,  oxygen  21-8,  giving  the  formula  Cf  JI^ 
K0„ ;  though  no  formula  is  actually  probable  of  course.  This 
charcoal  contains  oxygen  much  in  excess  of  that  which  a  simple 
hydrate  of  carbon  requires,  its  amount  beins  surprising.  This  is 
one  of  those  special  compounds  of'  high  molecular  weight  formed 
by  successive  condensations,  carbon  itself  being  the  limit  which 
is  finally  reached.— -4nri.  Chim.  Phys.^  V,  xvii,  139,  May,  1879. 

6.   F.    B. 

6.  On  the  Substitution  derivatives  of  Nitrogen  trichloride. — 
KQhlbb  has  investigated  the  bodies  discovered  by  Wurtz  and 
considered  by  him  derivatives  of  nitrogen  trichloride.  Tschermak 
first  established  the  correctness  of  this  supposition  by  acting  on 
dichlorethylamine  with  zinc-ethyl  and  obtaining  triethylamine. 
The  author  has  confirmed  these  results  and  has  produced  the  cor- 
responding methyl  compound,  dichlormethylamine  N.CH,.C1.  CI. 
It  IS  a  gold-yellow  liquid,  irritating  to  the  eyes,  boiling  between 
59^  and  60®,  and  quite  permanent.  EQhler  hopes  by  its  means  to 
produce  the  azo-compounds  of  the  fatty  series,  by  a  reaction 
analogous  to  that  by  which  phosphobenzene  is  produced  from 
phosphenyl  chloride  and  phenylpnosphine. — Ber.  Berh  Ghem. 
Oes.y  xii,  770,  May,  1879.  o.  p.  b. 

6.  On  the  Preparation  of  pure  Cuprous  chloride. — ^The  diflicul- 
ties  in  the  preparation  of  pure,  dry  and  white  cuprous  chloride  are 
well  known.  Kosbnfeld  naving  observed  that  tne  oxidation  prod- 
uct of  this  body  is  converted  into  copper  acetate  by  glacial  acetic 
acid,  while  the  cuprous  chloride  itself  is  only  difficultly  soluble  in 
this  liquid,  has  suggested  a  new  method  of  preparation.  By 
passing  SO,  gas  into  a  mixture  of  equal  molecules  salt  and  copper 
sulphate  in  solution,  the  cuprous  chloride  is  precipitated.  This  is 
collected  on  a  vacuum  filter,  and  washed  first  with  SO,  solution 
till  this  comes  through  colorless,  and  then  with  glacial  acetic  acid 
till  the  product  appears  perfectly  white.  The  acid  is  drawn  out 
of  the  precipitate  by  the  vacuum,  and  this  is  pressed  between 
paper  and  dried  on  the  water  bath,  or  in  the  air  at  ordinary  tem- 
peratures. Thus  made,  it  is  a  pure  white  powder  composed  of 
colorless  tetrahedrons  upon  which  strong  sunlight  has  no  action. 
Strong  sulphuric  acid  scarcely  acts  on  it.  In  the  dark,  dilute 
nitric  acid  is  also  without  action ;  but  when  suspended  in  nitric 
acid  diluted  with  six  parts  of  water,  the  cuprous  chloride  is 
extraordinarily  sensitive  to  light,  the  crystals  becoming  black 
with  a  luster  like  metallic  copper,  and  suffering  a  true  reduction. — 
Ber.  Berl.  Chem.  Oes.^  xii,  964,  May,  1879.  g.  p.  b. 

7.  On  the  Composition  of  Wood. — Thomsbn,  noticing  the  con- 
siderable quantity  of  extract  yielded  to  dilute  sodium  hydrate 
solution  by  birch  wood,  which  extract  was  precipitated  again 
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either  on  neutralizing  with  an  acid  or  on  the  addition  of  alcohol, 
has  made  a  systematic  examination  of  the  sabstance  thus  obtained. 
For  this  purpose  sawdust  from  birch  wood  was  treated  with  soda 
solution  of  1*1  sp.  gr.  for  24  hours,  diluted  and  filtered.  The 
brown  solution  on  saturation  with  H,SO  deposited  a  whitish 
gelatinous  precipitate.  Alcohol  acted  similarly  but  the  filtration 
was  easier.  After  washing  with  alcohol  and  drying  at  lOO*,  it 
constituted  fifteen  per  cent  of  the  wood  used.  As  it  acts  like  a 
gum  the  author  proposes  to  call  it  wood-gum.  Subsequently  a 
purer  product  was  obtained  •by  previously  treating  the  wood 
with  ammonia,  and  then  with  the  soda.  It  afforded  on  analysis 
carbon  44*6,  hydrogen  6*4,  corresponding  to  the  formula  C.Hj^O,. 
(/omparative  examinations  of  the  quantity  of  this  substance  in 
various  woods  were  then  made,  and  the  kinds  examined  by  the 
sulphuric  acid  method  arranged  themselves  in  the  following  order 
in  this  respect :  birch,  ash,  alder,  cherry,  white  beech,  oak,  pear, 
beech,  elm,* willow,  horse-chestnut,  maple  and  pine,  the  last  yield- 
ing only  traces.  The  quantity  was  greater  the  nearer  to  the  center 
of  the  tree  the  specimen  was  taken.  Wood-gum  is  insoluble  in 
cold  water,  but  dissolves  in  fifty  parts  of  boiling  water,  gelatiniz- 
ing on  cooling.  It  does  not  ferment  after  boiling  with  dilute 
sulphuric  acid,  does  not  reduce  the  copper  test,  and  rotates  to  the 
left. — J.prakt.  Ch.y  11,  xix,  146,  March,  1879.  g.  f.  b. 

8.  Dust  Mgures produced  by  Sound  Waves. — Her.  K.  H.  Shell- 
bach  and  £.  E.  Boehm  extend  the  work  of  Professors  E.  Mach 
and  Fischer  on  the  reflexion  and  refraction  of  sound  contained  in 
Pogg.  Ann.,  cxlix,  p.  421,  1873.  By  the  use  of  fine  coal  dust 
strewn  upon  paper  they  were  enabled  to  trace  the  effect  of  sound 
waves.  When  the  prepared  paper  was  placed  beneath  the  spark 
produced  by  a  Iloltz  machine,  provided  with  large  condensers, 
concentric  rings  appeared  which  were  due  to  the  sound  waves. 
When  the  spark  was  produced  between  converging  planes  the 
waves  of  reflection  of  sound  were  clearly  evident  upon  the  pre- 
pared paper.  The  various  theoretical  laws  in  relation  to  caustics 
Dy  reflection  from  spherical  surfaces  ^  the  reflection  from  one  focus 
of  an  ellipse  to  the  other  and  the  principle  of  Huggens  in  regard 
to  the  reflection  of  waves  of  light  were  distinctly  snown  to  hold 
good  experimentally  in  the  case  of  sound.  These  experiments 
are  analogous  to  those  of  Toppler,  published  many  years  ago. 
The  latter  physicist,  however,  gives  a  much  more  interesting  way 
of  studying  sound  waves  by  actually  illuminating,  so  to  spew,  the 
wave  itselt — AnncUen  der  Physik  tmd  Chemie^o.  6, 1879,  p.  1. 

J.   T. 

9.  OofitintwtM  Spectrum  of  Mectric  Sparks. — Professor  Aktok 
Abt  shows  that  the  spectrum  of  the  electric  (ipark  between  two 
conductors  in  water  and  other  fluids  is  a  continuous  one,  and  does 
not  contain  the  lines  which  are  apparent  in  the  spectrum  taken 
between  metallic  conductors  in  air.  He  attributes  the  continuous 
spectrum  to  the  particles  of  the  metals  of  the  electrodes  which  are 
raised  to  a  white  heat  but  not  to  the  gaseous  condition  which  pro- 
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duces  bands,  when  the  spectmm  of  the  spark  in  air  is  perceived. — 
Annalen  der  Phynk  una  Chemiey  No.  6,  1879,  p.  169.         j.  t. 

10.  A  New  ITieory  of  Terrestrial  Magnetism,  —  Professors 
Pbbry  and  Atbton  have  proposed  the  following  theory  of  ter- 
restrial ma^etism,  which  is  based  upon  the  experiments  of  Pro- 
fessor Rowland,  of  Johns  Hopkins  University,  Baltimore,  carried 
ont  in  PVofessor  Helmholtz's  laboratory.  In  these  experiments 
Professor  Rowland  showed  that  a  magnetic  needle  is  deflected  by 
the  movement  of  a  static  charge  of  electricity.  Professor  Row- 
land detailed  to  the  writer  of  this  notice,  two  years  ago,  in  Cam- 
bridge, the  same  theory  which  is  now  proposed  by  Professors 
Perry  and  Ayrton.  The  theory  is  that  the  revolution  of  the  earth 
beneath  the  electrical  charge  originally  and  at  all  times  present  in 
the  atmosphere  may  and  is  sufficient  to  account  for  the  magnet- 
ism of  the  earth. 

Professors  Perry  and  Ayrton  have  submitted  the  matter  to  cal- 
culation, and  find  that  the  difference  of  potential  between  the 
earth  and  space  necessary  to  produce  a  distribution  sufficient  to 
produce  the  observed  magnetic  efieot  can  be  represented  by  fifty- 
four  million  Daniell  cells.*  They  prove,  accordmg  to  this  theory 
that  "  if  the  earth  be  electrified,  it  must,  from  its  very  rotation, 
^uite  independently  of  all  other  bodies  in  the  universe,  be  mag- 
netic ;  and  if  it  consist  of  a  shell  of  iron,  thick  or  thin,  then  that 
the  law  of  distribution  of  magnetism  produced  by  this  electrical 
charge  in  mechanical  rotation,  will  be  identically  that  given  by 
Biot ;  and,  lastly,  if  the  earth  were  wholly  of  iron,  a  difference  of 
potentials  of  about  fifty-four  million  volts  between  it  and  space 
would  be  sufficient  to  produce  the  necessary  amount  of  charge. — 
PhU.  Ma^.^  No.  46,  p.  401,  June,  187 9.  j.  t. 

11.  JSxperimental  researches  in  Pure^  Applied  and  Physical 
Chemistry;  by  E.  Fkankland,  Ph.D.,  D.C.L.,  F.R.S.,  Ac.     1047 

Ep.  8vo.  London,  1877.  (John  Van  Voorst). — Dr.  Frankland 
as  made  a  most  acceptable  gift  to  chemical  literature  and  espe- 
cially to  the  convenience  of  students,  by  bringing  into  one  vol- 
ume his  numerous  memoirs,  extending  over  thirty  years  and 
scattered  in  various  Journals  and  Transactions.  The  sixty-four 
memoirs  here  reproduced  are  pretty  equally  divided  between  pure, 
applied  and  physical  chemistry.  The  rapid  and  fundamental 
changes  in  chemical  philosophy  and  notation,  which  have  occurred 
during  the  period  covered  oy  Dr.  Franklfuid's  memoirs,  changes 
toward  which  his  own  researches  have  largely  contributed,  have 
required  a  thorough  revision  of  the  notation  of  his  earlier  papers. 
The  volume  opens  well  therefore  with  a  reproduction  of  his  "  Con- 
tributions to  the  Notation  of  Organic  and  Inorganic  Compounds" 
from  the  Journal  of  the  Chemical  Society  (1866).  The  nine  chapters 
devoted  to  pure  chemistry  contain  some  of  the  most  important 
researches  wnioh  mark  the  progress  of  discovery  in  organic  chem- 
istry. For  example,  the  three  memoirs  on  the  "  Isolation  of  the 
Alcohol  Radicals,"  the  nine  memoirs  on  the  ^'  Synthesis  of  Organo- 
metallic  bodies,"  the  two  synthetical  researches  on  acids  of  the 
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lactic  series,  one  on  the  acids  of  tbe  acrylic  soies,  and. four  on 
fatty  acids.  Each  of  these  series  of  researches  fcmns  a  oontinooas 
work  and  is  prefMsed  by  an  analytical  remaniej  pr^Mred  for  this 
Yolome,  gi^g  the  anther's  mature  Yiews  on  reviewing  the 
several  8iH>jects  in  Uie  light  of  onr  {»%sent  knowledge. 

The  experimental  researches  on  varioos  snbjects  in  applied 
chemistry  are  fall  of  interest ;  they  include  among  the  sabjects, 
artificial  light ;  the  so-called  hydro-carbon  sas  process;  the  gas 
supplied  to  London  in  1851  and  1876 ;  contributions  to  the  knowl- 
edee  of  the  manufacture  of  gas ;  on  the  igmting  point  of  coal  gas ; 
and  on  magnesium  as  a  source  of  light;  all  of  which  are  r^ete 
with  valuable  data  both  theoretical  and  practical  The  chapter 
on  drinking  water  embraces,  in  six  menunrs,  a  mass  of  valuable 
original  research,  as  also  does  that  on  the  purification  of  foul  water, 
discussed  in  five  memoirs.  Every  student  of  public  hygiene  as 
well  as  chemists  will  profit  by  the  study  of  these  chapters. 

The  memoirs  on  the  influence  of  atmos|dieric  pressure  on  com- 
bustion, and  on  the  spectra  of  gases  and  vapors  form  the  opening 
chapters  in  the  section  on  Physical  Chemistry,  which  is  oontinuM 
in  memoirs  on  the  source  of  muscular  power  and  on  climate. 

Authors  like  Graham  and  Frankland  (and  we  may  add  Rnmford, 
whose  collected  memoirs  the  American  Academy  at  Boston  hav^ 
lately  made  accessible)  promote  the  pro^^ress  of  science  not  alone 
by  the  actual  work  done  by  them  in  original  research,  but  possibly 
quite  as  much  by  the  unconscious  influence  such  collected  memoirs 
exert  by  furnishing  models  of  investigation  worthy  of  imitation 
and  stimulating  others  to  a  generous  nvalry.  b.  s. 

12,  A  Ouide  to  the  Qualitative  and  QuafUitaHve  AnaluB%9  of 
the  Uriney  Ac.;  by  Dre.  Nbubausb  and  Yogbl,  with  a  JPreface 
by  Professor  Frssehius  ;  translated  from  the  seventh  enlarged 
and  revised  German  edition  by  Dr.  Elbridge  G.  Cutler  of  Massa- 
chusetts General  Hospital  and  assistant  in  the  Medical  School  of 
Harvard  University.  Revised  by  Dr.  Edward  S.  Wood,  Professor 
of  Chemistry  in  the  Medical  School  of  Harvard  University.  551 
pp.  8vo.  New  York,  1879.  (William  Wood  Ai  Ca).— A  new 
translation  of  Neubauer  and  VogePs  well  known  work,  which, 
since  1854,  has  passed  through  seven  editions  (to  1875)  in  the 
Qerman,  is  a  welcome  and  important  contribution  to  the  study  of 
this  special  department  of  Chemistry.  The  translation  of  this 
work  published  by  tbe  Sydenham  Society  in  1868  was  from  the 
third  edition,  since  which  time  very  important  changes  in  the  text 
with  numerous  additions  have  rendered  a  new  translation  essential. 
No  other  work  in  the  English  language  treats  this  department  of 
chemistry  in  so  systematic  and  thorough  a  manner,  and  it  is  risking 
little  to  say  that  this  translation  will  come  into  general  use  where- 
ever  medical  chemistry  is  taught  as  well  as  amone  chemists  and 
physicians  whose  investigations  demand  a  knowledge  of  the  best 
methods  of  analysis  and  pathology  in  this  direction.  b.  s. 

13.  C.  Gbbvuxb  Wiluams,  F.K.S.,  of  London,  has  just  added  a 
Supplement  to  his  Haadrbook  of  Chemical Manipulatioiu    88  pp. 
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8vo.  London,  1879.  (Van  Voorst.) — ^This  handbook,  well  known 
to  chemists,  contains  notices  of  new  methods  of  manipulation,  with 
twenty-three  figures  of  apparatus  adapted  for  improved  laboratory 
practice,  and  mostly  selected  from  contemporary  literature,  with 
some  things  not  before  published.  The  selection  is  generally  ju- 
dicious and  the  supplement  will  be  found  useful  in  every  working 
laboratory.  b.  s. 

14.  Specific  Chavity  of  the  Vapors  of  Phosphoric  Pentasulphide 
and  Indium  Chloride. — ^Victob  Mbteb  and  Cabl  Meyer  have 
determined  the  specific  gravities  of  these  vapors  by  the  method 
of  displacement  which  they  devised  and  had  previously  described. 
They  have  found,  in  two  determinations  for  the  vapor  of  phos- 
phoric pentasulphide,  the  specific  gravities  110*1  and  110*7  when 
H,=:l  and  for  that  of  indium  chloride  the  value  113*6.  As  the 
half  molecular  weight  of  P^S^  is  111,  it,  is  evident  that  this  com- 
pound— ^unlike  P^Cl^ — ^is  converted  into  vapor  without  disasso- 
ciation ;  and  since  the  specific  gravity  of  the  vapor  of  indium 
chloride  corresponds  very  closely  to  that  required  for  InCl,,  it 
would  ap^ar  tnat  this  compound  oueht  not  to  be  classed  with 
the^  sesquichlorides  Fe,Cl,  and  Al,Cl„  as  chemists  have  been 
inclined  to  place  it  since  the  investigations  of  Bnnsen  on  the 
specific  heat  of  indium. — Ber.  der  Deutsch  Chem.  GeseUsch,y  28 
April,  1879,  p.  609. 

n.  Geology  and  Natural  History. 

1.  Die  Dolomit-Hiffe  von  Sudtirol  und  Venetien.  Beitrdge 
zur  BiUhmgsgeschichte  der  Alpen^  von  E.  Mojsisovics  von 
MojsvIb.  562  pp.  8vo.  Vienna,  1878.  (Alfred  H5lder.)— The 
Dblomite  region  of  the  Southern  Tyrol  is  well  known  as  one  of 
the  most  remarkable  portions  of  the  Alps,  both  in  the  unique 
beauty  of  its  scenery,  and  in  the  variety  aud  interest  of  its  geo- 
logical structure.  The  strangely  picturesque  and  wonderrally 
varied  forms  of  the  dolomite  mountains,  sometimes  in  perpendicu- 
lar walls,  and  again  as  sharp  jagged  peaks,  give  the  region  a 
striking  character  of  its  own.  Moreover,  the  peculiar  interest 
connected  with  the  study  of  them,  as  also  that  of  the  accompa- 
nying igneous  rocks  and  the  contact  phenomena  involved  with 
them,  has  long  made  it  a  favorite  region  for  geological  study. 

The  present  work  gives  a  clear,  comprehensive,  and,  at  the  same 
time,  minute  description  of  the  ^eolo^cal  relations  of  the  whole 
region  by  one  whose  long  experience  in  the  study  of  the  Eastern 
Alps  has  thoroughly  fitted  him  for  his  work.  In  addition  to  the 
special  description  of  each  section  of  the  country,  with  the 
numerous  cuts  and  profile  views,  the  work  also  includes  several 
chapters  of  more  general  interest,  and  one  of  these  contains  a  dis- 
cussion of  the  Permian  and  Mesozoic  Formations  of  the  Eastern 
Alps.  The  closing  chapters  give  the  author's  views  in  regard  to 
the  method  of  formation  and  time  of  elevation  of  the  Dolomite 
peaks.    He  adopts  the  view,  first  put  out  by  Richthofen  in  1860, 
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that  the  dolomite  mountains  are  true  cored  re^s^  and  finds  oonfir- 
mation  for  it  in  the  massive  nnstratified  ohfuraoter  of  the  rock^ 
and  the  fact  that  while  poor  in  fossils  they  yet  contain  more  corals 
than  any  other  form  of  organic  remains. 

The  work  is  accompanied  by  a  large  and  finely  executed  geo- 
logical chart  in  six  sheets,  and  is  moreover  illustrated  by  thirty 
photo-engravings  (Albertypes)  which  give  an  admirable  idea  of 
the  most  striking  and  beautiful  features  of  the  country,  and  are  of 
great  service  in  making  clear  the  geological  descriptiona  b.  &  d. 

2.  A  Native  gekUinotM  SUicate.  —  Prof.  E.  Renevier  has  de- 
scribed the  occurrence  of  a  gelatinous  silicate,  having  the  compo- 
sition of  chabazite.  It  was  found  in  small  fissures  in  the  molasse, 
near  Lausanne,  Switzerland,  on  the  occasion  of  the  building  of  a 
tunnel  When  first  taken  out  it  was  in  a  gelatinous  state,  like 
semi-liquid  starch  paste.  Its  color  was  white,  translucent,  its 
luster  was  greasy,  and  the  touch  unctuous,  in  the  air  it  dried 
rapidly,  and  at  the  end  of  some  weeks  it^  was  transformed  into  a 
soft,  white,  sectile  mass,  having  some  consbtency,  and  more  or 
less  plastic.  If  exposed  still  lon^r  it  became  nearly  solid,  resem- 
bling steatite ;  in  this  condition  it  had  about  the  hardness  of  talc, 
and  Its  specific  gravity  was  found  to  be  2*08 — 2*10.  An  analysis 
by  Prot  Bischofl^  on  material  dried  at  100°  C,  afforded  the  fol- 
lowing results : — 

SiO,  ^MOt  OaO  MgO  E,0  H,0 

48*39         20*49         3*67         3*14         2*79         21*62=100*00 

This  corresponds  closely  with  the  composition  of  chabazite,  and 
Renevier  refers  it  to  this  species,  but  calls  it  a  '*  mineral  in  an  em- 
bryonic condition." — BuU.  8oc,  Vaud.  Sc  Naty  xvi,  81.    e.  s.  d. 

3.  NaturmsaenschafUiche'  Beitrdge  zur  Kenntnisa  der  Kau- 
kasuMncier  auf  Orund  seiner  Sammelbeute  herausgegeben^  von 
Dr.  OsoAB  ScHNEiDBR.  160  pp.  8vo,  Dresden,  IS'ys. — The  exten- 
sive collections  in  natural  history,  mineralogy  and  geology, 
made  by  Dr.  Schneider  in  the  Caucasus  during  the  summer  of 
1875,  have  been  worked  over  in  part  by  himself  and  in  part  by  a 
number  of  specialists,  and  the  results  are  contained  in  the  present 
volume.  The  minerals  have  been  studied  by  Professor  Frenzel ; 
among  other  points  he  describes  a  new  species  under  the  name  of 
urusite.  It  was  found  with  iron  vitriol  and  other  iron  salts  at 
Tscheleken.  Its  characters  are  as  follows :  it  occurs  in  rounded 
masses,  also  pulverulent  and  earth;^.  The  lumps  are  soft  and 
easily  crushea  to  a  powder  consisting  of  minute  orthorhombio 
crystals.  The  specific  gravity  is  2*22 ;  the  color  is  orange  yellow 
and  the  streak  ochre  yellow.  An  analysis  save :  SO,  42*08,  FeO, 
21*28,  Na^O  16*60,  H,0  19*80=99*66.  This  corresponds  to  the 
formula  Na^FeS,0„4-8H,0. 

4.  Miimovre  8ur  le  JPer  Natif  du  OromUmd  et  sur  la  Dolerite 
qui  le  renferme  par  J.  Lawbknce  SiirrH.  (Annales  de  Chimie  et 
de  Physique,  V,  xvi,  1879). — The  native  iron  of  Ofivak,  Green- 
land, was  discovered  by  Professor  N9rden8ki5ld  in  1870,  and  by 
him  described  as  of  meteoric  origin ;  later  writers,  however,  have 
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been  inclined  to  refer  it  to  a  terrestrial  rather  than  to  a  oosmical 
Bonrce.  This  matter  has  been  made  the  subject  of  an  extended 
memoir  by  Dr.  Lawrence  Smith,  and  his  conclusion  that  the  iron 
is  in  fact  terrestrial  is  so  thorouffhly  proved  that  it  can  hardly  be 
questioned  in  future.  Dr.  Smith  describes  in  detail  the  several 
varieties  of  the  iron  and  eives  analyses  of  them ;  he  has  also  inves- 
tigated the  dolerite  in  which  the  iron  occurs  both  chemically  and 
microscopically,  and  all  the  points  are  discussed  with  adnurable 
thoroughness.  The  remarkable  disinte^ation  which  has  reduced 
many  of  the  seemingly  solid  masses  of  uron  to  a  fine  powder,  Dr. 
Smith  attributes  first  to  the  loss  of  moisture,  which  results  in  the 
production  of  cracks  in  the  surface,  and  then  to  the  fact  that  the 
air,  having  access  to  the  interior  of  the  mass  and  meeting  the  iron 
in  a  finely  divided  state,  rapidly  causes  its  oxidation.  An  analysis 
of  the  unoxidized  iron  afforded  the  following  results :  G.  =  6*42 
Fe         Ni         Oo        Ou         P  S         01         0  (combined). 

98-16     2-01     0-80     0-12     0-32     0*41     0-02     284  =  99-18 

Other  varieties  of  the  iron  associated  with  the  dolerite  gave  some- 
what diflferent  results,  but  all  showed  the  presence  of  both  nickel 
and  cobalt  Associated  with  the  iron  in  the  dolerite  were  the 
following  minerals :  niccoliferous  pyrrhotite,  graphite,  hisingerite, 
magnetite,  spinel  and  corundum.  Of  these  the  graphite  is  the 
most  interesting  in  relation  to  the  explanation  ofiered  by  Dr. 
Smith  for  this  extensive  occurrence  of  native  iron.  He  argues 
that  the  basaltic  rocks  of  Northern  Greenland  at  the  time  of  tneir 
eruption  must  have  forced  their  way  through  lignitic  miocene 
beds,  setting  free  bv  their  heat  vast  amounts  of  gaseous  hydro- 
carbons, which  would  have  exerted  a  powerful  reducing  effect  on 
the  iron  oxides  in  the  basalt.  This  would  explain  the  considerable 
amount  of  combined  carbon  in  the  iron  and  also  the  large  amount 
of  graphite  present  in  the  rock.  Dr.  Smith  has  also  reinvesti- 
gated some  of  the  other  so-called  meteoric  irons  of  Greenland, 
K)uud  at  various  localities  for  lat.  N.  63®  to  76®.  He  concludes 
that  they  are  all  similar  to  the  Ofivak  iron,  and  probably,  like  it, 
are  of  terrestrial  origin. 

6.  Jarosite  (with  Gold), — ^This  rather  rare  species  occurs  quite 
abundantly  in  the  quartz  veinstone  of  the  Vulture  gold  mine  in 
Arizona,  whence  I  have  received  it  from  Mr.  G.  A.  Treadwell.  It 
fills  cavities  formed  from  the  oxidation  of  pyrite.  Fine  trans- 
parent, yellow  and  dark  brown,  rhombic  crystals — almost  micro- 
scopic, are  alternated  with  cryptocrystalline  masses,  in  which, 
occasionally,  are  seen  small  brilliant  particles  of  sold.  The 
Vulture  vein  is  enclosed  in  walls  of  a  schistose  gneiss  or  mica 
schist,  and  the  atmospheric  decomposition  of  the  sulphide  has 
been  so  complete  that  at  a  depth  of  nearly  300  feet  only  cubical 
cavities  and  a  curious  structure  due  to  the  removal  of  pyrite 
are  observed,  and  the  mine  at  that  considerable  depth  is  com- 
pletely  dry.  b.  s. 

6.  The  Botanical  Text-book.  {Sixth  edition,)  Part  Z  fStnu> 
tural  Botany^  or  Organography  on  the  basis  of  Morphology.     To 
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which  is  added  the  Principles  of  Taxonomy  and  Phytograpky^  and 
a  Glossary  of  Botanical  Terms;  by  Asa  Gray,  LL.D.,  etc.,  Fisher 
Professor  of  Natural  History  (Botany)  in  Harvard  University. 
442  pp.  8vo.  New  York  and  Chicago.  1879.  (Ivison,  Blakeman, 
Taylor  and  Company.) — The  first  ^ition  of  Dr.  Gray's  work  was 
published  in  1842 :  the  year  in  which  the  author  entered  upon 
the  duties  of  the  Fisher  Professorship  at  Cambridge.  Six  years  be- 
fore this,  however,  he  had  published  a  work  entitled  The  MlemenU 
of  Botany^  which  may  be  fairly  regarded  as  a  still  earlier  edition 
of  the  Text-book.  The  plan  of  this  early  work  was  generous  in  its 
scope,  and  was  philosophically  developed.  A  morphological  basis 
was  adopted  as  the  only  safe  one  on  which  to  build,  and  upon  this 
a  symmetrical  superstructure  was  erected.  It  was  no  ordinary 
sagacity  which  led  a  young  botanist,  without  experience  in  teaching, 
to  select  a  method  which  has  needed  no  essential  change  for  forty 
years,  and  which  is  to-day  generally  accepted  as  best  adapted  to  ele- 
mentary and  advanced  instruction.  The  "  Text-book,"  which  was 
developed  from  the  earlier  "Elements  of  Botany,"  has  passed 
through  several  editions,  the  last  of  which,  published  in  1862,  is 
widely  known  under  the  title, "  Structural  and  Systematic  Botany." 
A  still  further  development  of  the  plan  selected  at  the  outset,  neces- 
sitated a  division  into  separate  volumes,  and  it  is  of  this  that  men- 
tion must  now  be  made.  The  present  edition  of  the  Text-book 
has  outgrown  its  former  limits  and  is  to  be  embodied  in  four  vol- 
umes. The  first,  devoted  to  Organography,  upon  the  basis  of 
Morphology,  has  just  been  published ;  the  three  remaining,  to  fol- 
low after  a  time,  are  to  comprise  respectively.  Histology  and 
Physiology,  Cryptogamic  Botany,  Special  Morphology  of  the 
Natural  Orders.  Other  hands  are  to  aid  in  preparing  the  second 
and  third  volumes.  The  arrangement  of  the  early  chapters  in 
the  present  volume  is  nearly  the  same  as  that  of  former  editions, 
but  every  section  has  been  rewritten  and  considerable  new  matter 
added.  Important  changes  have  been  made  in  the  chapter  on 
Inflorescence,  or  Anthotaxy.  For  the  old  names  of  tne  two 
types,  the  new  ones,  Botryose  and  Cymose  have  been  substituted, 
and  the  forms  of  the  latter  are  for  the  first  time  in  English  placed 
upon  the  satisfactory  basis  suggested  by  Eichler.  The  terminol- 
ogy of  cymose  clusters  has,  until  recently,  been  much  neglected, 
and  has  given  rise  to  unnecessary  confusion.  An  analytical  table 
of  the  special  kinds  of  definite,  indefinite  and  mixed  inflorescence 
is  given  at  the  end  of  the  chapter,  and  will  be  found  useful  by 
students. 

The  sections  devoted  to  the  flower  have  undergone  very  great 
modifications.  The  deviations  from  the  type-^ower  are  discussed 
more  fully  than  in  any  former  edition,  and  the  adaptive  structures 
are  described  with  considerable  minuteness.  It  would  be  difficult 
to  find  a  more  succinct  exposition  of  the  mechanism  of  intercross- 
ing than  Dr.  Gray  has  given  in  section  IV.  The  special  morphol- 
ogy of  the  stamens  and  pistil  has  been  revised  throughout  and 
more  copiously  illustrated.    It  is  instructive  to  observe  how  little 
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Dr.  Oray'B  opinions  respecting  some  mooted  points  of  this  subject 
have  changed  in  the  successive  editions  of  the  Text-book ;  in  the 
present  issne  the  aathor  cites  with  quiet  satisfaction  the  freshly 
discovered  and  weighty  evidence  in  support  of  his  early  views. 
He  adheres  to  his  well-known  belief,  now  well  established,  that  pla- 
centae belong  to  carpels  and  not  to  the  canline  axis.  He  adopts 
the  theory  that  ovules  answer  to  leaf-lobes  peculiarly  transformed, 
or  to  outgrowths  of  a  leaf,  whether  from  its  edges  or  surface. 
Under  fruits  and  seeds,  little  new  matter  has  been  added,  except 
a  useful  synopsis  of  simple  fruits. 

Thus  far  the  work  has  dealt  with  Morphology  and  adapta- 
tions: the  last  part  of  the  volume  is  devoted  to  Taxonomy. 
This  presentation  of  the  principles  of  classification  may  be 
fairly  considered  the  most  important  chapter  in  the  work,  and  an 
abstract  must  be  made  almost  in  the  author^s  words.  Holding 
the  view  that  plants  do  not  rise  high  enough  in  the  scale  of  being 
to  reach  true  mdividuality,  the  author  takes  as  the  analogue  of 
the  animal  individual,  the  cell  in  the  lowest  grades  of  vegetable 
life,  the  phytomer  (phyton)  in  the  higher.  "  In  botanical  descrip- 
tion and. classification,  by  the  individual  is  meant  the  herb,  shruo, 
or  tree,  unless  otherwise  specified.'*  "  Species  in  biological  natu- 
ral history  is  a  chain  or  series  of  organisms  of  which  the  links  or 
component  individuals  are  parent  and  offspring."  '^  The  two  ele- 
ments of  species  are:  1,  community  of  origin ;  and,  2,  similarity 
of  the  component  individuals.  But  the  degree  of  similarity  is  ex- 
tremely variable,  and  the  fact  of  genetic  relationship  can  seldom 
be  established  by  observation  or  historical  evidence.  It  is  from 
the  likeness  that  the  naturalist  ordinarily  decides  that  such  and 
such  individuals  belong  to  one  species.  Still  the  likeness  is  a  con- 
sequence of  the  genetic  relationship ;  so  that  the  latter  is  the  real 
foundation  of  species.'*  Variation  within  the  species  is  next  dis- 
cussed, and  it  is  shown  that  only  observation  can  inform  us  how 
much  difference  is  compatible  with  a  common  origin.  The  gen- 
eral result  of  observation  is  that  plants  and  animals  breed  true 
from  generation  to  generation  witnin  certain  somewhat  indeter- 
minate limits  of  vanation :  that  those  individuals  which  resemble 
each  other  within  such  limits  interbreed  freely,  while  those  with 
wider  differences  do  not.  Hence  are  recognized  Varieties,  or  dif- 
ferences within  the  species,  and  Genera  and  other  superior  associa- 
tions, in  which  the  differences  are  more  striking.  Grades  denote 
degrees  of  likeness  or  difference ;  but  what  is  the  explanation  of 
the  likeness  between  species  themselves?  With  the  accepted 
facts  respecting  variation,  crossing  and  the  like,  before  him,  the 
author  adopts  the  theory  of  descent  and  limitation  by  natural 
selection,  to  furnish  an  answer  to  the  question  just  asked. 

On  page  380,  the  author  says,  '^  We  have  supposed  ....  that 
each  plant  has  an  internal  tendency  or  predisposition  to  vary  in 
some  directions  rather  than  in  others;  from  which,  under  natural 
selection,  the  actual  differentiations  and  adaptations  have  pro- 
ceeded.   Under  this  assumption  and  taken  as  a  working  hypotbe- 
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BIB,  the  doctrine  of  the  derivation  of  specieB  Berres  well  for  the  co- 
ordination of  all  the  facts  in  botany,  and  affords  a  probable  and 
reasooable  answer  to  a  long  series  of  questions  which,  without  it, 
are  totally  unanswerable.*'  Following  this  comes  a  short  section 
on  the  history  of  classification,  in  which  is  given  an  outline  of  the 
growth  of  the  natural  system. 

The  last  chapter  is  devoted  to  Phytography.  In  this  are  riven 
directions  for  describing  plants  in  tecnnical  lanc^uage,  and  for 
assigning  names  to  new  species  in  conformity  with  the  canons  of 
nomenclature.  The  fixation  and  precision  of  names  is  dealt  with 
critically  and  at  some  length.  Upon  many  points  which  have 
been  held  to  be  in  dispute,  the  law  is  pretty  authoritatively  laid 
down.  The  important  but  too  much  neglected  subject  of  herbo- 
rizing and  of  preparing  good  dried  specimens  of  flowering  plants, 
is  minutely  and  sensibly  treated  by  Mr.  Hoysradt.  Directions  for 
the  formation  and  care  of  an  Herbarium,  and  the  study  of  dried 
specimens,  are  both  as  fully  referred  to  as  the  space  could  warrant. 

The  volume  closes  with  a  long  list  of  the  signs  and  the  chief 
abbreviations,  including  those  of  authors'  names,  occurring  in 
systematic  treatises.  The  index  is  an  extensive  glossary,  in 
which,  for  the  convenience  of  many,  are  given  the  Latin  equiva- 
lents of  most  of  the  substantives  and  adjectives  employed  in 
botany.  From  the  foregoing  it  must  be  seen  that  the  present 
volume  of  the  work  is  adapted,  as  we  stated  in  the  outset,  to  the 
wants  of  the  advanced  student  and  the  working  botanist  alike. 

G.  L.  G. 

7.  Chronological  History  of  Plants  :  Mav^s  Record  of  his  own 
existence  iUvstrated  through  their  names^  uses^  and  companion- 
ship ;  by  Charles  Piokeeing,  M.  D.  Boston,  1879.  (Little, 
Brown  <fc  Co.) — ^This  is  a  quarto  velume  of  over  twelve  hundred 
closely  printed  pages,  about  half  of  which  were  already  in  type 
before  tne  death  of  the  learned  author,  which  event  took  place 
March  l7th,  1878.  The  remainder  has  been  printed  by  his  widow 
"in  exact  conformity  with  the  manuscript^'  The  work  is  ar- 
ranged chronologically,  and  begins  with  tne  year  4718  B.  C,  the 
so-called  Julian  reriod,  followed  immediately  by  4491  B.  0.,  the 
beginning  of  the  first  Great  Year  in  the  Egyptian  reckoning. 
The  first  plant  mentioned  by  Dr.  Pickering  is  Artemisia  Judaica 
of  the  desert  of  Sinai,  which  he  considers  to  be  the  plant  of  the 
field  of  Genesis  ii,  6,  and  the  second  is  the  tree  which  yields  bdel- 
lium, probably  a  palm,  JSorassus  dichotomuSy  though  possibly  a 
species  of  Bcisamodendron,  The  remaining  plants,  animals,  mu- 
sical instruments  and  metals  of  the  antediluvians  are  next  consid- 
ered, and  then,  with  the  year  4000,  Jan.  1st,  the  ninth  generation, 
he  passes  to  the  colonization  of  Egypt,  and  gives  first  a  systematic 
list  of  the  plants  composing  the  Desert  Flora,  and  then  a  similar 
list  of  the  maritime  Mediterranean  Flora.  Next  follow  forty-six 
pages  devoted  to  Egyptian  hieroglyphic  signs,  many  of  them 
primarily  significant  of  natural  objects.  Other  parts  of  the  world, 
with  the  names  of  kings,  writers,  animals,  plants  and  arts  follow 
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year  by  year,  or  generation  after  generation,  nearly  everything 
spoken  of  being  explained  or  interpreted  by  the  author,  onti^ 
turning  page  after  page,  we  do  not  know  which  to  wonder  at 
more,  his  vast  range  of  knowledge  or  his  patience. 

Had  he  lived  he  would  doubtless  have  written  his  own  Preface 
or  Introduction,  and  in  it  have  drawn  his  own  general  conclusions 
from  so  vast  an  array  of  facts.  As  it  is,  the  work  will  remain,  as 
Rev.  Mr.  Morrison  says,  a  vast  storehouse,  from  which  other  wri- 
ters may  draw  the  treasures  with  which  they  may  enlighten  their 
readers,  or  delight  mankind.  d.  o.  s. 

IIL  Miscellaneous  Scientipio  Intelligbncb. 

1.  Fcdl  of  a  Meteorite  on  the  lOth  of  May^  in  Iowa  ;  letter 
from  Professor  S.  F.  Peckham  to  the  editors,  dated  Minneapolis, 
Mav  29,  1879. — I  have  the  pleasure  of  informing  you  that  on  the 
10th  of  May,  a  meteor  exploded  and  fell  in  ftil]  daylight  at 
5  p.  M.,  at  Esterville,  Emmet  County,  Iowa.  One  of  the  frag- 
ments, weighing  about  600  pounds,  fell  on  railroad  land  and  was 
dug  up  from  a  depth  of  fourteen  feet  in  a  stiff  clay  soil.  Another 
smaller  portion,  weighing  about  170  pounds,  fell  on  the  farm  of 
A.  A.  Pingrey  at  a  distance  of  two  miles  from  the  first.  Many 
smaller  pieces,  of  a  few  ounces  or  pounds  weight,  were  scattered 
in  the  vicinity.  The  smaller  mass  fell  upon  a  dry  knoll  and 
penetrated  the  earth  vertically  to  a  depth  of  4^  feet.  The  fall 
was  accompanied  bv  a  noise  described  as  a  continuous  roll  of 
thunder  accompanied  bv  a  crackling  sound. 

Through  the  efforts  of  Professor  E.  J.  Thompson  of  our  Faculty 
the  smaller  mass  has  been  obtained  for  the  University  cabinet.  It 
is  irregularly  square  in  form,  about  15x18  inches  and  of  an 
average  thickness  of  six  inches. 

A  preliminary  chemical  examination  shows  the  metallic  portion 
to  consist  of  an  alloy  of  iron,  nickel  and  tin.  Full  half  the  mass 
consists  of  stony  matter,  which  appears  in  dark-green  crystal- 
line masses  embedded  in  a  light-gray  matrix.  When  the  whole 
is  powdered,  a  violent  reaction  ensues  on  the  addition  of  hydro- 
chloric acid,  which  is  increased  on  boiling.  The  boiling  acid 
appeared  to  dbsolve  all  but  the  gray  matrix^  abundance  of  iron 
passing  into  solution.  Some  of  the  crystalhne  masses  are  two 
inches  in  thickness,  and  exhibit  distinct  monoclinic  cleavage. 
Under  the  microscope  in  thin  sections,  olivine,  and  a  triclinic 
feldspar  appear  to  be  imbedded  in  a  matrix  of  pyroxene.  This 
work  is  in  the  hands  of  Professor  C.  W.  Hall  ot  the  University 
who  intends  to  make  a  very  thorough  investigation  of  the  optical 
properties  of  the  minerals  and  matnx. 

The  chemical  examination  was  first  attempted  upon  a  very 
small  quantity  of  material,  but,  now  that  we  have  an  ample  quan- 
tity, a  complete  analysis  of  the  several  minerals  and  the  alloy 
will  be  made.  A  small  piece  of  the  metal  polished  and  etchea 
exhibited  the  Widmanst&ttian  figures  very  finely. 
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The  larger  mass  is  still  in  the  hands  of  those  who  dug  it  from 
the  ground,  although  their  ownei*ship  is  contested  by  one  who 
claims  to  have  contracted  for  the  land  on  which  it  felL  Their 
ideas  regarding  its  value  enlarge  daily,  the  latest  announcement 
being,  that  they  should  feel  insulted  at  an  offer  of  15,000.  We 
trust  their  feelings  may  be  spared. 

2.  The  supposed  M^eorite  of  Chicago;  from  a  letter  to  the 
editors  from  Professor  E.  S.  Bastin,  dated  Chicago,  May  28, 
1879. —  ♦  ♦  ♦  I  have  concluded  that  what  was  claimed  to  be  a 
meteorite  could  not  have  been  anything  of  the  kind.  A  heavy 
shower  was  in  progress  at  the  time  (April  9th),  accompanied  by 
thunder  and  lightnmg,  and  according  to  all  accounts  at  the  very 
moment  the  fragments  of  the  supposed  meteorite  were  seen  to 
fall,  there  was  a  vivid  flash  and  a  loud  report  like  that  of  a  heavy 
stroke  of  lightning.  The  telephone  wires  in  a  dwelling  house 
that  stood  only  a  few  yards  from  the  place  where  most  of  the 
glowing  fragments  were  seen  to  fall,  were  melted  as  if  by  light- 
ning, and  more  or  less  disturbance  was  caused  in  other  wires  and 
telephones  about  the  neighborhood.  It  is  reasonable,  I  think,  to 
conclude  that  the  glowing  fragments  that  were  seen  to  fall  to  the 
side-walk  and  to  rebound  from  the  roofs  of  buildings  were  frag- 
ments of  the  melted  wires  heated  to  incandescence.  The  frag- 
ments that  were  picked  up  that  evening  and  the  next  morning 
and  were  claimed  to  be  portions  of  the  meteorite,  do  not  resemble 
any  meteoric  matter  I  have  ever  seen.  They  look  very  like  the 
slag  from  Ian  iron  furnace,  and  many  fragments  very  similar  to 
them  in  appearance  may  be  picked  up  almoat  anywhere  on  our 
streets.  A  chemical  examination  of  the  specimens  has  shown  that 
they  possess  none  of  the  characters  of  true  meteorites. 

3.  NordenakidlcPs  Swedish  Arctic  Expedition. — The  latest 
advices  from  Stockholm  (about  May  80th)  indicate  that  tele- 
graphic information  had  been  received  from  Siberia  to  the  effect 
that  the  Vega  was  in  winter  quarters  in  the  vicinity  of  Cape  Serdze- 
Kamen  (Heart -of- Stone)  in  about  lat  67*^  N.  and  Ion.  172**  W. 
Letters  had  not  been  received,  but  were  expected,  being  on 
their  way  from  Irkutsk,  and  were  said  to  be  of  the  (latest)  date 
of  February  8th,  in  which  the  jjrofessor  expressed  a  hope  to  be 
released  by  the  ice  in  Mav.  It  is  hardly  liKely  that  the  opportu- 
nity will  occur  before  July,  since  all  previous  experience  shows 
the  straits  to  be  closed  or  impeded  up  to  a  date  between  the  1st 
and  16th  of  July,  and  often  somewhat  later.    The  position  of  the 

Sarty  is  one  which  is  free  from  ice  every  year,  and  there  is  little 
oubt  but  that  the  Professor  will  be  able  to  carry  out  his  idea  of 
circumnavigating  Europe  and  Asia  in  the  Vega.  The  party  at 
the  date  of  writing  were  all  well,  and  the  letters  had  reached 
Yakutsk  via  Kolymsk  by  the  hands  of  traveling  natives. 

WM.  H.  DAIX. 

4.  Eruption  of  Etna. — ^The  new  eruption  beean  on  the  26th 
of  May,  and  on  the  28th,  after  two  days  of  ejections  of  fiery 
cinders  making  clouds  and  rain  of  volcanic  ashes  of  great  extent. 
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the  laya  was  seen  flowinz  toward  Randazzo.  The  Dew  craters 
are  situated  near  Monte  Nero,  6,232  feet  above  the  sea,  and  a 
fissure  has  been  opened  on  that  side  (the  northwest)  of  the 
mountain.  The  lavas  have  devastated  the  wood  of  CoUebasso, 
destroyed  the  vineyards,  and  also  a  bridge  across  the  Passo 
Pischiaro.  The  rate  of  flow  on  the  80th  was  one  meter  per 
minute.  According  to  reports  the  stream  has  nearly  reached 
Alcantara. — Nature^  June  12. 

6.  Influence  of  Coal-dust  in  CoUiery  Explosions. — ^An  investi- 
gation, by  W.  Galloway,  communicated  to  the  Royal  Society, 
on  experiments  as  to  the  influence  of  coal-dust  in  colliery  explo- 
sions, has  led  to  the  conclusion  that:  *^ Although  the  apparatus 
employed  appears  to  be  on  too  small  a  scale  to  solve  the  coal- 
dust  question  unequivocally,  the  results  obtained  with  it  appear 
to  be  sufficiently  conclusive  to  enable  us  to  affirm  that  an  explo- 
sion, occurring  m  a  dry  mine,  is  liable  to  be  indefinitely  extended 
by  the  mixture  of  air  and  coal-dust,  produced  by  the  disturbance 
which  it  initiates.  The  only  means  of  avoiding  the  dangers  due 
to  the  presence  of  coal-dust  in  mines  appears  to  be  to  carefully 
and  constantly  water  the  road-ways  l^ing  to  and  from  the 
working  nlaces.*' 

6.  Elepnant  Remains  of  Southwestern  part  of  Washington  Ter- 
ritory.— Mr.  J.  T.  Donald,  describes  in  tne  Canadian  Naturalist, 
vol.  ix,  no.  1,  the  discovery  of  a  collection  of  bones,  over  300,  in  a 
bog,  twelve  feet  below  the  surface.  They  are  referred  to  El^has 
primigeniuSy  var.  Jacksoni  {E.  Jacksoni  of  Briggs  and  Foster). 

7.  **  On  the  Cudgegong  Diamond-field^  New  /South  Wales.^^  By 
NoBMAN  Taylob. — The  diamonds  of  this  locality  occur  in  river- 
drift,  associated  with  gold  and  other  gems.  The  drifts  in  the  dis- 
trict are  at  least  six  in  number.  The  oldest  is  considered  by  the 
author  to  be  Upper  Miocene  or  Lower  Pliocene ;  the  next  middle 
Pliocene ;  others  Upper  Pliocene,  Pleistocene,  and  Recent.  Be- 
tween the  Middle  aud  Upper  Pliocene  flows  of  basalt  lava  took 
place  which  have  sealed  up  much  of  the  older  drifts.  Diamonds  are 
found  in  the  oldest  drift  and,  probably  by  derivation  from  it,  in 
the  newer.  Gold,  metallic  iron,  wood,  tin,  brookite  (?),  iron-sand, 
quartz,  tourmaline,  garnet,  pleonast,  zircon,  topaz,  sapphire,  ruby, 
and  corundum  are  also  found.  The  author  then  considers  the 
(]uestion  of  whether  the  diamonds  are  derived  from  some  of  the 
igneous  or  sedimentary  formations  (from  Upper  Silurian  to  Meso- 
zoic)  which  have  contributed  to  the  drift;  and  concludes,  from  a 
variety  of  reasons,  that  the  diamonds  have  been  formed  in  situ  in 
the  older  drift.— PAi/.  Jlfay.,  June^p.  442,  1879. 

8.  B^ort  of  the  New  York  State  Survey  for  the  year  1878, 
James  T.  Oardner,  Director. — ^The  third  annual  Report  of  Mr. 
Gardner  contains  a  statement  of  the  work  accomplished  in  1878, 
and  is  accompanied  by  four  large  maps  showing  the  completed 
triangulation  and  its  proposed  extension  during  the  coming  sea- 
son. The  field  work  has  been  principally  upon  the  central  belt  of 
triangles,  which  is  to  extend  from  Aloany  to  Bufiiftlo.    The  results 
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of  the  Survey  thus  far  have  been  most  important;  they  have 
revealed  so  ^at  a  decree  of  inaccuracy  in  existing  maps  of  the 
State,  that  the  completion  of  the  work  is  seen  to  be  a  matter  of 
the  highest  necessity.  It  is  satisfactory  to  know  that  the  appro- 
priations for  the  present  year  have  been  already  made. 

9.  Transdctions  of  the  Wisconsin  Academy  of  ScienoeSy  Arts 
and  Letters,  Vol  iv,  1876-77.  320  pp.  8vo.  Madison,  Wiscon- 
sin, 1878  — ^The  papers  in  the  Department  of  Natural  Science  here 
published  include  the  following :  Notes  on  Cladocera,  by  £.  A  ' 
Birge ;  on  the  Fauna  of  the  Niagara  and  Upper  Silurian  rocks  of 
Milwaukee  County,  Wisconsin,  by  F.  H.  Day ;  on  the  extent  and 
significance  of  the  Wisconsin  Kettle  Moraine,  by  T.  C.  Chamber- 
lin ;  and  papers  on  the  Mound  Builders,  by  £.  Andrews,  P.  R. 
Hoy  and  J.  N.  de  Hart. 

10.  Ocean  Wonders^  a  Companion  for  tlie  Seaside^fully  iUustror 
ted  from  living  subjects;  by  Wm.  E.  Damon.  230  pp.  12mo,  with 
many  illustrations.  New  York,  1879.  (D.  Appleton  &>  Co.)— 
Many  facts  respecting  the  productions  of  the  ocean  are  here  pre- 
sented in  an  attractive  way,  but  at  times  with  an  eagerness  for 
the  wonderful  and  sensational  that  carries  the  descriptions  quite 
beyond  the  actualities  of  nature.  We  think  nature's  wonders 
wonderful  enough  when  presented  as  they  are  without  exaggerar 
tion  from  fiction. 

'  1 1.  PaHs  Academy  of  ;%ience«.-— Professor  Asaph  Hall  has  been 
elected  a  corresponding  member  of  the  Astronomical  Section  of 
the  Paris  Academy,  to  fill  the  place  made  vacant  by  the  death  of 
M«  Santini. 

12.  British  Association, — ^The'49th  meeting  will  commence  at 
Sheffield  on  Wednesday,  Aug.  20, 1879.  The  President  elect  is 
Professor  Q.  J.  Allman. 

13.  American  Association* — ^The  next  meeting  will  be  held  at 
Saratoga,  commencing  on  the  last  Wednesday  m  August.  Pro- 
fessor G.  F.  Barker  is  President.  • 

14.  A  Memoir ^  Joseph  Henry:  a  /Sketch  of  his  Scientific  work; 
by  WiLUAM  B.  Taylor.  140  pp.  8vo.  Read  before  the  Philo- 
sophical Society  of  Washington,  Oct.  26,  1878. — An  excellent 
memoir,  admirable  in  its  full,  appreciative  and  learned  discus- 
sion of  the  scientific  labors  and  discoveries  of  Professor  Henry. 

16.  Observatory  on  Mount  Mna, — The  plans  of  the  Mount 
Etna  Observatory,  submitted  to  the  Italian  State  Secretary  for 
Public  Buildings,  have  been  sanctioned. 

16.  Barly  Man  in  Britain  and  JSis  Place  in  the  Tertiary 
Periody  is  the  title  of  a  new  work  by  Professor  Boyd  Dawkins, 
soon  to  be  published  by  MacmiUan  &  Co. 

OBITUABY. 

Prof.  Paolo  Volpicblu,  the  eminent  electrician  of  Rome,  died 
on  the  14th  of  April 
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Abt.  XIII. — Terminal  Moraines  of  the  North  American  Ice-Sheet; 
by  Wabrbn  Upham. 

Most  important  additions  to  our  knowledge  of  the  glacial 
drift  have  been  recently  made  by  the  Geological  Surveys  of 
Wisconsin*  and  New  Jersey,t  in  discovering  and  tracing  across 
these  States  distinct  series  of  hills  which  appear  to  have  been 
accumulated  at  the  margin  of  the  ^reat  ice-sheet,  correspond- 
ing to  the  terminal  moraines  of  alpme  glaciers.  The  contour 
of  these  deposits  is  very  irregular,  consisting  of  ridges,  mounds 
and  hills,  varying  usually  from  60  to  150  feet  in  height,  scat- 
tered and  joined  to  each  other  without  order  or  in  rudely  par- 
allel and  interlocking  ranges,  which  mainly  trend  in  the  same 
direction  as  the  whole  series;  with  many  equally  irregular 
enclosed  depressions,  which  are  bowl-shaped,  trough-like,  or 
crooked  and  branched,  often  containing  ponds.  The  material 
is  in  some  portions  till,  or  a  confused  mixture  of  bowlders, 
gravel,  sana  and  clay,  entirely  unstratifiied;  elsewhere  it  has 
few  or  no  bowlders,  and  consists  of  rounded  gravel  and  sand 
worn  and  deposited  in  layers  by  currents  of  water.  Diflferent 
epochs  in  the  glacial  period  are  evidently  marked  by  these 
series  of  hills,  for  that  which  crosses  New  Jersey  bounds  the 
area  of  striated  ledges  and  till,  which  extend  south  to  this  line 
but  not  beyond  it ;  while  in  Wisconsin  these  morainic  hills  are 
three  or  four  hundred  miles  north  from  the  extreme  limit  of 
the  glacial  drift.  The  former  series  is  thus  shown  to  have  been 
accumulated  when  the  ice-sheet  had  its  greatest  extent;  but 

*  Geology  of  Wisoonsm,  voL  ii,  1877,  pp.  205-216  aDd  608-636. 
f  Annual  Report  of  the  State  Geologist  for  the  year  1877,  pp.  9-22. 
Am.  Joub.  Sci.— Thibd  Sbbibs,  Vol.  XVIIJ,  No.  101— August,  1879. 
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the  latter  belongs  to  a  time  when  it  halted  and  probably  read- 
vanced,  after  a  period  of  warmer  climate  had  caused  it  to  make 
a  considerable  retreat  In  Ohio  a  belt  of  irregular  drift-hills, 
which  appears  to  be  the  second  moraine^  lies  about  seventy-five 
miles  north  from  the  boundary  of  glacial  action,  indicating  a 
convergence  of  the  two  series  toward  the  east 

In  the  region  traversed  by  the  writer  for  the  exploration  of 
these  hills,  mcluding  Long  Island,  southern  Rhode  Island  and 
Block  Island,  and  southeastern  Massachusetts,  with  the  adja- 
cent islands  of  Martha's  Vineyard  and  Nantucket,  both  of  these 
terminal  moraines  are  finely  developed,  lying  five  to  thirty 
miles  apart  The  New  Jersey  series,  marking  the  farthest 
limit  reached  by  the  ice-sheet,  continues  across  Staten  Island  to 
the  Narrows,  and  thence  extends  in  a  prominent  range  through 
the  middle  of  Long  Island*  and  its  southern  brancn  to  Mon- 
tauk  Point  A  second  series,  probably  contemporaneous  with 
that  of  Wisconsin  and  Ohio,  is  found  on  the  north  side  of  this 
island,  from  Port  Jeflferson  eastward  to  Orient  Point,  the 
extremity  of  its  north  branch,  beyond  which  it  forms  Plum 
and  Fisher's  Islands,  and  enters  the  State  of  Rhode  Island  at 
its  southwest  comer.  Thence  it  is  well  shown  at  a  distance  of 
one  or  two  miles  north  from  the  shore  nearlv  to  Point  Judith, 
where  it  apparently  turns  southward  into  the  ocean.  Twelve 
miles  to  the  south  the  first  range  is  again  lifted  into  view  in 
Block  Island,  a  knot  of  very  irregular  drift-hills,  which  resem- 
ble those  of  Montauk. 

The  sea  covers  the  next  thirty  miles  in  the  line  of  continua- 
tion of  these  series  of  hills,  beyond  which  both  of  them  rise 
above  its  waves  again,  the  northern  forming  the  line  of  the 
Elizabeth  Islands,  and  bending  to  the  northeast  and  north  on 
the  peninsula  of  Cape  Cod  to  near  North  Sandwich,  where  it 
turns  at  a  right  angle,  and  thence  runs  along  the  west-to-east 
portion  of  the  Cape  and  extends  into  the  ocean  at  its  east  shore. 
The  southern  moraine  forms  No  Man's  Land,  the  crest  of  Gay 
Head  and  prominent  ranges  of  hills  in  the  northwest  part  of 
Martha's  Vineyard,  extending  northeast  nearly  to  Vmeyard 
Haven.  Here  this  series  apparently  bends  to  the  southeast, 
somewhat  as  the  northern  range  turns  at  North  Sandwich,  but 
it  is  covered  beneath  plains  or  the  sea  for  much  of  the  way 
beyond  this  point  It  appears  unmistakably,  however,  on 
Chappaquiddick  and  Tuckemuck  Islands,  and  in  Saul's  Hills 
and  Sankaty  Head  on  Nantucket 

The  length  of  the  southern  moraine  in  its  course  from  San- 
katy Head  to  No  Man's  Land  is  fifty  miles,  and  its  whole  extent 
as  yet  traced,  to  the  west  line  of  New  Jersey,  is  about  three 

*  This  series  of  hills  on  Long  Island  was  well  described  by  Mather,  in  1843,  in 
the  Geological  Report  of  the  First  District  of  New  York,  p.  161.  etc 
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hundred  miles.  That  of  the  northern  moraine  from  the  east 
shore  of  Cape  God  to  the  west  end  of  the  Elizabeth  Islands  is 
sixty-seven  miles,  while  its  total  length  to  Port  JeflFerson  is 
about  one  hundred  and  eighty  miles.  The  distance  between 
these  series  at  Martha's  Vineyard  and  westward  varies  from  five 
to  fifteen  miles,  but  increases  eastward  to  thirty  miles,  where 
they  disappear  finally  in  the  Atlantic. 

The  Extreme  Terminal  Moraine. — ^This  series  of  drift-hills  in 
New  Jersey  begins  at  the  Delaware  River,  a  few  miles  above 
Easton,  and  extends  fifteen  miles  east-northeast  to  Townsbury ; 
then  twenty  miles  east  by  Hackettstown  to  Dover;  thence  it 
turns  to  the  south  southeast  fifteen  miles,  by  Morristown ;  and 
next  to  the  south-southwest  five  miles  to  the  east  part  of  Plain- 
field  ;  where,  and  for  ten  miles  southeast  to  Pertn  Amboy,  it 
forms  the  well-known  range  called  Short  Hills.  The  contour 
of  this  series  of  deposits  is  in  quite  irregular  hillocks,  with 
frequent  enclosed  hollows  and  ponds.  Its  material  is  stated  to 
be  coarse  unstratified  drift,  or  clay,  aand,  gravel,  and  bowlders 
of  large  and  small  size,  mixed  indiscriminately  together.  The 
profile  of  the  country  crossed  by  it  rises  from  about  300  feet 
above  sea  at  the  west  line  of  the  State  to  a  height  of  900  feet  at 
the  mountain  west  of  Townsbury,  and  to  1,200  feet  on  Schoo- 
ley's  Mountain,  ten  miles  &rther  east ;  near  Dover  it  has  a 
height  of  900  feet,  from  which  it  descends  to  sea-level  at  Perth 
Amboy. 

The  continuation  of  this  moraine  into  Pennsylvania  appears 
to  extend  southwestward,  being^  represented  by  a  similar  series 
of  drift-hills,  lately  traced  by  rrolessor  Frederick  Prime,  Jr.,* 
in  the  Saucon  valley,  ten  to  twelve  miles  southwest  from  Easton. 
He  also  discovers  at  about  the  same  distance  north  from  Easton 
a  second  moraine,  reaching  some  twelve  miles  from  the  Dela- 
ware River  at  Portland,  west-southwest  to  Wind  Gap  in  Kitta- 
tinny  Mountain.  The  perpendicular  distance  between  the  lat- 
ter series  and  the  west  end  of  that  which  crosses  New  Jersey  is 
about  eight  miles. 

Eastward  the  terminal  moraine  of  New  Jersey  is  distinctly 
continued  across  Staten  Island,  where  its  course  is  northeast 
twelve  miles  to  Port  Tompkins,  which  is  situated  on  its  crest 
at  the  west  side  of  the  Narrows.  On  Long  Island  it  forms  the 
site  of  Fort  Hamilton,  and  thence  takes  a  quite  direct  east- 
northeast  course  for  twenty-four  miles  to  Roslyn ;  next  it  runs 
nearly  due  east  about  sixty  miles  to  Canoe  Place  and  the  Shin- 
necock  Hills ;  beyond  which  it  bends  northeast  eight  miles  to 
near  Sag  Harbor ;  and  thence  continues,  with  some  interrup- 
tions, in  a  course  to  the  east  and  east-northeast  twenty-five 
miles  to  Montauk  Point.  This  moraine  on  Long  Island  consti- 
*  Proceedings  of  the  American  Philosophical  Society,  yoL  xviil,  p.  86. 
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tutes  a  very  conspicuous  line  of  hills,  bordered  along  most  of 
its  course  oy  nearly  level  plains  on  both  sides.  So  striking  is 
its  topograohic  effect  that  it  long  ago  came  to  be  commonly 
known  as  the  "backbone  of  the  island." 

This  range  is  the  southeast  boundary  of  Brooklyn,  Newtown, 
and  part  of  Flushing ;  forms  the  heignts  of  Greenwood  Ceme- 
tery, Prospect  Park,  the  Cemetery  of  the  Evergreens,  Ridge- 
wood  Reservoir,  and  Cypress  Hilf  Cemetery ;  runs  close  north 
of  Jamaica  and  Creedmoor;  and  holds  Success  or  Lakeville 
Pond  nearly  at  its  top.  Prospect  Hill  in  Brooklyn  is  194  feet ; 
Ridgewood  Reservoir,  170 ;  Richmond  Hill,  188 ;  Success  Pond, 
about  200 ;  and  the  highest  hills  near  this  pond  and  to  the 
north  and  east,  about  250  feet  above  the  sea.  From  the  Nar- 
rows to  Roslyn  this  series  of  irregularly  undulating  hills  is 
shown  by  many  excavations,  as  for  cellars,  streets  and  railroads, 
to  be  composedf  of  till,  or  unstratified  glacial  drift,  full  of  bowl- 
ders, most  of  which  are  rough  and  angular,  while  some  have 
their  sides  planed  and  striated.  This  is  the  true  terminal 
moraine  of  tne  ice-sheet. 

To  the  east  fh)m  Roslyn  this  accumulation  of  till  is  for  the 
most  part  covered  by  terminal  deposits  of  fluvial  origin,  which 
form  a  series  of  massive,  irregularly  grouped  and  connected 
hills  and  ridges  of  gravel  and  sand,  distinctly  stratified,  often 
in  oblique  layers,  and  containing  water-worn  pebbles  of  all 
sizes  up  to  a  foot  in  diameter,  but  having  few  large  bowlders  or 
none.  Harbor  Hill,  the  highest  point  on  Long  Island,  Jane*s, 
Ruland's  and  Osbom's  hills  are  of  this  modified  drift ;  as  also 
is  nearly  the  entire  range,  both  in  its  lower  portions  and  at  its 
highest  summits,  through  a  distance  of  more  than  seventy-five 
miles,  extending  from  Roslyn  to  Napeague.  Wheatly  and 
Kirby  hills  are  exceptions,  being  composea  of  till,  while  in  a 
few  other  places,  generally  of  small  area,  bowlders  are  found  in 
abundance.  The  hills  of  Montauk,  along  the  extreme  ten 
miles  of  the  island,  are  overspread  and  filled  with  bowlders,  but 
are  yet  plainly  stratified,  as  shown  by  cliffs  along  the  shore. 
Heights  of  these  hills  are  as  follows:*  Harbor  Hill,  half  a  mile 
east  of  Roslyn,  884  feet  above  sea ;  Wheatly  Hill,  three  miles 
farther  east,  about  380 ;  Spring  Hill,  two  miles  northeast,  and 
Kirby  Hill,  three  miles  east  from  last,  each  about  850 ;  Jane's 
Hill,  the  highest  of  the  West  Hills,  854;  the  Dix  and  Comae 
Hills,  about  250 ;  Pine  Hill  and  Mt.  Pleasant,  west  of  Ronkon- 
koma  Lake,  about  200 ;  the  Bald  and  Selden  Hills,  200  to  800 ; 
Ruland*s,  the  highest  of  the  Coram  Hills,  840 ;  Homan's  Hill, 
north  of  Yaphank,  about  250 ;  Terry's  Hill,  south  of  Manor- 
ville,  about  175 ;  Rock  and  Canada  Hills,  about  200 ;  Spring 

*  For  many  of  these  and  foregoing  heights  on  Long  Island,  I  am  indebted  to 
Mr.  Elias  Lewis.  Jr.,  of  Brooklyn,  who  presented  a  portion  of  them  in  this  Jour- 
nal, III,  ToL  ziii,  p.  235. 
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Hill,  about  250,  and  Osborn's  or  Bald  Hjll,  293,  the  last  two 
being  a  few  miles  southwest  from  Biverhead ;  the  East  Hills, 
and  the  range  onward  to  Canoe  Place,  150  to  200  feet;  Sugar- 
loaf,  the  highest  of  the  Shinnecock  Hills,  140 ;  the  Pine  Hills, 
150  to  250,  reaching  their  highest  eleyation  three  miles  south- 
west from  Sag  Harbor ;  Stony  Hill,  a  mile  northeast  from  Ama- 
Mnsett,  161 ;  Napeague  Hill,  the  highest  of  the  Nommonock 
Hills,  at  the  west  end  of  Montauk,  135 ;  the  Hither  Wood 
Hills,  two  miles  east  from  last,  about  200 ;  the  Bocky  Bid^e, 
east  of  Fort  Pond,  culminating  in  Fort  Hill,  about  150 ;  Sig- 
nal Hill,  highest  point  of  the  Shs^^annock  Hills,  east  of  Qreat 
Pond,  about  150 ;  east  of  Oyster  Pond,  about  100 ;  Montauk 
Pointi  about  seventy. 
Depressions  of  fifty  to  one  hundred  feet  below  the  highest 

?)rtions  occur  frequently  in  this  line  of  terminal  deposits, 
hat  passed  througn  by  the  railroad  a  mile  southwest  from 
Syosset,  is  about  140  feet  above  sea,  being  of  nearly  the  same 
height  with  the  plains  at  the  south  and  north.  Lake  Bonkon- 
koma,  the  largest  body  of  fresh  water  on  the  island,  lies  exactly 
in  the  course  of  this  series  of  hills.  Its  area  is  stated  to  be 
about  460  acres ;  its  height,  fifty-four  feet  above  sea ;  and  its 
extreme  depth,  eighth-three  feet.  The  only  stream  that  crosses 
the  line  of  this  moraine  on  Long  Island  is  Connecticut  Eiver, 
which  rises  on  its  north  side  and  flows  southward  at  the  west 
base  of  Homan^s  Hill,  its  valley  being  here  about  fifty  feet 
above  sea.  A  few  miles  farther  east,  between  Yaphank  and 
Manorville,  the  railroad  crosses  this  line  on  continuous  plains 
about  seventy-five  feet  above  sea;  as  also  does  the  Sag  Harbor 
branch  a  few  miles  southeast  from  Manorvilla  The  isthmus 
of  Canoe  Place,  which  joins  the  south  branch  to  the  main  island, 
is  composed  of  gravel  and  sand,  less  than  a  quarter  of  a  mile 
wide  and  rising  only  twenty  feet  above  sea-level.  The  j^rtion 
of  this  moraine  which  occupies  the  next  three  or  four  miles 
eastward  is  widely  famous  under  the  title  of  Shinnecock  Hills. 
Though  comparatively  low,  they  have  been  more  noticed  than 
other  portions  of  this  range,  because  the  traveler  finds  his  road 
winding  among  their  irregular  hillocks,  knolls,  ridges  and  hol- 
lows. They  are  better  seen,  also,  because  not  covered  by 
woods,  which  clothe  the  higher  hills  of  this  series  extending 
from  them  to  the  west  and  northeast  Their  material,  as  of 
the  series  generally  from  Harbor  Hill  to  Amagansett,  is  irregu- 
larly stratified  gravel  and  sand,  with  occasional  bowlders,  which 
here  vary  in  size  up  to  a  diameter  of  fifteen  feet  The  roads 
from  South  Hampton  to  North  Sea,  from  Sag  Harbor  to  East 
Hampton,  and  thence  to  the  Springs,  cross  the  morainic  line  at 
depressions  which  are  occupied  by  nearly  level  plains  about 
forty  feet  above  sea.    The  longest  interruption  in  this  series  of 
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hills  on  Long  Island  is  at  the  low  tract  of  recent  beach-sand 
and  marsh  called  Napeagae,  four  or  five  miles  in  length  and 
nearly  two  in  width ;  beyond  which  are  the  pastured  uplands 
of  Montauk,  extending  ten  miles,  with  depressions  to  sea-level 
at  Fort  and  Great  Ponds. 

The  cliffs  on  the  south  shore  of  Montauk,  twenty  to  one  hun- 
dred feet  high,  are  constantly  undermined  by  the  sea  and  pre- 
sent fine  sections,  composed  of  stratified  gravel,  sand  and  clay, 
the  latter  usually  containing  intermixed  gravel,  while  in  most 
portions  of  all  these  beds  occasional  and  sometimes  frecjuent 
bowlders,  up  to  three  or  more  rarely  five  to  ten  feet  in  diame- 
ter, are  embedded.  No  unstratified  deposits  were  found  in  an 
examination  of  these  cliflfe  for  nearly  seven  miles,  from  Fort 
Pond  to  the  light-house.  The  contour  of  this  peninsula  is  verj 
irr^ular,  with  many  small  ponds  and  swamps.  Its  surface  is 
everywhere  strown  with  bowlders,  often  very  abundantly,  so 
that  they  nearly  cover  the  ground.  These,  however,  very 
rarely  exceed  ten  feet  in  diamfeter,  being  of  small  size  as  com- 
pared with  the  enormous  blocks  which  are  found  occasionally 
near  the  north  side  of  the  island. 

These  accumulations  of  drift,  reaching  in  an  essentially  con- 
tinuous series  of  hills  nearly  200  miles,  from  Delaware  River 
to  Montauk  Point,  and  lying  as  already  stated  at  the  southern 
limit  of  glacial  action,  seem  to  be  terminal  deposits  dumped  at 
the  margin  of  the  ice-sheet  during  its  period  of  greatest  extent 
The  striated  summits  of  all  the  mountains  of  New  England, 
New  York  and  northern  New  Jersey,  show  that  the  glacial 
mantle  was  at  least  a  mile  thick  at  a  distance  of  200  miles 
north  from  its  southern  edga  Its  formation  from  the  annual 
excess  of  snow-&ll  left  unmelted  would  lead  us  to  suppose 
that  it  would  have  a  nearly  level  surface ;  and  its  motion  south- 
ward, caused  by  the  pressure  of  its  much  ereater  thickness  far 
at  the  north,  shows  that  these  plains  sloped  toward  their  boun- 
dary. The  Antarctic  continent  and  the  interior  of  Greenland 
are  now  covered  by  similar  fields  of  ice.  That  of  Greenland 
rises  steeply  at  its  edge,  but  after  a  few  miles  changes  to  a 
gently  inclmed  plateau,  elevated  above  the  highest  peaks  of 
the  land  on  which  it  lies,  and  apparently  of  immeasurable 
extent  Dr.  Hayes  found  the  angle  of  ascent  on  this  plain  to 
decrease  from  six  to  two  degrees  in  thirty  miles,  at  which  dis- 
tance he  reached  an  altitude  of  about  6,000  feet  It  is  evident 
that  such  an  ice-sheet,  in  being  pushed  over  hills  and  moun- 
tains, must  gather  detritus  and  bowlders  from  them  to  be  car- 
ried forward  in  its  mass,  which  would  thus  become  more  or  less 
filled  with  the  material  of  the  drift  at  least  to  the  height  of  the 
peaks  and  ridges  which  it  crossed.  Differences  of  direction 
and  angles  of  descent  in  the  slopes  of  the  surface  of  ice  above, 
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due  apparently  to  inequalities  in  the  amount  of  snow-fall  and 
of  melting  upon  adjacent  regions,  were  sufficient  to  make  angles 
and  lobes  at  the  termination  of  the  ice-sheet,  and  also  doubtless 
caused  downward  and  upward  currents,  by  which  much  of  the 
drift  gathered  while  crossing  a  nearly  level  area,  would  be  dis- 
tributed throughout  the  lower  part  of  the  ice,  probably  to  the 
height  of  several  hundred  feet  The  beds  oi  loose  material 
which  had  been  produced  by  long-continued  decomposition  of 
the  ledges  or  accumulated  by  previous  glacial  action,  together 
with  the  thick  fluviatile  deposits  that  probably  occupira  the 
valleys,  were  ploughed  up  by  this  ice-sheet  and  thoroughly 
kneaded  with  each  other.  Very  large  amounts  of  detritus  were 
also  added  from  erosion  of  the  rock-sur&ce.  Fragments  of  all 
sizes  and  in  Kreat  profusion  were  loosened  and  wrenched  away, 
while  tiie  ledges  were  everywhere  worn  and  striated  by  bowl- 
ders and  pebbles,  which  were  rolled  and  dragged  along  under 
the  vast  weight  of  ice,  breaking  up  and  grinding  themselves 
and  the  underlying  rock  into  gravel,  sand,  and  even  the  finest 
clay. 

The  material  which  was  thus  gathered,  mingled  and  swept 
along  in  and  beneath  the  moving  ice,  upon  reaching  its  termin- 
ation was  accumulated  in  heaps  and  ridges  of  unstratified  drift, 
full  of  bowlders,  and  identical  with  the  till  which  generally 
overspreads  the  ledges  and  underlies  the  modified  drift  of  gla- 
ciated r^ons.  The  moraines  of  Long  Island  and  southern 
New  England  show  the  same  division  in  the  character  of  these 
unstratified  deposits  that  appears  throughout  the  region  to  the 
north,  where  the  lower  till,  which  seems  to  be  the  ground- 
moraine  of  the  ice-sheet,  is  very  hard  and  compact,  dark  and 
frequently  bluish  in  color,  with  clayey  detritus  and  its  pebbles 
and  bowlders  planed  and  striated ;  while  the  upper  tiU,  com- 
monly from  one  to  five  feet  thick,  appears  to  be  material 
which  was  held  in  the  ice-mass  and  dropped  upon  the  surface 
at  its  melting,  being  distinguished  by  its  comparative  loose- 
ness, its  yellowish  color  caused  by  the  exposure  of  its  iron  to 
oxidation,  the  predominance  of  gravel  and  sand  instead  of  clay, 
and  by  the  abundance  and  large  size  of  its  bowlders,  which 
have  seldom  been  worn  or  rounded  except  by  the  weather. 

The  massive  hills  of  gravel  and  sand  which  form  so  promi- 
nent a  part  in  this  series  of  drift  deposits  heaped  at  the  termi- 
nal front  of  the  ice-sheet,  appear  to  have  been  brought  by  gla- 
cial rivers.  The  melting  of  the  ice  at  and  near  its  terminal 
front  exposed  the  detritus  which  it  contained  to  the  washing 
of  many  rills  and  small  streams  through  every  summer;  but 
before  the  retreat  of  these  ice-fields  under  a  change  of  climate, 
their  melting  was  extended  over  a  very  wide  area.  Their  sur- 
face was  then  hollowed  into  basins  of  drainage  and  channeled 
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by  rivers,  which  became  heavily  freighted  with  the  gravel,  sand 
and  clay  that  had  been  held  m  the  ice.  A  large  portion  of 
this  gravel  and  sand  was  laid  down  at  the  edge  of  the  glacial 
sheet,  where  these  rivers  descended  to  the  lower  open  area 
beyond;  and  when  the  ice  behind  them  disappeared  these 
deposits  remained  as  hills,  maiidng  where  the  border  of  the 
ice-sheet  was  even  more  conspicuously  than  its  unmodified 
terminal  accumulations  of  till  The  latter  appear  with  scarcely 
any  modified  drift  in  this  moraine  from  Fort  Hamilton  to  Bos- 
lyn ;  but  thence  to  Amagansett  a  remarkable  contrast  is  pre- 
sented, the  moraine  of  till  being  nearly  everywhere  buriea  by 
that  of  fluvial  gravel  and  sand.  Bowlders  in  these  stratified 
deposits  appear  to  have  been  brought  by  ice-floes  or  small  bergs, 
borne  on  the  glacial  floods.  Their  abundance  on  Montauk 
may  indicate  a  slight  advance  of  the  glacial  sheet  during  or 
after  the  deposition  of  the  stratified  beds,  carrying  forward  a 
multitude  of  bowlders  which  remained  on  the  surface  of  the 
ice  because  they  could  not  be  removed  by  its  stream&  At  its 
final  retreat  these  would  be  dropped,  forming  a  deposit  of  upper 
tiU. 

Previous  to  the  deposition  of  the  series  of  hills  of  Q[K)dified 
drift  which  we  have  described,  it  appears  that  the  ice-sheet 
reached  five  miles  south  of  this  line,  though  perhaps  only  for 
a  short  time.  This  is  shown  by  Manetto  and  rine  Hills,  which 
extend  in  massive  nortfa-to-south  ridges  from  the  West  Hills 
by  Melville  to  Farmingdale.  They  are  composed  of  stratified 
gravel  and  sand  with  rare  bowlders,  and  have  a  height  which 
declines  from  300  feet  above  sea  at  the  north  to  150  at  the 
south.  Three  miles  farther  east,  and  separated  from  the  fore- 
going by  a  plain  about  IQO  feet  above  sea,  are  the  Halfway 
Hollow  Hills,  of  similar  character  and  nearly  equal  height, 
extending  some  three  miles  south  from  the  west  part  of  the 
Comae  Hills.  Opposite  to  these,  on  the  north  side  of  the  west- 
to-east  moraine  series,  are  two  spurs  of  the  Dix  Hills,  which 
reach  three  or  four  miles  north  from  this  series,  being  likewise 
composed  of  modified  drift,  and  declining  in  height  northward 
from  250  to  about  200  feet  above  sea.  All  these  appear  to 
have  been  deposited  like  kames,  in  ice-walled  river-channels 
formed  upon  tne  surface  of  the  glacial  sheet  when  it  was  rap- 
idly melting.  The  southern  ridges  are  thus  of  earlier  date  than 
the  principal  series  of  terminal  deposits,  while  those  on  the 
north  were  probably  formed  immediately  after  this  series  dur- 
ing the  retreat  of  the  ice-margin. 

The  part  of  Long  Island  south  of  this  terminal  moraine  con- 
sists of  nearly  level  plains  of  fine  gravel  and  sand,  five  to  ten 
miles  in  width  and  extending  a  hundred  miles  in  length.  The 
height  of  their  north  portion  at  the  foot  of  the  hills  varies  from 
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fifty  to  one  hundred  and  fifty  feet  above  the  sea.  Thence  they 
slope  gradually  to  sea-level  at  the  south  side  of  the  island. 
Heights  upon-  these  plains,  determined  by  railroad  surveys,  are 
as  follows:  Jamaioa,  40  feet  above  sea;  Mineola,  108;  Hicks- 
ville,  142;  Farmingdale,  63;  Suflfolk  Station,  90 ;  Medford,  82. 
A  very  interesting  feature  ot  these  deposits  has  been  pointed 
out  by  Mr.  Blias  Lewis,  Jr.,*  who  finds  frequent  ancient  water- 
courses, fifteen  to  twenty  feet  deep,  crossing  these  plains  from 
the  hills  to  the  bays  of  the  south  shore ;  most  of  which  are  now 
dry,  except  that  springs  appear  in  them  one  to  three  miles  from 
the  coast  They  are  quite  straight,  with  few  tributaries,  their 
direction  being  generally  a  little  west  of  south.  Thirty  of 
these  ''plain  valleys,"  as  they  are  locally  called,  occur  between 
East  New  York  and  Riverhead,  a  distance  of  about  sixty-five 
miles.  In  some  cases  they  coutinue  below  our  present  sea- 
level  and  may  be  traced  nearly  across  the  enclosed  Days  to  the 
beach-ridge  which  divides  them  from  the  open  ocean ;  showing 
that  when  these  valleys  were  formed  the  sea  at  this  latitude  did 
not  reach  so  high  upon  the  land  as  now.  The  cause  of  this 
depression  of  the  ocean  we  may  well  understand,  when  we  con* 
siaer  hew  large  an  amount  of  wator  was  taken  from  it  and 
stored  up  in  accumulations  of  ice.  A  different  effect  of  these 
ice-sheets  in  high  latitudes  was  to  draw  the  sea  by  gravitation 
away  from  the  equator  toward  the  poles,  making  it  rise  much 
higher  than  now  in  the  St.  Lawrence  valley  and  in  arctic 
r^ons.  The  plains  south  of  the  torminal  moraine,  and  the 
water-courses  crossing  them,  appear  to  have  been  formed  by 
the  same  floods  that  deposited  the  hills  of  modified  drift  alone 
the  edge  of  the  ice-sheet  Much  of  their  finef  gravel  and  sand 
was  carried  forward  by  the  descending  currents  and  spread  in 
these  gently-sloping  plains,  while  the  channels  of  drainage, 
extending  to  the  sea-level  of  that  time,  seem  to  have  been  made 
by  the  same  waters  at  their  lower  stages. 

Underlying  this  modified  drift  of  the  plains,  and  sometimes 
rising  nearly  or  quite  to  the  surface,  as  at  the  clay-beds  of  Beth- 
page,  are  pre-glacial  formations  of  gravel,  sand  and  clay,  con- 
taining Poet-pliocene  shells  and  lignite  in  numerous  fragments 
or  occasionally  in  thin  layers.  No  bowlders  occur  upon  these 
plains  or  are  encountered  in  digging  wells,  which  however  often 
penetrate  to  the  fossiliferous  beds.  Below  the  various  depos- 
its of  the  terminal  moraine,  and  under  the  drift  upon  the  north 
side  of  the  island^  are  similar  beds  holding  recent  shells  and 
lignite.  The  greatest  elevation  at  which  any  of  these  fossils 
have  been  found  is  in  a  well  near  Manhassett,  where  they  had 
a  height  about  150  feet  above  sea. 

Gardiner's  Island  shows  a  fine  exposure  of  these  pre-glacial 

♦  This  Journal,  IIT,  voL  xiii,  pp.  U2-U6  and  216. 
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formations  overlain  by  drift  in  sea-cliflb,  thirty  to  fifty  feet 
high,  at  its  southeast  snora  Here  in  a  distance  of  a  sixtn  of  a 
mile  the  lower  strata  rise  in  two  antidinals,  which  dip  at  angles 
varying  from  10**  to  46**.  They  consist  of  doll-red,  brown, 
dark  and  black  clays,  and  brown,  yellow  and  white  sands. 
These  arched  strata  are  overlain  conformably  by  yellow  sand 
and  fine  gravel,  which  farther  east  are  interstratified  with  lay- 
ers of  white  and  dark  gray  sand  and  dark  clay.  About  800 
feet  east  from  the  northeast  anticlinal,  these  later  beds  dip  6** 
to  10**  eastward,  and  lie  in  the  following  ascending  order,  bq^n- 
ning  at  the  upper  edge  of  the  beach :  i&rk  gn^  sand,  nine  feet, 
underlain  a  little  to  the  west  \>j  a  compact  ^rruginous  layer 
one  foot  thick,  which  separates  it  from  white  sand ;  overlain  by 
six  feet  of  lighter  colored  sand,  its  upper  portion  filled  with 
shells^  for  two  or  three  rods,  at  a  heignt  which  varies  with  the 
slope  from  12  to  20  feet  above  sea ;  next,  10  feet  of  dark  clay, 
which  thins  out  at  100  feet  to  the  west,  but  increases  in  thioK- 
ness  to  the  east ;  then,  about  8  feet  of  coarse  gravel,  with  angu- 
lar pebbles  to  1^  feet  in  size,  becoming  coarser  150  feet  to  the 
west,  where  it  holds  angular  bowlders  4  feet  in  diameter,  these 
covered  by  about  10  feet  of  sand ;  which  also  forms  the  top  of 
this  section,  resting  on  the  gravel  to  a  thickness  of  about  8  feet 
The  coarse  gravel  and  overlying  sand  appear  to  be  glacial 
deposits,  and  these,  frequently  with  numerous  and  large  bowl- 
ders, form  the  surface  of  the  island,  rising  in  hills  126  feet 
high.  The  shell-bed  belongs  to  a  period  immediately  preced- 
ing the  ice  age,  in  which  the  sea  here  had  about  the  same  tem- 
perature as  now.  The  variously  colored  anticlinal  strata  are 
older  than  this,  but  yield  no  fossils.  They  are  probably  of  the 
same  date  with  similar  clays  on  the  northeast  side  of  the  same 
island,  on  the  south  side  of  Montauk  a  mile  west  from  the 
point,  and  at  Bethpage ;  as  also  with  the  lower  portion  of  the 
clifEs  near  Brown's  Pointf  Further  exploration  is  needed  to 
compare  these  with  the  lignitic  beds  of  Isiock  Island  and  the 
upturned  Tertiary  strata  of  Gay  Head. 

North  of  the  extreme  terminal  moraine  on  Lon^  Island, 
another  series  of  plains  of  gravel  and  sand,  varying  from  one 
mile  to  five  miles  in  width,  and  of  similar  height  and  south- 
ward slope  with  those  on  its  opposite  side,  extends  from  Syos- 
set  forty-five  miles  eastward  to  Riverhead,  and  thence  con- 
tinues alon^  the  north  branch  of  the  island  nearly  thirty  miles 
more  to  Orient  Point    The  description  of  these  plains  belongs 

*The  fossils  of  this  plaoe  were  described  by  Mr.  Sanderson  Smith,  in  the 
Annals  of  the  Lyoeum  of  Natural  History  of  New  York,  toL  Till,  p.  149.  See 
also  this  Journal,  III,  yoL  z,  p.  282.  Twenty*fiTe  speoiea  are  enumerated,  all  of 
which,  excepting  one  or  two  of  more  northern  range,  are  now  found  living  in 
these  waters. 

f  Figured  by  Mather  in  the  Ckological  Report  of  the  First  District  of  New 
York,  Plate  iv. 
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with  that  of  the  second  terminal  moraine,  which  lies  at  their 
north  sida  The  probable  orifin,  relation  and  significance  of 
the  drift  deposits  m  central  and  southern  Lone  Island  having 
been  now  pointed  oat,  similar  explanations  will  be  found  appli- 
cable to  their  continuation  eastward  and  to  the  like  series  of 
deposits  farther  north,  so  that  little  more  than  a  plain  descrip- 
tion of  them  will  be  required. 

Block  Island,  six  miles  long  and  three  and  a  half  miles  wide 
in  its  south  portion,  presents  the  next  segment  of  the  extreme 
moraine,  which  appears  with  the  characteristic  features  already 
described  for  Montauk,  from  which  it  is  distant  about  fifteen 
miles  to  the  northeast  The  first  account  of  this  island,  by 
Yerraszano  in  1524,  says  truthfully  that  it  is  ''  full  of  hills. 
Approximate  heights  of  some  of  these  are  as  follows :  Beacon 
Hill,  the  highest  point  on  the  island,  210  feet  aboye  sea ;  hill 
one-fourth  mile  south,  206;  Pine  Hill,  one-third  mile  north- 
west, 150 ;  Sandy  Hill,  near  Grace's  Point,  105 ;  Oherry  Tree 
Hill,  140;  Pilot  Hill,  185;  base  of  the  south  liffht-house,  152; 
Bush  Hill,  the  highest  in  the  north  part  of  the  island,  140. 
These  are  irregularty  grouped,  with  many  hollows  containing 
ponds  and  deposits  of  peat.  Sands'  Pond  is  about  125 ;  and 
jPresh  and  MitchelFs  Ponds,  about  90  feet  aboye  sea.  Great 
Salt  Pond,  which  lies  at  sea-leyel,  contains  some  1,000  acres ; 
the  contour  of  its  bottom  is  found  by  soundings  to  be  yery 
uneyen,  like  that  of  the  adjacent  land,  its  greatest  depth  being 
72  feet 

The  south  shore  of  this  island  is  a  continuous  line  of  blufis, 
40  to  160  feet  high,  and  four  miles  long.  At  their  northeast 
end,  hsdf  a  mile  from  the  light-house,  the  section  is  upper  till, 
two  feet ;  underlain  by  typical  lower  till,  dark,  compact  and 
full  of  rock-fragments,  twenty-fiye  feet,  reaching  to  tne  upper 
edge  of  the  beach.  At  200  to  400  feet  southwest  from  this, 
the  section  is  upper  till,  eight  feet;  underlain  by  dark  clay, 
stratified,  fifteen  feet ;  and  this  by  yellowish  grayel  and  sand, 
forty  feet,  to  the  beach.  About  a  quarter  of  a  mile  thence  to 
the  southwest,  the  order  is  about  fiye  feet  of  stratified  sand  and 
grayel  at  top,  with  numerous  bowlders;  dark  clay,  fifteen  feet; 
yellow  sand  and  coarse  grayel  with  irony  layers,  twenty  feet ; 
typical  lower  till,  unstratified,  about  forty -fiye  feet,  to  the  beach. 
At  the  light-house  the  clifis  are  160  feet  hi^h,  and  consist  of 
dark  clay,  stratified,  with  enclosed  layers  of  grayel  and  sand, 
the  clay  predominating  and  forming  three-fourths  of  the  whole. 
This  entire  bank  is  stratified,  often  yery  irregularly,  dipping 
10^  to  80°  in  different  directiona  Grayelly  layers,  containing 
pebbles  up  to  one  foot  in  diameter,  mostly  angular,  often  occur 
m  thick  beds  of  this  dark  clay ;  and  occasional  bowlders,  up  to 
two  or  rarely  fiye  feet  through,  are  embedded  in  all  these 
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deposits;  as  also  westward  where  sand  and  gravel  preyail, 
though  the  dark  clay  continues  abundant  At  one  point  only, 
about  a  quarter  of  a  mile  northeast  from  Black  Bock,  are  red, 
white  and  yellowish  clays  exposed.  The  bank  here  is  forty 
feet  high,  and  consists  mainly  of  the  dark  clay,  dipping  about 
40°  to  the  west,  and  having  layers  of  gravel  and  of  these 
brightly  colored  clays  interstratified  with  it  These  were  prob- 
ably derived  from  erosion  of  older  beds,  and  there  can  be  no 
doubt  that  this  whole  line  of  cliffs  from  the  base  to  top  was 
deposited  at  the  epoch  of  greatest  extent  of  the  ice-sheet 

Clay  Head,  at  the  northeast  shore  of  Block  Island,  also 
exposes  a  bed  of  typical  lower  till  at  its  north  end,  where  the 
section  is  six  feet  of  coarse  gravel  at  top ;  lower  till,  four  feet; 
and  stratified  sand,  five  feet,  to  the  beach.  The  highest  por- 
tion of  these  c\i&  at  a  half  mile  south  rises  about  100  leet, 
and  consists  of  gravel,  sand  and  dark  clay,  irregularly  bedded 
and  inclined  often  5®  to  15®  in  different  directions,  with  peb- 
bles up  to  one  foot  occurring  at  many  places  in  the  clayey  strata 
This  part  of  Clay  Head  seems  to  be  wholly  of  glacial  origin ; 
but  earlier  beds,  among  which  are  some  of  white  clay,  with  red 
clay  in  small  amount,  form  the  base  of  the  bank  a  third  of  a 
mile  to  the  south. 

Lignite  is  found  abundantly  for  a  quarter  of  a  mile  south 
from  the  breakwater  in  the  lower  part  of  the  bank,  twenty  to 
thirty-five  feet  high,  which  forms  the  shore.  It  occurs,  as  at 
Gay  Head  and  on  Lon^  Island,  in  fragments,  which  here  vary 
fromf  an  inch  to  a  foot  m  length,  preserving  the  distinct  grain 
of  the  wood  and  closely  resembling  charcoal ;  and  also  in  lay- 
ers, which  are  here  from  three  inches  to  two  feet  thick,  gener- 
.  ally  friable  and  earthy,  and  sometimes  much  like  peat  These 
frs^ments  and  layers  are  found  both  in  dark  clay  and  in  white 
sand ;  the  same  beds  also  enclose  layers  of  gravel  and  thin 
seams  of  white  and  red  clay.  These  beds  are  in  some  places 
folded  and  contorted,  but  mainly  lie  in  anticlinals  of  gentle 
slope,  capped  by  stratified  gravel  and  sand  with  enclosed  bowl- 
ders. The  surface  of  this  island  is  partly  of  the  same  modified 
drift  and  partly  till,  both  plentifully  strown  with  bowlders  up 
to  ten  and  rarely  twenty  feet  or  more  in  diameter. 

[To  be  continued.] 
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Art.  XIV. — Microphotography  with  Tollea^s  ^j^  inch  Objective  ; 
by  Ephraim  CuTrBR,  M.D. 

Ik  his  admirable  report  to  the  Surgeon  General  of  the  U.  S. 
Army,  on  microDhotc^raphv  with  sunlight  in  1871,  Surgeon 
J.  J.  Woodward  expressed  the  hope  that  others  would  carry 
out  the  idea  he  had  inaugurated  tor  demonstrating  original 
work.  The  writer  fuUy  appreciates  and  acknowledges  the 
great  aid-of  his  suggestions,  and  if  I  have  ventured  to  modify 
his  methods  it  has  been  from  the  force  of  circumstances  and 
peculiar  obstacles  to  be  overcome. 

I  think  that  my  modifications  have  made  the  way  plainer 
and  have  removed  obstructions  which  the  gentleman  in  ques- 
tion did  not  have  to  contend  with.  I  may  here  remark  that  I 
can  see  no  reason  for  preferring  microphotography  to  drawing 
exclusively,  or  vice  versa  ;  there  is  no  antagonism,  micrblogy 
needs  both  methods.    The  history  of  the  attempt  at  micro- 

Shotography  with  the  t^  is  as  follows:  In  1867, .Dr.  James 
[.  Salisbury  of  Cleveland,  Ohio,  had  a  work  ready  for  the 
press  on  the  causes  and  treatment  of  consumption  based  on 
850  cases.  In  1868  I  became  acquainted  with  it.  Not  to  enter 
into  details  it  is  enough  to  say  that  a  yeast  in  the  blood  is 
deemed  to  be  the  cause.  Tt  is  found  a  year  before  oi^anic 
disease.  Dr.  Salisbury  killed  104  hogs  by  consumption  arti- 
ficially induced  by  yeast  and  verified  it  by  autopsies  in  all 
the  cases.  From  my  own  knowledge  the  treatment  based  on 
this  principle  is  successful  beyond  anjthing  I  have  known 
before.  In  privately  making  these  things  known  I  was  met 
with  the  greatest  incredulity  as  to  the  evidence  which  was 
mostly  microloricaL  In  order  to  sustain  the  position  of  my 
master  I  took  Dr.  Woodward's  advice  and  resorted  to  micro- 
photography. In  my  labors  I  was  warmly  and  generously 
aided  by  Dr.  G.  B.  Harriman,  D.D.S.,  of  Tremont  Temple,  and 
to  this  gentleman  I  give  the  full  share  of  whatever  credit 
may  have  been  attained  in  photographing  with  Tolles's  J^  inch 
objective  for  the  first  time,  not  but  that  the  morpnology 
of  consumptive  blood  could  have  been  photographed  with 
lower  powers,  but  I  desired  to  show  those  interested  that  in 
elucidating  the  views  of  one  who  in  my  opinion  has  come 
nearer  to  the  real  nature  of  tubercle  than  any  one  before  him 
I  had  employed  the  best  instruments  of  precision  that  modem 
art  has  produced.  ^ 

Conditions  that  were  to  be  met, — 1.  It  was  necessary  that  the 
patient,  the  sun  and  the  apparatus  with  assistants,  should  all  be 
together,  because  the  blood  must  be  withdrawn  from  the  life 
stream  and  transferred  to  the  sensitive  plate  in  the  shortest 
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space  of  time.  2.  The  work  must  be  done  at  diflferent  locali- 
ties so  as  to  have  plenty  of  material  to  select  from  and  to 
avoid  disturbing  element&  From  these  considerations  it  is 
easy  to  see  that  the  Woodward  plan  of  a  dark  chamber  lai^e 
enough  to  hold  the  operators  and  assistants  could  not  be 
adopted,  as  it  could  not  be  carried  about 

Figure  1,  is  a  drawing  of  my  best  apparatua  Scale  ly^ 
inch  to  one  foot ;  the  base  is  a  black  walnut  1^  inch  thick 
board  55  by  11  inches;  it  is  finished  with  the  high  polish 
of  the  piano  maker's  art  so  as  to  be  insusceptible  to  warp- 
ing from  drying  or  wetting ;  running  through  the  middle  of 
it  are  two  brass  strips  1  inch  wide,  j-  thick  and  f  inch  apart 
Beneath  the  contiguous  edges  is  a  deep  furrow  or  groove  i  inch 
deep  and  4^  wide.  This  is  not  shown  in  the  cut ;  its  object  is 
to  have  alt  the  apparatus  move  in  one  definite  median  lina  At 
one  end  is  seen  the  sun  mirror  10  by  8i  inches,  swung  on  two 
arms  mounted  on  a  swivel-jointed  base ;  this  allows  of  universal 
motion.  Next  is  a  standard  mounted  on  a  base  that  is 
attached  to  the  brass  groove  by  a  *'T*'  inverted  below ;  the 
mirror  has  the  same  T,  the  standard  rises  16  inches  in  two 
grooved  posts  connected  at  the  top  it  is  8J  inches  wide; 
a  set  screw  runs  through  one  of  tne  posts;  in  the  groove  a 
quinque-laminated  veneer  6|V  inches  square  runs,  in  it  is 
a  hole  4  inches  in  diameter  which  admits  a  collar;  in  this 
collar  slides  an  18-inch  Yoi^lander  photographic  objective 
about  8  inches  in  diameter ;  this  is  adjust^  by  the  set  screw  in 
the  side  of  the  standard ;  next  on  the  board  comes  the  ToUes,  A 
microscope  stand.  The  mirror  is  removed  or  turned  out  of  the 
way,  the  stage  is  vertical,  the  Vt  inch  objective  is  that  on  the 
stand ;  the  eve-piece  is  removed  and  the  open  end  of  the  micro- 
scope is  pushed  within  the  tube  of  the  camera  whose  lenses  have 
been  removed  also.  The  camera  is  set  up  on  a  box  in  order  to 
get  the  requisite  height  to  bring  the  axis  on  a  line  with  that  of  the 
microscope.  The  camera  moves  on  the  box  and  the  box  moves 
on  the  base.  The  three  are  connected  as  follows:  a  groove  \ 
inch  wide  and  ^  inch  deep  is  cut  in  the  base  exactly  in  the 
median  line  and  at  right  angles  to  the  length.  This  is  filled 
by  a  piece  of  ebony  J  inch  to  \  inch  thick  and  4  or  more 
inches  long.  A  brass  plate  is  let  into  the  ebony  so  that  when 
it  is  secured  by  screws  it  forms  the  bar  of  the  inverted  T 
before  alluded  to.  When  in  situ  this  T  slides  under  the 
base  board  brass  strips.  This  arrangement  is  good  but  don't 
stand  travel  by  railroad.  The  same  arrangement  connects  the 
mirror  to  the  base  board. 

By  the  side  of  the  camera  is  a  rod  26  by  f  inches.  Two 
screw  eyes  are  let  into  the  base  board  just  at  the  ends  of  the 
rod.     A  screw  runs  through  the  eye  into  the  right  end  of  the 
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rod,  and  another  screw  with  a  milled  head  goes  through  the 
other  eye  into  other  end  of  thd  rod.  The  roa  is  thus  secured 
and  rotates  by  turniug  the  milled  head ;  17  inches  of  the  rod 
are  covered  with  sand  set  like  sand  paper ;  in  the  cut  this  is 
covered  by  a  sleeve  of  enameled  cloth  as  the  sand  is  detached 
by  contact.  When  used  the  sleeve  is  pushed  back  and  a  braid  or 
tape  is  run  over  the  rod  and  around  the  milled  head  of  the  fine 
aajastment  A  pin  secures  the  ends  of  the  tape  when  the 
proper  tension  is  made  by  drawing  them  over  each  other.  The 
delicate  focussing  is  made  by  the  hand  of  the  operator  while 
the  eyes  are  on  the  ground  glass  plate  of  the  camera ;  the  tape 
is  not  shown  in  the  cut. 

Remarks. — ^It  will  be  noted  that  the  peculiar  features  of 
this  arrangement  which  diflFer  from  Col.  Woodward's  plain  are, 
besides  the  portability ;  1,  The  size  of  the  condenser ;  2,  The 
absence  of  the  ammonio-sulphate  copper  or  alum  cell. 

1.  This  condenser  probaoly  is  the  largest  ever  employed  in 
microphotography.  The  reason  of  this  selection  was  simply 
to  avoid  heat  U  is  easy  to  see  that  if  a  two-inch  condenser  is 
regarded  as  sufficient  that  the  same  amount  of  light  could  be 
obtained  with  a  three-inch,  away  from  the  heat  focus  and  thus 
avoid  the  efiect  of  focussing  the  sun's  rays  on  the  object  and 
the  objective  This  practical  point  has  been  of  great  value 
and  explains:  2,  The  absence  of  the  contrivances  to  prevent 
the  passage  of  destructive  heat  Dr.  Woodward  has  trouble 
with  these  cells,  and  judging  from  lately  finding  him  engaged 
in  making  a  new  form  of  ceU  for  this  purpose,  it  would  seem 
as  if  this  cell  was  a  disturbing  element  still,  though  in  the 
hands  of  the  father  of  modern  microphotography. 

We  have  taken  a  large  number  oi  negatives,  some  of  which 
have  received  honoraole  mention  abroad:  see  Journal  de 
Micrographie,  Paris,  October,  1877,  and  have  used  no  device  to 
cut  on  heat;  hence  we  feel  justified  in  saving  ourselves  the 
trouble  of  a,  to  us,  unnecessary  appliance.  In  our  opinion  this 
cell  has  stood  in  the  way  of  the  more  general  adoption  of  the 
reproduction  of  microscopic  objects  by  photography.  We 
think  it  is  a  good  rule  to  use  the  simplest  and  fewest  things  to 
accomplish  a  purposa 

For  what  precedes  it  is  seen  how  the  i^t  ^°^h  objective  was 
used  for  photography.  The  object^  for  instance,  enlarged  white 
blood  corpuscles,  was  displayed  on  a  slide  by  the  sudden  dry- 
ing of  a  thin  film  of  blood.  The  corpuscles  were  found  bv 
means  of  a  low  power  and  centered  in  the  middle  of  the  field. 
Next  they  were  centered  bv  a  jV  inch  objective,  then  by  the 
y'j.  The  microscope  was  then  placed  as  shown  in  the  cut, 
the  eye-piece  having  been  removed.  The  axis  of  the  conden- 
ser, microscope  tube,  camera  and  the  center  of  the  mirror  were 
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all  ranged  in  one  lina  By  means  of  the  brass  farrow  in  the 
base  board  the  distances  between  them  were  changed  without 
getting  out  of  Una  The  sunlight,  the  chemicals,  and  all  else  had 
previously  been  found  in  working  order  by  practical  tests. 
Sunlight  was  thrown  by  the  mirror  through  the  condenser  on 
the  object  which  was  placed  just  beyond  the  heat  focus. 
We  found  that  the  brightest  and  clearest  days,  before  8  P.  M., 
were  the  best  One  observer,  with  his  head  and  the  camera 
covered  with  a  black  cloth,  noted  the  projection  of  the  image 
on  the  glass-ground  plate.  Another  fingered  the  fine  adjust- 
ment, or  it  was  done  by  the  focussing  rod.  When  the  image 
was  satisfactory  a  card  board  cut  oflF  the  light  by  interposition 
between  the  condenser  and  the  object  The  sensitized  plate 
then  replaced  the  glass  plate  and  exposed,  the  regular  exj>osure 
was  made  by  lifting  the  card  board  and  letting  it  fall  in  the 
course  of  half  a  second  or  more.  The  time  varies  and  must  be 
learned  by  trial.  Usually  it  is  shown  by  the  action  of  the 
chemicals  on  the  exposed  sensitive  film  in  the  dark  room. 
The  processes  afterward  were  those  of  the  ordinarv  collodion 
process.  It  was  necessary  of  course  to  look  over  the  printing 
and  instruct  the  printer  how  much  exposure  was  needed. 

In  photographing  yeast  with  the  i^  inch  objective  the  object 
was  wet  and  covered  with  a  film  of  mica.  The  following  facts 
may  not  be  out  of  place.  It  was  made  by  Eobert  B.  ToTles,  at 
Boston,  and  delivered  July  Ist,  1878.  It  was  ordered  by  Dr. 
Harriman  for  the  sake  of  working  up  his  demonstration  of  the 
presence  of  nerve  fiber  in  dentine.  (American  Journal  Dental 
Science,  May,  1870,  Dental  Cosmos,  Jan.,  1870.)  Its  angular 
aperture  is  170  degrees ;  its  actual  opening  on  the  face,  -^  inch. 
Cover  adjustment  moves  about  \  circle.  Works  wet  or  dry. 
Requires  the  aid  of  a  powerful  condenser.  Usually  it  works 
best  with  a  B  eye-piece  as  a  condenser  under  the  stage,  and 
with  the  thin  edge  of  a  common  coal-oil  flame  shining  "  direct" 
into  the  condenser.  It  has  to  be  used  on  a  first  class  stand 
whose  stage  is  absolutely  at  a  right  angle  to  the  tuba  With 
this  direct  light  the  fiela  is  clear,  white  and  flat.  The  objec- 
tive is  very  sensitive  to  jars  and  motions.  This  troubled  us 
much.  We  have  found  in  our  experience  that  a  cellar  in  a  lo- 
cality away  from  avenues  of  travel  is  the  best  place  to  work  in. 
When  an  object  is  in  focus  with  this  objective  a  gentle  grasp 
of  the  arm  that  connects  the  tube  with  the  trunion  joint  (see 
curt  is  sufficient  to  move  the  object  out  of  focua 

The  comparative  excellence  of  this  objective  is  not  one  for 
much  discussion  here';  some  have  hastily  said  that  it  was  of  no 
value,  not  having  used  it,  while  others  have  looked  at  it  with 
a  sort  of  awa  In  our  opinion  the  question  is  not  settled, 
though  we  think  something  toward  it  has  been  dona    As  far  as 
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our  work  has  been  concerned  we  know  that  we  could  not  have 
attained  our  results  with  another  objective  like  the  A^  f^r  in- 
stance, with  the  ease  and  facility  with  which  we  did  with  the  if^. 
While  we  feel  sure  that  the  practical  clinical  results  of  corrob- 
orating our  study  of  consumptive  blood  can  be  attained  with  ob- 
jectives of  \  inch  power — and  it  would  be  sad  if  it  were  not  so— 
at  the  same  time  we  are  sure  that  no  wrong  has  been  done  to 
any  one  by  pressing  the  if^  into  our  servica  Moreover,  if  by 
our  simple  arrangement  we  have  been  able  to  transfer  images 
with  the  highest  power  objective  ever  thus  used,  those  who  pos- 
sess the  low  powers  ought  to  be  encouraged  to  use  microphoto- 
graphy  with  the  sunlight  without  condensing,  or  witn  the 
ordmary  mirror,  or  with  the  B  eye-piece. 


Figure  2  is  a  section  of  the  writer's  device  for  such  work  ; 
it  may  be  gotten  up  at  a  trifling  expense,  a  is  the  tube  of 
the  microscope ;  6  is  a  paper  tube  80  by  2  inches.  A  nicely 
turned  plug  of  wood  adapts  the  microscope  to  the  paper  tube. 
To  save  space,  the  tube  is  broken  off  in  the  cut ;  a  deal  8  by  12 
by  f  inches  is  seen  in  section,  and  fitted  by  a  hole  to  the  paper 
tube  h.  c  is  a  section  of  the  ground  glass  plate  and  holder, 
d  is  the  clip  to  hold  the  plate  holders.  The  artist  has  omitted 
the  section  of  the  lower  cleat.  This  apparatus  is  adapted  to  a 
quarter  plate  and  a  two-inch  photograph.  An  assistant  should 
focus  and  adjust  the  light 

With  these  simple  arrangements  it  would  seem  that  the  hope 
expressed  at  the  outset  of  this  article  should  begin  to  be  realizeii. 

Tremont  Temple,  Boston,  April,  1879. 

Postscript — The  first  microphotograph  of  this  objective  may 
be  found  m  the  Yale  College  Library. 
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Art.  XVL — Magnetic  Strains  in  Iron ;  by  A.  S.  Kimball, 
Professor  of  Physics  in  the  Worcester  Free  iDstitute  of 
Industrial  Science. 

The  object  of  this  paper  is  to  describe  certain  experiments 
made  by  inducing  a  magnetic  state  in  bars  of  soft  iron  sub- 
jected to  varying  degrees  of  mechanical  stress.  As  the  result, 
we  always  have  changes  either  in  the  form  or  dimensions  of  the 
bar,  similar  to  those  produced  by  the  mechanical  stress  previ- 
ously applied,  and  therefore  the  term  magnetic  strain  does  not 
seem  inappropriate.  Some  of  the  phenomena  hereafter  to  be 
described  nave  been  observed  by  earlier  investigators.  These 
experiments  have  not  been  repeated  with  the  expectation  of 
detecting  errors  in  their  work,  nor  of  attaining  a  higher  degree  of 
accuracy,  but  rather,  to  afford  that  valuable  check  which  the 
reproduction  of  well  settled  phenomena,  with  a  new  disposition 
of  apparatus,  affords,  both  upon  the  accuracy  of  the  instrument 
and  the  skill  of  the  operator. 

Effect  of  Magnetizalicm  upon  the  Tenacity  of  Iron. — The  pieces 
of  iron  tested  were  pulled  asunder  by  a  Fairbanks  testing 
machine  of  58,000  pounds  capacity.  The  machine  consists :  Ist, 
of  a  large  platform  scale ;  2d,  of  a  powerful  screw-straining 
apparatus,  driven  by  a  belt  from  a  shaft  having  eight  changes 
of  speed;  the  motive  power  is  a  Corliss  engine  which  runs  with 

freat  regularity;  3d,  an  automatic  weighing  attachment  to  the 
earn,  by  which  it  is  kept  constantly  poised  as  the  stress  is 
applied  to  the  test  pieca 

The  delicacy  of  this  adjustment  was  such,  that  when  the 
testing  proceeaed  at  a  suitable  rate,  the  deflection  of  the  beam 
from  the  zero  point  did  not  indicate  a  stress  on  the  test  piece 
diflfering  more  than  two  pounds  from  that  shown  by  the  posi- 
tion of  the  poise  on  the  oeam.  The  scale  was  "  sensitive  "  to 
the  addition  of  one  ounce  when  the  platform  was  loaded  with 
4,000  pounds ;  and  on  the  removal  of  the  small  weight,  the  beam 
promptly  returned  to  its  normal  p<)sition.  The  course  of 
expenment  was  as  follows :  Several  pieces  of  the  same  kind  of 
iron,  made  as  nearly  as  possible  uniform  in  size,  were  broken  in 
the  machine.  The  alternate  ones,  in  the  order  in  which  they 
were  cut  from  the  bar,  were  magnetized  to  saturation  by  a 
helix,  through  which  a  constant  current  was  passing  during  the 
experiment.  The  heating  eflFects  of  the  helix  were  slight,  and 
probably  without  influence.  The  tabulated  results  were  then 
compared,  and  from  them  the  following  conclusion  was  reached  : 
A  soft  iron  bar  has  its  tenacity  increased  about  nine-tenths  of  one 
per  cent  by  magnetizing  it  to  saturation.  The  following  table 
gives  the  results  obtained  by  breaking  a  series  of  pieces  of 
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annealed  iron  wire,  very  uniformly  drawn;  approximate 
diameter,  •1628''.  Length  between  the  jaws  of  the  machine,  5". 
Time  required  to  break  the  magnetized  pieces,  sensibly  con- 
stant at  five  and  one-quarter  minutes;  for  the  unmagnetized 
pieces  slightly  less. 

Table  L 
No.  Uniiucnetlz«d.  Magnetized.  Dtfllerence. 

1  1201  9 

2  1210  8 

3  1202  11 

4  1213  11 

5  1202  14 

6  1216  15 

7  1201  9 

8  1210  7 

9  1203  9 

10  1212  9 

11  1203 


Mean,  1202  1212 

Minimum,  1201  1210 

Maximum,  1203  1216 

Differenoe  between  means,  10  lbs. 

Maximum  dilTerenoe  between  magnetized  pieces,  6  lbs. 

"  **  "        unmagnetiBed    "  2    " 

Another  series  of  experiments  upon  tel^raph  wire  gave  8*9 
lbs.  diflFerence  between  the  means.  Seventeen  pieces  of  wire 
were  broken.  A  series  of  ten  wires,  one-quarter  inch  in 
diameter,  eave  an  average  of  unmagnetized  pieces,  4582  lbs.,  of 
magnetizea  specimens,  4o72  lbs.     Difference,  40  lbs. 

S)me  hundreds  of  pieces  were  broken  with  the  same  resnlta 
A  magnetized  piece  always  proving  stronger  than  the  unmag- 
netized pieces  taken  from  the  coil  or  bar  on  either  side  of  it 
A  few  apparent  exceptions  to  this  rule  showed  flaws  in  the 
tested  pieces  on  close  examination.  The  average  increase  of 
strength  in  these  experiments  is  very  near  nine-tenths  of  one 
per  cent      In  every  case   the  strength  of   the  unmagnetized 

fieces  was  much  more  uniform  than  that  of  the  magnetized, 
n  the  Philosophical  Transactions  of  the  Royal  Society,  1874, 
p.  571,  Sir  William  Thomson  predicts  this  result  as  a  deduc- 
tion from  Mr.  Qx)re  s  experiments  on  Electro  Torsion. 

B^fct  of  Magnetization  upon  the  flexure  of  a  soft  iron  Bar. — 
Joules  experiments  upon  the  changes  in  dimensions  of  an  iron 
bar  when  magnetized,  formed  the  starting  point  for  this  part  of 
the  experimental  examination  in  question.  He  has  shown,* 
1st  That  if  an  iron  rod  be  compressed  longitudinally,  it  will  be 
slightly  donated  upon  being  made  a  magnet  by  a  surrounding 
helix.  *  2d.  That  the  amount  of  compression  does  not  affect  the 
magnetic  extension  so  long  as  the  magnetizing  force  remains 
the"  same.      3d.    That  the  same    phenomena,    in   kind   and 

^  Philoso{^ucal  Mag;mne,  184T. 
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amount,  occur  in  a  bar  which  is  neither  compressed  nor 
stretched.  4th.  If  the  bar  be  subjected  to  tension,  the  elonga- 
tion, on  making  it  a  temporary  magnet,  is  diminished,  and  as 
the  tensile  stress  increases  the  magnetic  elongation  diminishes 
through  zero  and  becomes  a  shortening.  5th.  Professor 
Mayer  has  shown*  that,  in  the  case  of  an  unstrained  bar,  the 
first  passage  of  the  current  elongates  the  bar  more  than  any 
subsequent  passage  of  the  same  current,  and  that  the  sec- 
ond, third  and  all  subsequent  elongations  of  the  bar  by  a 
constant  magnetizing  force,  are  equal  to  each  other ;  also  that 
the  shortening  of  the  bar  upon  breaking  the  current  is 
constant  and  equal  to  the  second  elongation.  These  facts, 
taken  in  connection  with  the  common  theory  of  flexure,  fairly 
indicate  one  or  two  phenomena  which  will  be  found  to  attend 
the  induction  of  a  temporary  magnetic  state  in  a  bar  strained 
transversely.  We  see,  from  what  has  been  said,  that  the  neu- 
tral axis,  and  all  the  fibers  on  the  concave  side  of  the  bar 
which  have  been  shortened  by  compression,  will  be  elongated 
by  the  action  of  the  magnetizing  force,  while  the  fibers  of  the 
bar  on  the  convex  side,  which  have  been  subjected  to  tensional 
strain,  will  either  be  elongated  by  a  less  amount  or  will  be 
shortened.  As  the  result  of  this  action  we  may  be  tolerably 
sure  that  the  bar  will  be  straightened.  It  is  much  safer,  how- 
ever, in  this  case,  to  proceed  with  our  investigation  experi- 
mentally, since  neither  the  theory  of  ma^etic  action  in  iron, 
nor  that  of  transverse  elasticity,  can  be  said  to  have  been  fully 
developed. 

The  apparatus  used  in  this  part  of  the  investigation  was 
simpla  A  very  rigid  iron  casting,  with  supports  for  a  micro- 
meter screw,  and  the  ends  of  the  iron  rod  to  be  examined  upon 
its  upper  side,  was  placed  upon  the  platform  of  a  Fairbanks 
scale.  The  iron  rod,  carefully  freed  from  magnetism  and  en- 
closed in  its  helix,  was  adjusted  upon  its  supports  so  that  the 
Eoint  of  the  micrometer  screw  was  just  below  its  middle.  The 
elix  was  made  in  two  parts  for  convenience  in  loading  the 
bar.  The  middle  of  the  bar  supported  one  corner  of  a  trian- 
gular platform,  whose  sides  were  four,  eight  and  nine  feet 
The  other  comers  of  this  platform  were  supported  upon  points. 
This  disposition  of  apparatus  proved  very  satisfactory.  The 
load  upon  the  bar  was  easily  and  accurately  determined  by  the 
scales,  while  the  stability  of  the  triai^ular  platform  permitted 
the  addition  or  removal  of  weight  without  seriously  disturbing 
the  adjustment  of  the  bar.  The  micrometer  screw  had  sixty 
threads  to  the  inch,  and  its  head  was  graduated  to  three  hun- 
dred parts.  The  unit  of  measurement  is  therefore  rrfinr  oi  an 
inch.  At  first,  contacts  of  the  screw  with  the  bar  was  deter- 
*  This  Journal,  August,  1873. 
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mined  by  an  electric  bell,  but  the  probable  error  of  setting  the 
screw  being  greater  than  one  division  of  the  screw  head,  a  more 
exact  meth(3  was  sought.  The  following  device  was  finfJly 
hit  upon,  which  gave  results  which  may  be  trusted  to  one-half 
divisions.  The  iron  bar,  micrometer  screw,  and  a  telephone 
were  put  in  the  circuit  of  a  very  weak  Leclanche  cell. 
When  the  screw  was  turned  up  to  loose  contact  with  the  bar,  the 
familiar  boiling  sound  of  a  too  sensitive  microphone  was 
heard,  which  ceased  the  instant  firrrt.  contact  was  made.  The 
change  from  the  loud  boiling  sound  to  silence  was  abrupt  and 
sharply  defined.  In  the  writer  s  experience  this  is  by  far  the 
most  reliable  method  of  determining  the  contact  of  a  screw. 
In  the  following  experiments,  bars  of  iron  f  square  and  24" 
long,  between  the  supports,  were  used.  The  helix  and  battery 
were  powerful  enough  to  magnetize  it  to  saturation.  The  fol- 
lowing table  gives  the  results  obtained  in  one  seriea  Complete 
transcripts  of  the  laboratory  notes  are  given.  The  deflection  of 
the  bar  increases  with  the  readings  of  the  screw.  Of  those 
readings  only  the  tens  and  unit  figures  are  retained,  as  the 
others  may  be  easily  supplied. 

Column  A,  in  the  table  gives  the  number  of  the  experiment; 
B,  the  weight  on  the  bar ;  C,  total  deflection  aflier  the  weight  is 
put  on ;  D,  increase  of  weight ;  £,  increase  of  deflection  due  to 
mcrease  of  weight;  F,  scale  readings  when  the  current  is  off; 
G,  scale  readings  when  the  current  is  on  ;  H,  decrease  in  deflec- 
tion with  the  first  current  after  a  change  in  load ;  I,  decrease  in 
deflection  with  the  second,  third,  etc.,  currents  after  a  change  in 
load;  J=I-H. 

Table  II. 


A. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

16 

16 

17 

18 

19 

20 


14 


22 


I 

140 


307i 


481 


D. 


8i 


s 

I 

140 


167 


173i 


87 

86 

86 

26 

27 

27 

95i 

97i 

97i 

71 


G. 


83 

83 

83 

19 

19* 

19 

86 

86 

86 

69 


H. 


H 


12 


IH 


22 


30i 


38* 


46i 


481 


652 


820 


991 


D. 


8i 


8i 


I73i 


171 


168 


171 


72 
72i 

45 

45 

13 

15 

141 

85i 

87 


G. 


59 

59 

28i 

28i 

28i 

97i 

97i 

97i 

66 

66 


H. 


15 


15i 


19i 


13 


16i 

isi 


171 
17 


21 


H 


1* 


u 


Digitized  by 


Google 


A.  S.  Kimball — Magnetic  Strains  in  Iron. 


108 


A. 

B. 

c 

D. 

41 

66 

1160 

H 

42 

*' 

tt 

ti 

43 

it 

a 

It 

44 

i( 

tt 

ti 

45 

It 

•  t 

tt 

46 

tt 

tt 

ft 

47 

62i 

1325^ 

n 

48 

ti 

it 

tt 

49 

tt 

t> 

tt 

50 

It 

tt 

tt 

51 

it 

tt 

it 

52 

U 

•» 

tt 

53 

70i 

1499i 

71 

54 

•t 

:t 

It 

55 

tt 

tt 

tl 

56 

it 

tt 

it 

67 

t. 

tt 

tt 

58 

tt 

tt 

tt 

69 

78i 

1664 

H 

60 

ti 

it 

61 

'' 

tt 

It 

62 

tl 

tt 

It 

63 

t. 

tt 

11 

64 

tt 

tt 

tt 

66 

86i 

1837 

H 

66 

»t 

tt 

tt 

67 

•' 

tt 

tt 

68 

** 

tt 

»t 

69 

tl 

It 

it 

70 

tt 

tt 

tl 

71 

94i 

2005 

H 

72 

tt 

tt 

tt 

73 

tt 

it 

tl 

74 

tt 

t. 

tt 

75 

tt 

It 

it 
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tt 
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tl 
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tt 

tt 
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80 

it 
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It 

81 

tt 

tt 

tt 

82 

tt 
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tt 

83 
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84 

ti 

tt        tt 

85 

tt 

tt 

''     1 

E. 


169 
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"  68 

tt 

"  58i 

tt 
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it 
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t. 
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"  I- 
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164i 
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166i 

it 
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92i 

57 

58i 
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2ii 

iii 

21* 
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|37 
37 
37 

"ii 

'ii 

68 

68 

68 

33i 

34 

33i 

98 

98 

98 

68 


69i 

72J 

72i 

38 

39i 


68 

68 

44^ 

44i 

44i 

121 


H.  I. 


19 


19i 


22 


23i 


23i 


23 


25 


25i 


21 
21i 


21i 


24 


24i 


24i 


24i 


25 


25i. 


J. 


2i 


2i 


H 


25*;  2 


25* 
26 
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86 

87 

88 

89 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 
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10 
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119 
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20 

20 

21 

85 

87 

88 
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65 
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48i 

5H 
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64 

33 

36 

37 

38 

29 
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92 
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59i 


60 
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36* 


37 


37* 


22 


23^ 


25 


26 
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26 
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27 
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27 


8 
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28 
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During  the  experiments  with  94  and  103  pounds,  students  were 
passing  to  their  recitation  rooms  on  the  same  floor  with  the 
apparatus,  making  it  quite  difficult  to  determine  accurately  the 
contact  of  the  screw.  It  will  be  seen  that  the  deflections  of 
the  bar  shown  in  C  are  proportional  to  the  loads,  as  far  as  120 
lbs.  Above  this  load  the  deflections  increase  more  rapidly. 
Apparent  variations  from  this  law  may  be  ascribed  to  want  of 
accuracy  in  weighing,  as  there  may  be  an  error  of  J  lb.  either 
way,  which  corresponds  to  6  scale  divisions.     The  experiments 
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were  designed  to  show  changes  produced  by  the  passage  of  the 
current,  and  accuracy  in  weighing  was  not  at  first  deemed 
essential.  The  experiments  described,  and  many  others  of  a 
similar  nature,  seem  to  establish  the  following  conclusions.  If 
a  soft  iron  bar  surrounded  by  a  helix  and  loaded  as  above  be 
subjected  several  times  to  the  action  of  a  constant  magnetizing 
current :  Ist  The  first  time  the  current  is  made,  the  deflection 
of  the  bar  is  diminished.  2d.  When  the  current  is  broken, 
the  weight  produces  a  greater  deflection  in  the  bar  than  before 
the  current  was  passed.  3d.  The  second  and  subsequent  cur- 
rents produce  a  greater  diminution  of  deflection  than  the  first 
4th.  The  deflection  during  the  passage  of  the  first  and  every 
succeeding  current  is  always  the  same.  The  same  is  true  of 
the  deflection  after  each  current,  but  the  deflection  previous  to 
the  passage  of  the  first  current  lies  between  those  just  specified. 
5th.  Although  the  second  and  subsequent  currents  have  no 
power  for  the  production  of  additional  permanent  magnetic 
strain  as  long  as  the  load  remains  constant,  yet,  if  the  load 
upon  the  bar  be  increased,  the  first  current  after  such  a  change 
produces  a  less  effect  than  those  which  follow.  6th.  If  a  part 
of  the  load  be  removed  from  the  bar,  the  first  current  produces 
a  greater  change  in  deflection  than  those  which  follow ;  in  this 
case,  the  deflection  of  the  bar  is  permanently  diminished  by 
the  first  current.  This  may  be  illustrated  by  an  extract  from 
a  series  of  experiments  made  with  a  diminishing  load  upon  the 
bar — 8  lbs.  have  just  been  removed. 
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The  changes  in  the  load  upon  the  bar,  heretofore  referred  to, 
have  been  made  while  the  current  was  broken.  7th.  If  the 
load  be  increased  while  the  current  is  on,  the  deflectiops  when 
the  current  is  broken  will  be  constant,  and  the  deflections  with 
the  second  and  subsequent  currents  will  be  greater  than  those 
obtained  by  increasing  the  load.  The  changes  in  deflection 
the  first  time  the  current  is  broken  will  be  greater  than  those 
which  follow. 

Illustration — 8  Iba  have  just  been  added  to  the  load  while 
the  current  was  passing. 
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8th.  If  the  load  be  diminished  while  the  current  is  on,  the 
deflections  when  the  current  is  broken  will  be  constant  and 
the  deflections  with  the  second  and  subsequent  currents  will 
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be  less  than  those  obtained  by  decreasing  the  load.  The 
changes  in  deflection  the  first  time  the  current  is  broken  will 
be  less  than  those  which  follow. 

Illustration — 8  lbs.  have  just  been  removed  while  the  cur- 
rent was  passing. 
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9th.  Changes  in  deflection  produced  both  by  the  first  and 
by  subsequent  currents  increase  with  the  load  on  the  bar  up 
to  the  elastic  limit,  when  they  tend  to  become  constant 
Below  the  elastic  limit,  the  law  may  be  approximately  expressed 
by  the  following  formula : 

(change)*=a  (load+5). 

In  the  series  of  experiments  given  in  table  11,  a=7"2  and 
6=5,  for  changes  produced  by  the  second  currents.  10th. 
Column  J.  of  the  table  seems  to  increase  slowly  up  to  the 
elastic  limit,  and  after  passing  that  point  to  decrease  slowly. 

These  experiments  have  been  repeated  with  several  grades 
of  iron,  and  similar  results  have  been  obtained  in  every  case ; 
and  though  many  points  of  the  examination  have  been  left 
incomplete,  the  writer  believes  that  the  conclusions  stated 
above  will  be  found  substantially  correct 

One  point  of  interest  may  be  noted  here.  This  method  of 
experiment  to  a  certain  extent  eliminates  the  efiect  of  tempera- 
ture changes  in  iron,  since  these  affect  upper  and  lower  nbers 
of  the  bar  alike,  while  the  phenomena  we  have  been  studying 
are  produced  by  a  differential  action.  How  important  this  is 
will  be  seen  in  a  subsequent  part  of  this  paper.  If  we  attempt 
to  use  the  results  obtained  by  Joule  and  Mayer  in  explana- 
tion of  the  phenomena  exhibited  by  the  transversely  strained 
bar,  we  find,  at  the  outset,  that,  though  some  of  them  are 
explained  readily,  others  appear  contradictory,  and  others  still 
need  additional  data.  A  series  of  experiments  was  next 
undertaken  upon  the  magnetic  elongations  of  soft  iron  bars, 
differing  from  those  of  Joule,  in  usinff  a  constant  magnetizing 
current,  also  in  using  larger  bars  and  greater  tensions ; — and 
from  those  of  Mayer,  in  using  bars  subjected  to  varying 
degrees  of  tensile  and  compressive  stress.  Many  of  the  results 
obtained  by  those  accurate' experimenters  have  been  repro- 
duced, and  others  have  been  obtained,  which  it  is  believed 
are  novel  and  which  certainlv  are  interesting.  The  description 
of  the  apparatus  employed,  and  the  results  obtained,  are 
reserved  for  another  paper. 

{Since  making  the  experiments  described  in  this  paper,  the 
wnter  has  noticed  a  reference  to  an  article  by  M.  Guillemin,  on 
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"  The  straighteniDg  of  a  wire  under  the  influence  of  a  current," 
Walker^s  Electric  Magazine,  1846.  The  magazine  in  question 
has  not  been  found  in  any  of  the  libraries  consulted  ;  it  is  there- 
fore a  matter  of  uncertainty  how  far  M.  Guillemin  has  antici- 
pated the  results  here  given.] 


Art.  XVIL — The  Ix&ss  of  the  Mississippi  Valley^  and  the  .^lian 

Hypothesis  ;  by  E.  W.  Hilgard,  University  of  California. 

[Read  before  the  Nafcional  Academy  of  ScieDoes,  April  16,  1879.] 

In  a  highly  interesting  paper  read  before  this  body  a  year 
ago,  and  published  in  the  February  number  of  this  Journal, 
Prol  Pumpelly,  speaking  of  the  loess  formation,  sums  up  his 
views  on  the  subject  of  the  origin  of  these  peculiar  deposits  in 
the  statement  that,  rejecting  his  own  previously  expressed  ex- 

f)lanation,  he  is  led  to  **  believe  with  Kichthofen  that  the  true 
cess,  wherever  it  occurs^  is  a  subaSrial  deposit,  formed  in  a  dry 
central  region,  and  that  it  owes  its  structure  to  the  formative 
influence  of  a  steppe  vegetation." 

It  is  not  my  intention,  at  this  time,  to  discuss  exhaustively 
the  question  of  the  origin  of  the  loess  in  general,  but  rather  to 
formulate  some  of  the  more  prominent  objections  lying  against 
the  application  of  the  aeolian  hypothesis  to  some  of  the  loess 
regions  with  which  a  long  study  has  made  me  familiar.  The 
expression  "true  loess  "  leaves  some  doubt  as  to  how  Pumpelly 
limits  the  meaning  of  the  word ;  but  assuming  that  (as  seems 
logically  necessary)  he  uses  it  in  the  lithological  as  well  as  in 
its  systematic  sense,  I  desire  to  call  attention  to  some  points  in 
connection  with  the  loess  of  the  Mississippi  Vallev,  which  seem 
to  render  the  ssolian  hypothesis  untenable  so  far  as  regards 
that,  and  similar  deposits  elsewhere,  which  are  clearly  related 
to  the  troughs  of  large  river  courses. 

The  latter  fact  scarcely  needs  more  than  a  cursorv  reference, 
if  only  to  the  circumstance  that  western  geologists  have  habit- 
ually brought  the  loess  under  the  general  designation  'of  "bluflF 
formation.  The  loess  of  the  Rhine,  and  of  the  Danube,  are 
familiar  to  us  in  the  same  connection.  It  can  hardly  be  that 
Pumpelly  is  not  willing  to  consider  these  prototypes  as  "  true 


Now,  what  are  the  points  in  which  the  typical  loess  differs  so 
far  from  other  aqueous  deposits,  that  in  spite  of  this  obvious 
correlation  we  hesitate  to  class  it  as  such  ?  Aside  from  Richt- 
hofen's  objections  based  upon  the  hypsometrical  relations  of 
the  Chinese  deposit  (concerning  the  cogency  of  which  I  am 
unable  to  judge,  not  having  seen  his  original  publication), 
there  are  two  principal  ones,  viz : 
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1.  Absence  of  stratification. 

2.  Absence  of  fossils  of  aqueous  origin. 

As  to  the  absence  of  stratification,  it  is  admitted  on  all  hands 
that  even  the  most  typical  loesa,  everywhere,  often  shows  "  bed- 
ding planes  ;'*  which  manifest  themselves  more  or  less  by  a 
tendency  to  terraces,  or  lines  of  more  rapid  erosion  on  the  oth- 
erwise vertical  walls.  This  occurs  more  rarely  in  the  central 
regions  of  the  loess  masses ;  but  on  the  peripheric  ones  it  is  not 
only  quite  frequent,  but  amounts  in  some  cases  to  the  most  un- 
mistakable appearance  of  aqueous  stratification.  Such  is  the 
case  in  the  loess  bluffs  of  the  Ohio  in  Southern  Indiana,  where 
my  attention  was  called  to  it  by  Dr.  David  Dale  Owen.  It 
occurs  also,  though  not  quite  so  strikingly  defined,  along  the 
edge  of  the  ** American  Bottom"  in  Illinois,  opposite  and 
above  St  Louis.  Generally  speaking,  indications  of  stratifica- 
tion in  the  loess  are  more  frequent  as  we  advance  from  the 
axial  and  lower  regions  of  a  river  valley  toward  the  sides  and 
heads. 

In  the  Sixth  Annual  Beport  of  the  Geological  Survey  of 
Minnesota,  Prot  N.  H.  Winchell  pointedly  refers  to  the  obvi- 
ous transition  of  the  loess  deposits  into  those  of  the  newer  Gla- 
cial period.  Similarly,  as  stated  in  my  Mississippi  report  (pp. 
195,  298)  and  in  a  memoir  on  the  Geology  of  Lower  Louisiana 
(Smithson.  Contr.,  No.  248,  pp.  4  and  5),  the  loess  of  the  Lower 
Mississippi  passes  laterally,  and  by  imperceptible  degrees,  into 
a  clayey  loam  undistinguishable,  in  its  final  landward  form, 
from  that  which  forms  the  general  subsoil  of  the  Southwestern 
States;  and  almost  precisely  thje  same  change  occurs  to  the 
southward,  in  Louisiana,  the  representative  deposits  appearing, 
in  that  case,  (juite  distinctly  stratified  into  beds  of  materials 
more  or  less  differentiated  from  the  typical  loess. 

Now,  if  the  loess  of  the  Mississippi  trough  is  of  aqueous  ori- 
gin at  the  heads,  the  sides,  and  the  lower  end  of  that  trough, 
and  is,  moreover,  covered,  normally,  by  a  deposit  whose  pebbles 
and  sand  streaks  can  leave  no  possible  doubt  of  a  general  shal- 
low submergence  immediately  following,  and  terminating,  the 
loess  period ;  it  is  not  easy  to  see  how  the  central  portion  of 
the  deposit  can  have  been  in  a  subaerial  condition,  as  required 
by  Richthofen's  hypothesia 

Is,  then,  the  deposit  of  the  Mississippi  trough  not  a  "  true 
loess?" — I  have  compared  it  carefully,  in  every  respect,  with 
the  descriptions  given  of  the  characteristics  of  the  loess  else- 
where, geologically,  palseontologically,  structurally  and  chemi- 
cally ;  and  I  despair  of  finding  any  material  differences,  or  such 
as  mav  not  be  found,  as  variations,  in  any  loess  district.  It  is 
true  that  the  drainage  of  the  Mississippi  "  cane  hills  "  has  not, 
as  a  rule,  cut  cafions  with  vertical  walls,  but  narrow  V-shaped 
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valleys  between  sharp-backed  ridges.*  But  wherever  vertical 
cuts  have  been  made,  they  stand  like  stone  walls,  unaffected  by 
the  weather;  and  even  the  subterranean  villages  of  the  Chi- 
nese loess  had  their  counterpart  at  the  siege  of  Vicksburg. 
Where  the  deposit  abuts  against  the  older  formations,  we  have 
a  great  abunaance  of  land  snails,  as  well,  as  pebbles  derived 
from  the  older  drift,  which  usually  appear  in  "strings'*  slop- 
ing away  from  the  land.  The  **  loess-puppets,'*  too,  are  there, 
varying  in  size,  as  the  results  of  a  mechanical  analysis  show, 
from  the  tenth  of  a  millimeter  to  that  of  lumps  and  spindle- 
shaped  masses  weighing  as  much  as  ten  pounds.  The  intimate 
vertical  tubular  structure  I  have  not  had  occasion  to  verify ; 
but  long  tubular  concretions,  apparently  the  casts  of  rootlets, 
occur  frequently,  not  only  in  the  older  portions,  but  as  a 
modern  formation  around  decaying  rootlets ;  which  cannot  be 
otherwise,  since  all  the  streams  of  the  region  are  depositing 
calcareous  tufa. 

But  if  it  must  be  admitted  that  the  loess  of  the  Lower  Missis- 
sippi is  a  true,  typical  loess,  exhibiting  all  the  lithological  and 
structural  characteristics  by  which  that  deposit  is  recognized 
elsewhere;  and  that  hypsometricaJ  and  stratigraphical  data 
compel  us  to  assume  that  it  has  here  been  formed  under  water : 
then  the  mainstay  of  the  aeolian  hypothesis  falls  at  once,  for 
what  has  happened  here  can  have  happened  elsewhere.  Nor 
should  it  be  forgotten  that,  if  the  loess  does  not  exhibit  the 
usual  features  by  which  we  are  accustomed  to  recognize  aque 
ous  deposition,  it  is,  on  the  other  hand,  equally  devoid  of  the 
evidences  of  wind-drift  structure,  which  ought  to  be  very  ob- 
vious at  least  in  the  windward  portion  of  the  loess  regions.  On 
the  contrary,  it  seems  that  all  observers  testify  to  its  dead  uni- 
formity over  the  entire  areas ;  so  that  with  the  exception  of 
such  differences  as  would  be  expected  to  occur  from  the  rolling 
down  of  debris,  and  the  local  action  of  streams,  there  is  no  con- 
stant mechanical  or  chemical  difference  between  the  windward 
and  the  leeward  regions.  At  least  no  such  differences  are  re- 
ported in  the  United  States ;  nor  are  they  mentioned  in  the 
resumes  of  Richthofen's  views  that  have  been  published. 

As  to  the  absence  of  almost  all  but  terrestrial  fossils,  save 
locally  where  the  material  generally  is  more  clayey,  I  cannot 
help  suspecting  some  connection  between  this  fact  and  the  so- 
lution and  re-deposition  of  carbonate  of  lime,  so  constantly  and 
rapidly  going  on  in  these  deposits.  The  adherents  of  the  aeolian 
hypothesis  find  no  difficulty  in  accounting  for  the  absence  of 
every  vestige  of  the  vegetation  which  they  consider  as  a  more 
or  less  essential  agent  of  its  formation.  According  to  them, 
this  vegetation  has  left  no  mark  but  the  tubes  originally  coat- 
*  See  Rep.  on  the  G^logy  and  Agriculture  of  Mifisissippi,  1860,  pp.  194,  313,  if. 
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ing  the  rootlets.  Now  it  is  not  easy  to  see,  how  under  such 
circumstances  any  shell  consisting  of  calcic  carbonate  can 
remain  undissolved.  I  here  recall  to  mind  my  observations  on 
the  deposits  of  the  later  (Grand  Gulf)  Tertiary  of  the  South- 
western States ;  where  in  a  deposit  evidently  formed  on  the 
shores  of  the  Gulf,  consisting  oi  fine-grained  sandstones,  clay- 
stones,  and  in  some  cases  silts  scarcely  distinguishable  from 
that  of  the  loess  period,  we  have  such  an  absolute  dearth  of 
fossils  that  my  most  elaborate  search  in  hundreds  of  localities, 
over  an  area  nearlv  a  hundred  miles  in  width  bv  two  hundred 
and  fifty  in  length,  covered  with  rocks  admirably  adapted  to 
the  preservation  of  fossils  and  of  an  aggregate  thickness  of  about 
150  feet,  has  nevertheless  failed  to  give  any  more  definite  clue  to 
its  fauna  and  flora  than  a  few  unrecognizable  leaves,  and  a 
barely  identifiable  fragment  of  a  turtle  shell.  The  latter,  how- 
ever, was  found  in  a  stratum  of  clay  containing  an  abundance 
of  calcic  carbonate  in  the  shape  of  veins  and  irregular  concre- 
tions, which  in  one  localitv  at  least  showed  plainly  the  general 
outlines  of  molluscan  shells.  The  same  features  are  repeated 
in  the  overlying  strata  of  the  "  Port  Hudson  Group,"  which 
immediately  underlie  the  loess  and  are  intimately  connected 
with  it  Here  also  there  is  an  inexplicable  scarcity  of  fossils; 
but  calcareous  concretions  prevail  everywhere,  and  fortunately, 
in  some  of  the  more  clayey  portions  the  maceration  has  only 
partially  destroyed  the  forms  of  the  shells ;  so  that  after  tracing 
a  stratum  filled  with  concretions  for  miles,  one  will  occasion- 
ally see  these  nodules  taking  shape,  and  finally,  for  a  few  feet, 
exhibit  a  very  copious  fauna,  which,  farther  on,  is  again  repre- 
sented only  by  calcareous  concretions.* 

Cases  in  point  are,  of  course,  far  from  rare,  and  have  prob- 
ably come  under  the  observation  of  most  geologists  in  the 
field  ;  but  I  think  they  have  too  often  remained  without  men- 
tion, in  the  usual  eagerness  to  find  and  describe  well-character- 
ized fossils.  In  my  view,  the  wonder  in  the  case  of  the  loess  is, 
not  that  there  should  be  so  few  vestiges  of  animal  and  plant 
life,  but  rather  that  any  such  should  nave  escaped  disintegra- 
tion, under  the  oxidizing  and  dissolving  processes  that  have 
been  going  on  so  long  in  so  porous  a  material. 

But  why  the  exceptions  in  favor  of  the  terrestrial  animals  ? 
It  seems  to  me  that  their  localities  of  occurrence  give  a  pos- 
sible clue  to  the  distinction.  The  destructive  processes  are 
essentially  dependent  upon  the  presence  and  percolation  of 
water;  and  this  should  be  least  in  the  marginal  portion,  where 
as  a  matter  of  fact  most  of  the  terrestrial  fossils  are  found. 
Whether  in  addition,  there  is  a  difference  as  to  destructibility 

*  See  my  Memoir  od  the  Geology  of  Lower  Louisiana,  and  the  Rock-salt  De- 
posit of  Petite  Anse ;  Smithson.  Oontr.,  No.  248,  1872. 
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of  land-  as  compared  with  fresh-water  shells,  may  be  a  questioD 
deserving  investigation.  That  the  phosphatic  bones  should 
not  have  dissolved  as  easily  as  the  mere  carbonate  shells,  is 
readily  intelligible ;  and  as  regards  their  mode  of  occurrence, 
I  remark  that  in  the  loess  of  the  Lower  Mississippi  they  are 
always  very  much  scattered,  many  bones  belonging  to  the  same 
individual  being  rarely  found  together,  but  seeming  to  have 
drifted  widely  apart  It  is  not  easy  to  see  how  the  cumbrous 
bones  of  the  Mammoth  could  have  been  widely  separated  in  a 
subaerial  deposit 

But  I  think  that  apart  from  its  geological  and  other  relations, 
there  is  intrinsic  evidence  in  the  nature  of  the  material,  contra- 
dictory of  its  flBolian  origin.  In  a  paper  lately  published,  I 
have  drawn  attention  to  a  general  distinctive  feature  of  fine 
detrital  aqueous  deposits,  viz:  the  necessary  state  of  "floc- 
culation  "  in  which  they  are  deposited,  so  lonff  as  the  water  is 
not  absolutely  quiescent  Excepting  only  unaer  conditions  of 
such  moisture  as  would  preclude  the  possibility  of  conceiving 
the  wind  as  an  adequate  cause,  dust  deposits  cannot  be  in  a 
flocculated  condition,  but  in  the  very  nature  of  the  case  must 
consist  of  single  grains  closely  packed.  It  is  true  that  this 
axiom  does  not  seem  to  accord  with  our  every-day  experience; 
for  the  dust  of  our  roads,  as  well  as  that  which  we  take  oflF  our 
furniture  once  a  week,  lies  very  loosely  and  is  evidently  not  of 
a  "single-grain"  structure.  But  the  organic  "fluflT,"  and  hy- 
groscopic and  glutinous  impurities  causing  this  looseness  of 
texture,  could  form  no  important  part  of  the  material  carried 
by  the  supposed  secular  wind-storms  of  the  loess  era.  Now  as 
the  loess  is  naturally  one  of  the  most  porous  and  pervious  of 
deposits,  so  as  hardly  to  require  tillage;  and  since  moreover, 
it  IS  shown  by  mechanical  analysis  to  consist  largely  of  minute 
spheroidal  concretions — in  other  words,  of  floccules  permanent- 
ly fixed  by  the  calcareous  incrustation,  precisely  as  should  be 
the  case  if  it  were  an  aqueous  deposit ;  while  if  a  wind-deposit 
we  should  expect  it  to  be  cemented  bodily  into  a  continuous, 
rock-like  mass  :  I  submit  that  this  structural  peculiarity  ren- 
ders the  aqueous  origin  of  the  loess  extremely  probabfa  It 
may  be  possible  to  corroborate  this  argument,  however,  by  di- 
rect experiment,  in  cases  where  the  formation  of  calcareous 
concretions  has  not  so  far  fixed  the  floccules  as  to  render  the 
production  of  slaty  cleavage  by  pressure  impracticable ;  and  on 
the  other  hand,  I  intend  to  ascertain  by  direct  trial,  in  what 
manner  the  loess  material  will  be  deposited  by  an  artificial 
wind,  after  freeing  it  from  the  calcareous  cement  by  digestion 
in  weak  acid  ;  and  also,  what  will  be  the  effect  of  pressure  upon 
the  material  so  treated,  in  the  tamped  condition  on  the  one 
hand,  and  in  the  flocculated  on  the  other. 
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Again,  I  am  unable  to  see  how  the  aeolian  hypothesis  can 
account  for  the  chemical  peculiarities  of  the  loess.  It  seems  to 
me  to  be  very  far  from  having  the  composition  of  the  average 
rock  dust  of  the  earth's  surface ;  nor  does  it  present  the  chem- 
ical condition  in  which  we  would  expect  to  find  such  dust. 
What  has  become  of  the  feldspars,  or  of  their  products  of  de- 
composition? Admit  that  their  dust  would,  by  this  time,  all 
have  been  kaolinized,  how  can  an  average  of  two  and  a  half  or 
three  per  cent  of  alumina,  shown  by  analysis,  account  for  it? 
The  previous  decomposition  products  of  the  rocks  of  the  great 
Western  Plateau,  as  shown  us  by  the  Tertiary  deposits,  tell  a 
very  diflferent  tale,  in  the  large  prevalence  of  clayey  strata ;  and 
it  is  from  these  very  strata,  moreover,  that  the  largest  part  of  the 
loess  material  must,  in  one  way  or  another,  have  been  derived. 
It  is  easy  to  understand  that  the  clay  could  be  carried  to  the 
Gulf  in  suspension  in  water  ;  but  where  did  it  finally  lodge  on 
the  aeolian  nypothesis  ?  If  it  be  objected  that,  as  stated  by 
Prol  Brewer,  **  some  of  the  loess  material  is  so  fine  as  to  remain 
in  suspension  for  a  year,"  I  reply  that  although  it  will  not  stay 
so  for  one  minute  where  any  considerable  amount  of  lime  or 
other  neutral  salt  is  present  in  solution  ;  yet,  should  the  water 
be  alkaline,  the  clay  will  remain  suspended  indefinitely.  As 
there  is  a  superabundance  of  sources  of  carbonated  alkalies 
in  the  region  in  question,  no  objection  can  be  raised  to  the 
aqueous  origin  of  the  loess,  on  the  score  of  its  containing  too 
much  lime  to  permit  the  clay  to  escape  to  seaward.  But  I  do 
consider  that  large  average  percentage  of  calcic  carbonate, 
which  so  uniformly  characterizes  the  loess  everywhere,  as 
another  serious  objection  to  its  aeolian  origin ;  it  being  out  of 
all  proportion  to  the  alumina,  not  only  on  the  score  of  general 
averages,  but  also  on  that  of  the  slow,  and  almost  exclusively 
aqueous  mode  of  disintegration  of  limestone  proper.  If  on  the 
other  hand,  the  lime  was  chiefly  carried  in  solution,  and  from 
this  assimilated  by  testacea  whose  shells  were  afterwards  mostly 
destroyed  by  maceration,  its  presence  is  readily  accounted  for. 

I  do  not,  of  course,  pretend  that  the  considerations  I  have 
here  presented  should  be  accepted  as  conclusive  against  the 
aeolian  hypothesis.  But  it  seems  to  me  that  the  points  mooted 
require  a  fuller  consideration  than  they  have  heretofore,  so  far 
as  I  am  aware,  received  at  the  hands  of  the  advocates  of  that 
hypothesis ;  and  that  they  suggest  a  line  of  investigation  not 
adequately  pursued  as  yet  We  are  not  yet  cognizant  of  the 
precise  nature  of  the  v^irying  conditions  under  which  thick 
aqueous  deposits  apparently  devoid  of  stratification  may  be 
formed  ;  as  they  are  even  in  flowing  water,  and  may  be  seen  in 
the  deposits  of  the  Mississippi  River  after  any  great  overflow  ; 
as  also  in   the  stratified  drift  of  the  Southern  States,  where 
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the  "  flow  and  plunge  "  structure  is  the  rula  If  it  can  be  said 
(as  I  do  not  think  it  can)  that  no  deposits  similar  to  the  loess 
are  now  in  process  of  formation  by  lakes:  neither  have  we 
at  this  time,  any  example  of  the  accumulation  of  such  deposits 
through  the  agency  invoked  by  Richthofen,  on  any  considera- 
ble scale ;  although  the  postulated  conditions  exist  in  not  a 
few  regions.  All  dunes  and  drifted  desert  sands  show  wind- 
drift  structure,  as  a  necessary  consequence  of  the  varying 
velocity  of  the  wind;  and  it  seems  to  me  that  even  in  the 
presence  of  the  supposed  steppe  vegetation,  a  condition  of 
things  under  which  that  structure  should  nowhere  appear,  or 
should  have  been  destroyed  afterwards,  is  much  more  difficult 
to  imagine  than  that,  under  the  anomalous  conditions  of  the 
"  Champlain  '*  period  of  depression,  such  conditions  of  aqueous 
deposition  as  we  now  find  only  exceptionally,  should  have 
prevailed  more  ffenerally  and  for  a  longer  time ;  a  time,  how- 
ever, immeasurably  shorter  than  that  to  which  we  must  stretch 
our  imagination  for  the  formation  of  a  thousand  feet  of  dust 
deposit,  brought  by  a  wind  so  uniform  in  its  direction  and 
velocity  as  to  leave  no  trace  of  the  proverbial  variability  of 
that  agent  And  when  we  find  ourselves  driven  to  the  suppo- 
sition that  this  extraordinary  wind  did,  moreover,  drop  its  uni- 
formly fine  dust  into  the  trough  of  the  Lower  Mississippi, 
leaving  all  the  adjoining  upland  without  a  vestige  for  hundreds 
of  miles  on  either  side :  the  sum-total  of  anomalous  conditions 
required  to  sustain  the  aeolian  hypothesis  partakes  strongly  of 
the  marvellous. 


Art.  XVIII. — Oii  a  method  of  syringing  Pendulums  for  the  deter- 
mination of  Gravity^  proposed  by  M,  Faye ;  by  0.  S.  Peibce. 

[Read  before  the  National  Academy  Academy  of  Sciences,  April  17th,  1879,  with 
authority  of  the  SuperiDtendent  of  the  XT.  S.  Coast  and  Geodetic  Survey.] 

At  the  Stuttgart,  1878,  meeting  of  the  International  Geodetic 
Association,  M.  Faye  suggested  a  method  of  avoiding  the 
flexure  of  a  pendulum-support  which  promises  important  ad- 
vantages. The  proposal  was  that  two  similar  pendulums  should 
be  oscillated  on  the  same  support  with  equal  amplitudes  and 
opposite  phasea  If  the  pendulums  could  be  made  precisely 
alike,  the  amplitudes  precisely  equal,  and  the  phases  precisely 
opposite,  it  is  obvious  that  the  support  would  be  continually 
solicited  by  two  equal  and  opposite  forces  and  would  undergo 
no  horizontal  flexure,  except  from  the  distortion  of  the  parts 
between  the  two  edges.  But  since  none  of  these  three  elements 
can  be  made  equal,  it  is  necessary  to  inquire  what  would  be 
the  effect  of  such  slight  imperfections  in  their  equalization  as 
would  have  to  be  expected  in  practice. 
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I  had  the  advantage  many  years  ago  of  learning  the  main 
characteristics  of  the  mutual  influence  of  pendulums  from  Pro- 
fessor Benjamin  Peirce.  As  my  father's  studies  of  the  subject 
were  never,  I  believe,  written  out,  I  am  unable  to  say  definitely 
what  I  derive  from  that  source.  But  the  truth  is  the  little 
knowledge  I  have  of  mathematics  was  learned  from  him,  and 
from  him  I  got  a  clear  idea  of  the  nature  of  this  particular 
problem ;  so  that  acknowledgments  of  detail,  even  if  I  were 
able  to  make  them,  would  be  quite  inadequate. 

In  M.  Faye's  proposed  experiment,  four  finite  forces  would 
be  in  operation,  namely :  the  weights  of  the  two  pendulums, 
the  elastic  force  tending  to  restore  the  two  knife-ed^e  supports 
to  their  position  of  equilibrium  when  they  are  both  dispuu^ed 
together,  and  the  elastic  force  tending  to  restore  them  when 
their  relative  positions  are  displaced.  The  system  has,  also, 
four  degrees  of  freedom  corresponding  to  motions  against  each 
of  the  four  finite  forcea  Accordingly  there  will  be  four  dif- 
ferential equations  of  motion.  By  neglecting  the  terms  of  the 
second  order,  these  equations  are  made  linear,  and  by  the  gen- 
eral theory  of  such  equations,  thev  indicate  that  each  of  the 
four  motions  of  the  system  (viz.,  those  of  the  pendulums  and 
of  the  two  knife-edges)  is  compounded  of  four  simple  harmonic 
motions.  Two  of  these  will  have  periods  nearly  equal  to  those 
of  the  pendulums;  the  other ^two  will  be  mere  tremors  having 
periods  nearly  those  of  the  natural  elastic  oscillations  of  the 
supports.  These  tremors  will  be  so  small  that  they  may  be 
n^Iected.  In  fact,  if  we  simply  suppose  that  the  knife-ed^es 
are  constantly  in  equilibrium  under  the  various  forces  which 
solicit  them  (which  is  simply  to  n^lect  their  living  forces 
under  their  verjr  small  velocities)  the  tremors  disappear,  to  the 
great  simplification  of  the  formulsB. 

Putting,  then,  f>,  and  f>,  for  the  momentary  angles  of  dis- 

Elacement  of  the  two  pendulums,  «,  and  «,  for  the  momentary 
orizontal  displacements  of  the  two  knife-edges,  Z,  and  l^  for 
the  lengths  of  the  two  equivalent  simple  pendulums  (on  an 
absolutely  rigid  support),  g  for  the  acceleration  of  gravity,  and 
t  for  the  time,  we  have 

These  equations  are  exactly  like  what  we  have  in  the  case  of 
a  single  pendulum  on  a  flexible  support ;  and  I  have  shown 
their  correctness  in  my  paper  on  that  subject 

There  would  be  no  diflScultv  in  making  the  two  pendulums 
so  nearly  alike  that  they  mignt  be  r^arded  as  entirely  so  in 
their  actions  on  the  stand,  the  whole  amount  of  which  is  small. 

Am.  Joob.  Soi.— Third  Sibibb,  Vol.  XVIEL— No.  104,  August,  1879. 
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We  may  also  consider  the  parts  of  the  stand  on  which  the 
two  knives  rest  as  equally  elastic.  We  may  therefore  take 
i(8^+8  )  as  proportional  to  J(f  i+fj)>  ^^^  i{*i""*j)  ^  P^^ 
portional  to  J(f>|— fa).  Denoting,  then,  by  x  and  y  two 
constants  whose  values  will  be  easily  determinable  by  experi- 
ments we  have 

«i-«.=(«— y)  (^i-w; 

or  s^=zx<p^+yq}^ 

Substituting  these  values  of  «,  and  s^  in  the  differential 
equations,  and  also  writing  l+dl  for  Z,  and  l^dl  for  Z„  they 
become 

The  solution  of  these  equations  is  (A,  B,  ^,,  and  t^  being  the 
arbitrary  constants) 

The  condition  that  the  pendulums  are  started  by  drawing 
them  away  from  their  positions  of  equilibrium  and  then  letting 
them  escape  nearly  at  the  same  instant  makes  ^,  and  t^  nearly 
equal.  We  may  reckon  the  time  from  the  mean  instant  of 
starting.  Then  at  that  instant  we  have  very  nearly 
9>,=A+B  

j^  7 

or  if  we  write  z  for  — 


^.=  -A  (H-^/l+2;•)-  B  (z-^/l+2«). 
And  since  the  amptlitudes  are  nearly  equal  and  the  phases 
nearly  opposite, 

<Px—  -  <P%y  

or  A  +  B=(nearly)  A  {z+s/l+^)+  B  (z^^i+z") 
This^  gives  

—.  =  (nearly)  ^     '     — -L  . 
A  •'Vl+2"+l-2 
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There  would  be  no  insuDerable  difficulty  in  making  the  pen- 
dulums so  near  alike  that  ol  should  be  less  than  y,  even  if  the 
latter,  quantity  were  smaller  than  it  would  be  likely  to  be. 
But  it  will  be  seen  presently  that  care  must  be  taken  in  the 
construction  not  to  make  y  too  small. 
We  shall  have  then  dl<^y  or  2<1; 
whence  B  <  A,  Thus  the  amplitudes 
of  the  first  terms  in  the  expressions 
for  both  ^,  and  f^  are  greater  than 
those  of  the  second  terms,  while  the 
period  of  the  first  terms  is  shorter  than 
that  of  the  second  terms.  From  this  it 
can  be  shown  to  follow  that  the  whole 
oscillations  of  the  two  pendulums  have 
the  same  period,  whicn  is  that  of  the 
harmonic  motions  represented  by  the  first  terms  of  their  values. 
Thus,  in  the  figure,  the  abscissas  representing  the  time,  we 
have  a  wave  of  short  period  and  large  amplitude  placed  in  com- 
parison with  a  wave  of  long  period  and  small  amplituda 

The  phase  of  the  short  wave  advances  on  the  long  one  and 
goes  over  and  over  it  In  each  complete  cycle  of  the  curve 
representing  the  short  wave,  beginning  and  ending  at  y=0,  it 
must  cut  the  other  curve  twice  unless  the  latter  has  mean  time 
crossed  the  axis  of  abscissas  once  and  not  twica  When  this  hap- 
pens there  will  be  three  intersections  or  only  one,  according  to 
the  direction  of  the  crossing.  Hence  when  the  short  curve  has 
advanced  over  any  even  number  of  crossings  by  the  long  one 
of  the  axis  of  abscissas,  the  mean  number  of  intersections  per 
cycle  of  the  short  curve  will  be  exactly  two.  Now  let  the  short 
curve  represent  the  first  term  in  the  expressions  for  ^,  or  y^ 
and  let  the  long  curve  represent  the  second  term  wiifi  its  sian 
changed;  then,  the  intersections  will  represent  passages  of  the 
pendulum  over  the  vertical,  and  it  will  be  seen  that  there  are 
two  for  each  complete  period  of  the  quicker  harmonic  com- 
ponent of  the  motion. 

The  mean  period,  then,  of  the  oscillation  of  either  pendulum 
will  be 


T=.J 


iH-g-V(J/)'+y' 


(dl)' 


Now  let  us  suppose  that  dl  is  so  small  that  i  ^^-p-  may  be  n^- 

lected,  being  less  than  one  millionth.  This  would  happen,  for 
instance,  if  I  were  one  meter,  y  a  half  a  millimeter  (so  that  the 
stand  would  be  somewhat  less  stiff  than  the  Repsold  tripod), 
and  dl  were  one  twenty-fifth  of  a  millimeter,  so  that  the  dif- 
ference between  the  natural  times  of  oscillation  of  the  two  pen- 
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•-J- 


dulums  was  not  over  four  seconds  a  day,  a  perfectly  attainable 
adjustment     Then  the  period  would  reduce  to 

9 

The  terms  x^y  here  indicate  that  the  apparatus  would  still 
be  subject  to  a  correction  for  flexure :  but  it  would  be  only  for 
the  relative  flexure  due  to  the  distortion  of  the  support  between 
the  two  knife-edge&  This  could  of  course  be  mad.e  very  small 
It  would  still  have  to  be  measured :  but  it  would  be  measured 
once  for  all,  since  it  would  be  the  same  at  all  stations.  At 
present,  the  measurement  of  the  flexure  at  each  station,  involv- 
ing as  it  does  the  erection  of  a  separate  pier,  threatens  to  be 
one  of  the  most  troublesome  and  expensive  parts  of  the  whole 
work  of  determining  gravity.  This  would  be  entirely  obviated 
by  M.  Faye*s  plan,  except  that  the  small  differential  flexibility 
would  have  to  be  determined  once  for  alL  The  proper  way  to 
make  the  stand  so  as  to  bind  the  two  knives  to  their  relative 
position  as  firmly  as  possible  while  allowing  a  moderately  large 
flexibility  to  the  whole  stand,  so  that  the  two  pendulums  comd 
freely  influence  one  another,  would  easily  be  found  out 


The  accompan^ring  figure,  for  instance,  represents  one  such 
arrangement  as  viewed  bom  above.  T,  T,  are  tongues  upon 
which  the  pendulums  would  rest  These  would  be  cast  in  one 
piece  with  the  heavy  frame  F,  F,  F,  F.  This  frame  would 
rest  on  four  legs  L,  L,  L,  L,  which  would  sfHread  at  the  bottom 
in  the  direction  of  the  motion  of  the  pendulum.  At  the  bottom 
they  would  be  bolted  into  another  heavy  frame.  The  cross 
braces  C,  C,  0,  0,  would  prevent  twisting. 

The  average  period  oi  oscillation  of  either  pendulum,  after 
correction  for  flexure,  would  be  that  belonRinff  to  a  simple 
pendulum  having  the  length  ^  the  mean  of  the  lengths  of  the 
two  simple  pendulums  whose  natural  periods  of  oscillation 
would  be  the  same  as  those  of  the  given  pendulums.  But 
although  this  would  be  the  average  time  of  oscillation  of  either 
pendulum,  yet  neither  pendulum  would  have  all  its  oscillations 
of  the  same  duration.  It  is,  therefore,  necessary  to  inquire 
what  error  might  arise  owing  to  the  observations  not  extending 
over  any  exact  number  of  cycles  of  motion,  so  that  the  mean 
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of  the  observed  periods  would  not  be  the  same  as  the  mean  of 
the  periods  of  a  cycla 

Tne  quickest  oscillation  of  either  pendulum  would  occur 
when  the  phases  of  the  component  harmonic  motions  were 
coincident,  the  slowest  when  these  phases  were  opposed  The 
period  of  the  slow  harmonic  component  motion  would  be 

or  the  mean  of  the  periods  of  the  two  given  pendulums  oscil- 
lating on  the  given  stand  with  coincident  phases,  so  as  to  be 
affected  by  the  flexibility  of  the  whole  stand  but  not  by  its 
liability  to  distortion.  Suppose,  then,  that  in  the  course  of 
the  experiment  an  instant  comes  at  which  the  pendulums  are 
vertical  at  once.  Let  us  reckon  the  time  from  this  instant, 
and  put 

■"b  Vl+?-.l-2' 
so  that  I  is  nearly  unity.     Then  using  the  abbreviations 

sin,  =  sin  \    I ^  .  t  > 


a.zssin-}    f ^  .  t  > 


sm.  

we  have 

Ccp^=z  (Vl+2?+ 1—2)  sin^ ±  I  (\/rf?-l+2)  sin, 

€9,=  (-V^f+?-i  -aj)  sm,  ±  I  (-V^r+V+i  +2)  gin,, 

where  the  double  sign  distinguishes  between  coincidence  and 
opposition  of  the  phases  of  the  harmonic  constituents  at  the 
zero  of  L 

Then  since  the  value  of  z  is  between  0  and  unity,  the  values 
of  these  four  coefficients  lie 

Vl +«■  +  !—«  between  2  and  1-414 

V^r+?— 1+2  0         1-414 

-\^r+^-l-«  -2      -3-414 

-V^rT?  +  l+«  0  0-586 

It  follows  that  for  one  pendulum  the  phases  of  the  harmonic 
constituents  are  coincident  at  the  moment  when  they  are  for  the 
other  in  exact  opposition.  Hence,  one  pendulum  is  making  its 
slowest  oscillation  at  the  moment  when  the  other  is  making  its 
quickest^  and  vice  versa.  Then  from  the  symmetrical  character 
of  harmonic  motion  it  follows  that  if  observations  were  taken  of 
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both  pendulums  during  any  interval  of  time,  then  the  mean  of 
the  average  periods  of  the  two  during  that  interval,  would  give 
the  mean  period  of  either  through  a  complete  cycle  of  motion. 
A  better  method  of  observing,  however,  would  be  to  set  up  a 
lens  between  the  two  pendulums,  so  as  to  bring  the  plane  of 
oscillation  of  the  one  into  focus  on  the  plane  of  oscillation  of  the 
other.  Then,  by  means  of  a  reading  telescope  set  up  at  a  little 
distance,  the  oscillation  at  which  both  crossed  on  the  vertical 
could  be  noted  with  some  accuracjr.  It  would  then  onl  v  be 
necessary  to  determine  the  mean  period  of  oscillation  of  either 
from  one  such  event  to  another.  As  the  difference  between 
the  longest  and  shortest  periods  of  oscillation  would  only 
amount  to  a  few  ten-thousandths  of  a  second,  it  would  not  be 
necessary  to  be  very  exact  in  the  time  of  banning  or  ending 
the  experiment  The  number  of  oscillations  between  one  coin- 
cidence at  the  vertical  and  another  would  afford  a  very  accurate 
determination  of  y.    For  suppose  n  to  be  that  number.     Then 

whence 


0 

and  X  as  equal  to  y. 


But  as  n  is  large  (several  thousand)  we  may  take     "^    =  i. 


This  gives  y  =  - 


Then  x—y  having  been  determined,  we  ascertain  the  value  of 
X  also. 

The  greatest  departure  of  the  oscillations  of  the  two  pen- 
dulums from  complete  opposition  of  phase  would  occur  when 
the  phases  of  the  harmonic  components  differed  by  a  quadrant 
In  this  case,  the  pendulums  would  cross  at  an  angle  equal  to 

vl 

01— from  the  vertical     The  difference  in  the  time  of  their 

y 

passage  over  the  vertical  could  only  amount  to  a  minute  frac- 
tion of  a  second. 

If  the  pendulums  should  not  be  nearly  enough  adjusted  to 
the  same  natural  period,  or  if  the  stand  snould  be  too  stiff,  so 
that  dl  were  greater  than  y,  the  slower  harmonic  component 
would  have  a  greater  amplitude  than  the  quicker  one.  In  this 
case,  the  pendulums  would  pass  over  all  differences  of  phase, 
and  whether  the  mean  period  of  oscillation  were  that  of  th^ 
faster  or  of  the  slower  comi)onent  might  depend  upon  the 
initial  phases,  or,  if  dl  were  still  larger  relatively  to  y  it  might 
be  the  same  as  if  the  pendulums  were  oscillating  with  coinci- 
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dent  phases.  Oare  would  have  to  be  taken  to  avoid  such  a 
state  of  things. 

On  the  whole,  it  appears  that  the  suggestion  of  M.  Faye, 
though  it  was  thrown  out  on  the  spur  of  the  moment,  and  was 
not  received  with  very  warm  approval  on  every  hand,  is  as 
sound  as  it  is  brilliant,  and  offers  some  peculiar  advantages 
over  the  existing  method  of  swinging  pendulums. 

Feb.  17, 1819. 


Art.  XIX. — Oeohgy  of  Virginia:  Qmtmuation  of  Section  across 
the  Appalachian  Chain ;  by  J.  L.  Campbell,  Washington 
and  Lee  University. 

In  the  number  of  this  Journal  for  July  last,  a  general  out- 
line of  the  geology  of  the  Great  Valley  of  Virginia  was  given, 
and  illustrated  by  a  section  embracing  the  several  epochs  repre- 
sented in  the  valley  proper,  and  in  the  two  mountain  ranges 
forming  its  boundaries  on  the  southeast  and  northwest  That 
section  may  be  regarded  as  a  typical  representation  of  the 
several  varieties  of  rock  that  come  to  the  surface  for  many 
miles  on  both  sides  of  it 

In  the  present  paper  I  propose  to  give  what  may  be  regard- 
ed, in  part  at  least,  as  an  extension  of  the  same  section — ^the 
results  of  observations  made  in  the  same  general  direction,  but 
not  exactly  on  the  same  line.  Moving  the  line  of  section 
about  eight  miles  toward  the  northeast  of  my  former  route,  I 
shall  fall  back  and  begin  again  within  the  limits  of  the  Great 
Valley ;  the  reasons  for  which  are,  first,  to  renew  the  connec- 
tion with  the  lower  Silurian  limestones,  that  will  again  make 
their  appearance  in  an  interesting  anticlinal  valley  at  the  other 
end  of  the  section ;  and  secondly,  that  we  may  pass  through  or 
near  a  considerable  number  of  points  of  no  little  interest,  and 
easily  accessible  to  the  scientinc  traveler  or  the  student  of 
geology. 

What  is  here  presented  is,  in  its  main  features,  the  result  of  a 
surveymade  several  years  ago,  in  conjunction  with  the  Hon. 
Wm.  H.  Ruffner,  LL.I).,  the  present  Superintendent  of  Public 
Instruction  in  Virginia,  and  who  is  a  gentleman  of  no  mean 
attainments  in  geological  science.  Some  important  details  that 
are  introduced,  as  well  as  some  of  the  generalizations,  are  the 
fruits  of  subsequent  observations  made  bj  myself  in  review 
of  our  original  work.  The  main  conclusions,  however,  stand 
as  originally  agreed  upon. 

It  would  hwtily  be  proper  to  caU  this  an  "  ideal "  section, 
since  some  of  the  most  interesting  portions  of  it  represent  real 
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sections  that  nature  has  opened  up  to  our  view  on  a  grand  scale 
— where  the  geologist  may  revel,  or  the  student  of  science  find 
interesting  and  profitable  employment  for  many  days  together. 
It  passes  througn  or  near  several  mountain  gorges  of  consider- 
able depth  and  extent,  as  well  as  many  points  of  minor  inter- 
est, where  mountain  streams  have  cut  their  channels  through 
the  lower  hills  and  thus  exposed  the  various  formations  along 
its  lines. 

On  mj  former  section  the  series  of  Professor  Rogers  was 
given  with  sub-divisions ;  and  a  table  appended  to  present  a 
comparison  of  these  with  the  corresponding  periods  and  epochs 
given  in  Professor  Dana's  Manual,  so  &r  as  the  equivalents 
have  been  definitely  determined  in  this  part  of  the  Appalachian 
chain.  On  the  section  accompanying  the  present  paper,  the 
numbers  and  letters  refer  to  Professor  Dana's  system. 

Beginning,  then,  with  the  southeastern  extremity,  near  the 
Bockbridge  Baths,  we  find  a  natural  section  cut  by  the  North 
Biver  through  a  part  of  3  a  and  the  whole  of  8  o  and  c,  etc. 
(Calciferous,  Quebec  and  Chazy =No.  11  Bogers).  In  the  imme- 
diate vicinity  of  the  Baths  these  formations  are  very  much 
obscured  by  the  Quaternary  deposits  of  drift  from  the  moun- 
tains above,  but  they  may  be  studied  convenientlv  at  points  a 
mile  lower  down  on  the  river  clifis,  or  on  the  neighbonng  hills 
a  little  remote  from  the  river,  on  the  southwest  side,  where  the 
section  passes.  For  a  description  of  the  rocks  of  this  period, 
the  reader  is  referred  to  the  number  for  July. 

The  line  of  fault  presented  on  the  former  section  continues, 
with  a  single  interruption,  some  distance  beyond  the  present 
section,  crossing  the  river  a  short  distance  above  the  Baths 
(N. W.) — the  older  (8)  being  still  thrust  upward  over  the  edge 
of  the  newer  (4  a.)  This  junction  of  the  aisplaced  strata  can  be 
seen  indistinctly  aJone  the  river  banks  at  low  water,  but  may  be 
more  distinctlv  traced  in  the  hills  southwjBst  of  the  river,  and 
on  Hays'  creet  northeastward. 

This  fault  has  doubtless  much  to  do  with  determining  the 
temperature  of  these  thermal  Batbs,  the  waters  of  which  nave 
a  temperature  of  72^  F.,  and  are  kept  in  gentle  but  constant 
a^tation  by  escaping  bubbles  of  gas,  consisting  largely  of 
nitrogen  and  carbonic  acid.  The  remedial  virtues  of  the  Baths 
have  been  Ions  recognized.  As  we  pass  up  the  river  in  a 
northwesterly  direction  we  soon  find  the  Trenton  limestones 
forming  the  bottom  of  the  river-bed  where  the  strike  of  the 
strata  can  be  distinctly  seen  crossing  the  stream  nearly  at  ri^ht 
angles.  The  same  rocks  also  crop  out  on  the  neighboring 
hills,  which  generally  have  a  rounaed  shape  and  are  strewea 
with  quantities  of  local  drift  from  the  adjacent  mountain 
gorges.    There  are  no  clifis  here ;  for  these  argillaceous  lime- 
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stones  and  overlying  shales  were  too  fragile  to  withstand  the 
denuding  force  of  the  vast  floods  of  water  and  masses  of  sand- 
stone bowlders  that  have,  at  some  past  period  of  time,  ^ome 
down  with  violence  from  the  neighboring  mountains  and  the 
valleys  beyond.  Both  the  litholorical  and  fossil  characters  of 
these  roclc3  show  that  they  are  the  same  as  those  on  which 
Lexington  stands ;  but  here,  as  well  as  along  the  base  of  House 
Mountain,  they  are  softer,  and  not  so  extensively  permeated 
with  white  veins,  as  they  are  around  Lexington,  where  the 
crushing  forces  to  which  they  have  been  subjected  have  not 
only  tended  to  harden  many  of  the  beds,  but  have  produced 
innumerable  fissures  that  have  been  filled  up  by  infiltration, 
and  now  present  beautiful  veins  of  calc  spar.  But  the  under- 
lying coraline  bed  that  forms  the  base  of  this  epoch,  and  crops 
out  so  conspicuously  near  Lexington,  is  not  Drought  to  the 
surface  at  this  point,  yet  is  found  at  the  distance  of  a  few  miles 
on  both  sides  of  our  present  line  of  section.  I  have,  therefore, 
included  it 

At  the  distance  of  two  miles  above  the  Baths,  we  come  to 
the  base  of  Hog-back  Mountain,*  at  its  northeast  terminus,  and 
about  a  mile  northeast  of  where  our  section  crosses.  Here  the 
North  River  cuts  it  oflF  from  what  was  once  its  northeast  con- 
tinuation, called  Jump  Mountain.  The  Medina  sandstones 
(Rogers,  No.  IV)  that  crop  out  along  the  faces  of  the  two  ridges 
sink  gradually  as  they  approach  the  river — ^showing  a  marked 
depression  at  the  pqjnt  where  the  river  has  found  its  way 
through.  Such,  however,  is  not  the  case  with  the  contiguous 
and  nearly  parallel  ridge  of  North  Mountain  farther  west 

The  spurs  of  Ho^-back  and  the  face  of  the  main  ridge,  to 
the  height  of  severd  hundred  feet,  display  an  extensive  out- 
crop of  4  J,  c  (Utica  and  Cincinnati  shales.)  These  appear 
occasionally  beneath  the  hard  sandstones  of  5  a,  as  we  pass  up 
through  the  wild,  winding  cafldn  that  here  gives  passage  to  the 
waters  that  come  down  from  the  mountain  valleys  above,  and 
meet  at  the  upper  entrance  of  the  gorge  to  form  the  North 
River.  Just  where  the  river  issues  from  the  mountain  pass, 
the  stream  separates  into  two  parts,  forming  a  small  island,  in 
the  middle  of  which  rises  a  spring  of  sulphur  water,  now 
known  as  Wilson's  Spring.  It  evidently  rises  from  the  shales 
of  4  6,  that  here  form  the  bottom  of  the  river. 

This  is  the  point  at  which  the  turnpike  leads  us  into 
"  Goshen  Pass,  through  which  we  follow  the  winding  course 
of  the  river  for  several  miles. 

In  pursuing  his  course  through  this  crooked  gorge  the  geo- 

♦  This  and  Wolf  Ridge,  immediately  ia  rear  of  it,  have  evidently  been  onoe 
connected  with  the  two  ridges  of  House  Moantain,  represented  on  the  former 
section ;  though  now  separated  by  a  beautiful  valley  three  miles  wide. 
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logical  student  will  find  a  problem  to  solve  of  no  little  com- 
plexity, arising  in  part  from  the  windings  of  the  river,  and  in 
still  greater  part  from  the  rapturing  and  faulting  of  the  moun- 
tains themselves.  After  passing  the  ends  of  both  Hog-back 
and  Wolf  ridges  (see  section)  at  the  distance  of  about  a  mile 
and  a  half  above  Wilson's  Spring,  he  will  find  the  course  of  the 
river  nearly  coincident  with  the  strike  of  the  Medina  sandstones 
that  here  dip  so  steeply  on  the  N.  W.  face  of  Wolf  Ridge  as  to 
pass  the  lower  beds  beneath  the  stream,  while  those  higher  up 
are  cut  through  in  the  direction  of  their  strike.  Withm  view 
of  this  point,  and  on  the  opposite  side  of  the  river,  a  great  down- 
fall from  the  next  ridge  (N.  Mt.)  has  occurred,  around  which  the 
stream  makes  a  loop  of  half-a-mile  in  extent ;  this  slip,  however, 
is  quite  limited ;  lor  above,  and  on  the  right  and  left  of  the 
fallen  mass  the  Medina  sandstones  again  crop  out  along  the 
face  of  the  North  mountain  ridges  witn  a  moderate  northwest- 
erly dip,  displaying  their  full  thickness  of  about  500  feet  along 
the  southeast  face,  and,  with  one  slight  undulation,  and  subse- 
quently increased  dip  passing  beneath  the  Little  Goshen  valley 
beyond. 

After  careful  and  repeated  examinations  of  this  portion  of 
the  "  Pass,"  Dr.  Rufl^ner  and  myself  agreed  that  the  phenomena 
presented  could  be  accounted  for  only  upon  the  hypothesis  of 
a  fault  running  parallel  with  the  axis  of  the  mountain  chain. 
Repeated  observations  since  our  original  survey  have  tended  to 
confirm  the  conclusions  originally  formed. 

In  following  the  course  of  the  loop  in  the  river,  mentioned 
above,  we  travel  a  short  distance  with  the  strike  of  the  rocks 
toward  the  southeast,  then  turn  and  cross  the  fault  (filled  up 
with  the  debris  from  the  face  of  the  broken  mountain),  and 
finally  change  our  course  to  the  northeast  again  following  the 
line  of  strike  in  nearly  an  opposite  direction,  and  passing  be- 
neath the  outcropping  sandstones  that  rise  far  above  our  heads. 
But  we  soon  deviate  from  this  course  to  one  at  right  angles  to 
the  mountain,  and  by  which  we  are  conducted  through  another 
natural  section  of  5  a,  6  and  c,  and  apparently  pass  out,  right 
upon  the  beds  of  Devonian  shales.  At  the  base  of  the  mountain, 
however,  from  the  gap  of  which  we  have  just  issued,  7  and  8 
are  concealed  from  view,  as  evinced  by  the  fact  that  they  crop 
out  at  many  points  along  the  base  of  the  mountain  at  some  dis- 
tance from  tne  road  on  both  right  and  left  In  this  Little 
Goshen  valley  there  are  indications  of  extensive  beds  of  limon- 
ite  ores,  some  of  which  were  worked  many  years  ago.  They 
are  found  in  both  5  i,  c,  and  in  8. 

This  valley  offers  no  special  facilities  for  studying  the  Devon- 
ian shales,  which  are  found  much  more  fully  and  favorably 
exposed  farther  west,  but  along  its  western  border  for  a  distance 
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of  four  or  five  miles  from  the  turnpike,  in  a  uortheasterly  direc- 
tion, some  interesting  developments  of  7  and  8  are  found  along 
the  foot  of  what  is  here  called  Furnace  (or  Knob)  Mountain, 
through  a  gorge  of  which  the  Big  Calf-pasture,  the  chief  fork 
of  North  River,  comes  down  from  the  Great  Goshen  valley  on 
the  west.  In  this  gap  tolerably  well-defined  arches  of  6  a,  are 
displayed  on  the  right  as  we  pass  up  the  river,  while  on  the  left 
(Bratton's  Mountain)  the  same  rocks  are  overlaid  by  a  bed  of 

5  b.  The  arch  on  the  right  hand  is  the  one  represented  on  the 
section. 

Between  this  and  Mill  Mountain  lies  Goshen  Valley,  a  beau- 
tiful a^icultural  region,  and  one  that  presents  some  points  of 
scientific  interest  that  are  readily  reacned  by  the  student  of 
geology.  The  section  passes  near  the  Cold  Sulphur  Springs 
about  1^  miles  southwest  of  Goshen  depot  on  the  Chesapeake 

6  Ohio  railroad.  The  waters  of  these  springs  flow  from  ex- 
posed strata  of  lOo,  dipping  slightly  toward  the  Mill  Mountain 
on  the  northwest  In  this  valley,  as  well  as  throughout  this 
whole  r^on,  the  Salina  Period  (6)  is  but  indistinctly  represented, 
if  at  all,  while  the  Comiferous  woup  (9a,  J,  c),  appears  to  be 
entirely  wanting.  But  the  very  fossiliferous  limestones  of  the 
Helderberg  (7),  and  of  the  sandstone3  of  the  Oriskany  Period 
(8)  are  well  exposed  at  Craigsville,  nine  miles  northeast  of 
Goshen  on  the  railroad,  where  a  beautiful  encrinal  marble  is 
quarried  from  7,  and  also  at  points  nearer  to  Goshen.  Just 
west  of  Panther  Gap  in  Mill  Mountain  (through  which  both 
railroad  and  turnpike  pass),  at  several  points  a  short  distance 
from  the  base  of  the  mountain,  good  exposures  may  be  found. 
The  mountain  itself,  at  this  point,  is  cut  by  Mill  Creek,  and  its 
Medina  sandstone  axis  is  exposed  in  the  form  of  a  closed  anti- 
cline pushed  over  toward  the  northwest  so  as  to  give  all  the 
strata  a  southeasterly  dip. 

Before  leaving  Goshen  Valley  we  must  observe  the  fact  that, 
about  the  depot  and  the  Cold  Sulphur,  the  upper  member  of 
10  has  been  swept  off,  and  in  many  places  a  large  portion  of 
the  middle  member  (6)  has  also  disappeared.  There  is  a  ridge 
however,  banning  a  mile  or  less  nortn  of  the  depot,  on  which  all 
the  members  (10a,  i,  c)  appear.  I  have  not  found  what  remains 
of  this  group  to  exceed  450  or  500  feet  any  where  in  this  valley. 

Resuming  our  line  of  section  west  of  Panther  Gap  we  find 
the  thickness  of  10a,  6,  c  to  have  increased  and  the  lithological 
characters  to  have  undergone  some  modificationa  Beds  vary- 
ing from  siliceous  slates  to  argillaceous  sandstones  are  found 
cropping  out,  especially  in  6,  as  may  be  seen  both  on  the  railroad 
and  the  turnpike.  Large  quantities  of  these  rocks  have  been 
brought  from  the  tunnel  near  Millboro  depot.  Calcareous  con- 
cretions of  a  disc-like  form,  full  of  veins  of  infiltrated  carbonate 
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of  lime  {aepianxi)^  increase  in  size  and  number;  while  thin  beds 
of  fossil  limestone,  especially  in  a,  are  occasionally  exposed  to 
view. 

At  Millboro  depot  a  line  of  stages  leaves  the  railroad  for  the 
Warm  Springs,  fifteen  miles  to  the  west  At  the  distance  of 
two  miles  we  reach  the  old  Millboro  Springs  where  we  again 
find  salphur  water  rising  from  the  Devonian  strata  (10). 
Another  mile  brings  us  to  the  famous  "Blowing  Cave,"  where 
it  is  well  worth  while  for  the  explorer  to  allow  himself  at  least 
one  full  day.  He  is  now  upon  the  banks  of  the  Cow-pasture 
Eiver,  one  of  the  upper  forks  of  the  James.  Here  the  river 
cuts  through  a  ridge  (Cave  Hill),  exposing  to  view  an  arch  of 
Helderberg  limestone  (7)  into  which  a  cavern  of  unknown  depth 
extends  from  which  a  breeze  of  considerable  force  issues  con- 
tinuallv  in  warm  weather.  Above  the  limestones  is  a  second 
arch  of  Oriskany  sandstone  (8),  in  which  are  numerous  Spirifer 
shells  well  preserved.  These  two  formations  may  be  studied 
here  with  great  convenience ;  and,  if  an  additional  exposure  is 
desired,  it  may  be  found  two  miles  farther  toward  the  north- 
east, where  Stuart's  Creek  exposes  a  similar  arch  in  the  same 
hill,  and  where  fine  specimens  of  Favosites  are  easily  obtained. 

Exposures  of  the  members  of  10  may  be  studied  along  the 
banks  of  the  Cow-pasture  both  above  and  below  the  passage 
through  Cave  Hill.  A  short  distance  below,  in  what  is  called 
"  Alum  Bank,"  we  found  a  thin  bed  of  limestone  remarkably 
full  of  fossil  shells.  At  other  points  higher  up  and  lower  down 
the  river  similar  exposures  occur. 

Near  this  place  is  one  of  the  numerous  so-called  "Alum 
Springs'*— the  WaUawhaioolc^  an  old  Indian  nama  The  waters 
here,  as  at  the  Bockbridge  and  the  Bath  Alum  Springs,  collect 
slowly  from  the  crevices  of  the  dark  pyritous  shales  of  No.  10. 
Springs  of  this  class  are  very  numerous  among  the  Devonian 
shales  in  Virginia;  and  waters  of  similar  character  sometimes 
issue  from  shales  of  earlier  and  later  date&  Their  chief  min- 
eral constituents  are  sulphates  of  alumina,  lime,  magnesia, 
potassa,  soda,  iron  (ferrous  sulphate),  with  more  or  less  j'^  sul- 
phuric acid.  In  the  Wallawhatoola  I  found,  with  the  spectro- 
scope, a  decided  trace  of  lithia. 

The  shales  of  this  r^ion,  and  especially  in  this  valley  of 
the  Cow-pasture  River,  present  three  tolerably  well  character- 
ized beds ;  the  equivalents,  no  doubt,  of  the  three  recognized 
epochs  of  the  Hamilton  Period* — Marcellus,  Hamilton  and 
Gfenesee.  The  lower  member  consists  of  dark — sometimes 
black,  sometimes  bluish-black — shales  that  split  readily  into 
thin  layers,  and  even  fine  scales  or  slender  columnar  fragments. 
The  middle  member  has  a  decidedly  greenish  tint — olive  in 
*.Thi8  is  No.  Vm  of  Professor  Rogers's  series. 
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many  places,  especially  where  it  appears  along  the  pablic  roads, 
and  in  cuts  on  the  railroads.  The  highest  division  is  much 
variegated  in  color  and  texture ;  the  beds  of  shale  are  yellow, 
brown  and  red,  while  considerable  strata  of  sandstone  of  argil- 
laceous character  are  found  alternating  with  the  shales. 

Among  all  these  are  found  beds  of  very  calcareous  shales 
passing  often  into  impure  limestones  that  abound  in  Encrinites, 
Atrypas,  Spirifera,  etc.  The  upper  member  has  generally  more 
calcareous  oeds  in  it  than  either  of  the  othera  This  whole 
region  has  been  greatly  denuded,  but  the  sharply  rounded, 
and  often  cone-liEe  hills  that  are  left  standing,  with  deep 
ravines  cut  out  between  them,  present  a  striking  feature  of  the 
landscape,  and,  at  the  same  time,  afford  the  means  of  an 
approximate  estimate  of  the  thickness  of  the  whole  series  of 
shales,  which  cannot  be  less  than  seven  hundred  feet 

Alone  the  faces  of  many  of  the  hills  that  have  been  recently 
denuded  by  floods  in  the  river  and  its  tributaries,  the  planes  of 
stratification,  and  of  slaty  (metamorphic)  cleavage,  are  both  well 
displayed — the  latter  so  distinct  that  an  unpracticed  eye  might 
readily  mistake  them  for  the  planes  of  original  stratification. 

About  four  miles  west  of  the  Blowing  Cave  the  turnpike 
crosses  a  ridge  called  Mair's  Mountain,  capped  by  a  low  arch 
of  Oriskany  sandstone  (8),  beneath  which  are  exposures  of  the 
Helderberg  limestones  (7)  where  a  small  stream  has  cut  its  way 
through  the  ridge.  Beyond  this  ridge  we  find  another  syn- 
clinal trough  filled  with  the  shales  of  No.  10,  out  of  which 
rise  the  waters  of  the  Bath  Alum.  Near  this  watering  place  is 
a  cave  formed  by  the  washing  out  of  the  softer  bed  of  Medina, 
rocks  so  as  to  leave  a  regular  arch  which  becomes  narrower  and 
lower  toward  the  rear  ot  the  cavern,  giving  the  whole  cavity 
the  shape  of  a  semi-cone  with  the  dividing  plane  for  the  floor. 
This  is  an  object  of  interest  to  visitors.  Its  location  is  beneath 
the  ridge,  marked  "  Piny  Ridge,"  on  the  section. 

A  mile  beyond  the  Bath  Alum,  our  line  begins  to  ascend  the 
loftv  ridge  of  the  Warm  Springs  Mountain.  To  the  structural 
geologist  this  presents  an  object  of  the  highest  interest  As 
we  follow  the  windings  of  the  turnpike  we  find  ourselves  sur- 
rounded first  by  the  ofebris  of  the  Clinton  sandstones  and  shales 
(6  and  7  are  concealed),  and  as  we  approach  the  crest  of  Piny 
Bidges  the  Medina  sandstones  (5  a)  make  their  appearance  in 
stttu  We  are  thence  conducted  by  a  spur  across  to  the  &ce  of 
the  main  ridges,  where  the  road  is  cut  out  of  the  sandstones, 
exposing  their  lithological  and  fossil  features  in  a  very  inter- 
esting way.  Bipple  marks  and  casts  of  shells  in  the  brown 
and  purple  sandstones,  and  fucoids  in  the  shales,  are  of  frequent 
occurrence. 

On  reaching  the  depression  of  the  summit  where  the  road 
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crosses,  we  turn  to  the  left  and  follow  the  crest  of  the  ridge  for 
half  a  mile  toward  the  southwest  to  the  top  of  what  is  known 
as  **  flag  rock  " — the  highest  outcrop  of  Medina  sandstone  on 
this  mountain,  haying  a  steep  southeasterly  dip.  From  this 
point,  8340  feet  above  tide  level,  the  mountain  scenery  on  all 
sides  is  very  grand.  Along  the  base  of  this  ridge,  on  the 
northwest  side,  lies  the  Warm  Springs  Valley — a  narrow  strip 
of  the  Lower  Silurian  limestones  of  the  Great  Valley  again 
brought  to  the  surface.  On  the  opposite  side  of  this  narrow 
valley  another  ridge.  Little  Mountam,  rises  to  a  less  elevation, 
but  is  composed  oi  the  same  kind  of  rocks  as  the  main  moun- 
tain, but  dipping  toward  the  northwest*  The  olive-colored 
sandstones,  generally  found  at  the  base  of  the  Medina  group  in 
this  region,  appear  near  the  summit  of  both  these  opposing 
ridges,  and  are  succeeded  by  the  fragile  sandstones  and  shales 
of  the  Cincinnati  and  Utica  epochs  tnat  form  the  steep  slopes 
of  both  mountains.  These  are  succeeded  by  the  Trenton  (4  a) 
limestones  that  dip  beneath  them,  but  form  more  gradual 
slopes  toward  the  middle  of  the  valley,  where  the  older  Chazy 
(8  c)  limestones  make  their  appearance.  The  latter  are  not 
largely  developed  where  the  tepid  waters  of  the  Warm  Springs 
rise,  but  widen  out  considerably  toward  the  southwest.  A 
short  distance  to  the  northeast  of  the  springs  we  found  Tren- 
ton fossils  in  abundance,  like  those  we  nad  found  just  below 
the  entrance  of  Goshen  Pass. 

In  this  anticlinal  valley  the  Lower  Silurian  rocks  come  to  the 
surface  for  a  distance  of  several  miles  on  both  sides  of  the  section, 
the  general  range  being  parallel  with  the  Appalachian  chain. 

The  two  ridges  that  here  face  each  other  were  doubtless 
parts  of  a  great  open  anticlinal  fold  that  was  formed,  when, 
by  powerful  lateral  pressure  from  a  southeasterly  direction,  the 
strata  were  pushed  up  from  their  original  horizontal  bedaing. 
But  it  is  hardly  probable,  judging  from  the  present  condition 
of  things,  that  the^  ever  formed  complete  arches  across  the 
valley.  It  is  certainly  more  reasonable  to  suppose  that  such 
masses  of  strata  of  vairing  hardness  and  strength,  and  with  an 
^ggvegSLte  thickness  oi  more  than  two  thousand  (2000)  feet, 
were  so  ruptured  at  the  time  of  upheaval  as  to  form  a  rugged 
gorge,  extending  for  many  miles  along  the  crest  of  the  fold, 
and  that  subsequent  erosions  and  denudations  by  ice  and  water 
widened  it  out,  and  shaped  it  into  the  beautiful  valley  as  we  now 
find  it.  This  is  a  vafley  of  thermal  waters ;  for,  besides  the 
Warm  Springs,  near  which  our  section  crosses,  and  the  baths  of 
which  range  in  temperature  from  95*^  to  98*^  F. ;  the  Hot 
Springs,  five  miles  to  the  southwest,  with  temperatures  varying 
from  100*^  to  108°  R,  and  the  Healing  Spnngs  in  the  same 

*  Along  some  parts  of  this  broken  ridge  the  sandstones  are  vertical  or  even 
inverted. 
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neighborhood,  with  a  temperature  of  85**,  rise  in  the  same  anti- 
clinal fold 

About  half  a  mile  southwest  of  the  Warm  Springs  the  col- 
lected waters  of  this  portion  of  the  valley  find  their  way  out  in 
a  northwesterly  direction  through  a  deep  ravine,  in  which  are 
found  exposures  of  all  the  formations  from  4  to  8. 

Oeneral  remarks. — (1.)  Throughout  the  whole  r^on  repre- 
sented on  the  accompanying  section,  conformitj  of  strata  pre- 
vails,  and  so  continues  till  we  reach  the  Carboniferous  in  West 
Virginia.  (2.)  The  Medina  sandstones  that  are  from  406  to 
600  feet  thick  along  the  North  Mountain  thin  out  to  about  860 
on  Warm  Springs  Mountain.  Here,  too,  the  structure  is  less 
conglomerate,  and  the  marks  of  shore-line  formation  are  less 
numerous  and  distinct  than  they  are  farther  east  (3.)  It  may 
be  well  to  mention  some  of  the  prominent  points  along  the  line 
of  section  convenient  for  observation.  At  the  lower  entrance 
of  Goshen  Pass,  and  in  Warm  Springs  valley,  exposures  of  4 
may  be  readily  found.  No.  6  (Medina)  may  be  successfully 
studied  in  Goshen  Pass  and  on  Warm  Springs  Valley ;  while 
the  region  around  Millboro  Springs  affords  to  the  explorer 
some  of  the  finest  exposures  of  7,  8  and  10.  But  the  accom- 
panying section  may  serve  as  a  key  to  a  wider  range  of  obser- 
vation. Perhaps  the  best  point  of  departure  would  be  Goshen, 
on  the  C.  &  0.  Railroad.  If  he  wishes  to  extend  the  section 
farther  toward  the  northwest,  the  turnpike  from  Warm  Springs 
to  Huntersville,  in  West  Virginia,  aflfords  a  fevorable  route  for 
horse-back  explorations. 

Washington  and  Lee  Uniyersity,  Ya.,  April,  1879. 


Art.  XX. — On  the  Discovery  of  a  supposed  new  Planetoid; 
by  Prot  C.  H.  F.  Petbrs.  From  a  letter  to  the  Editors 
dated  Litchfield  Observatory  of  Hamilton  College,  Clinton, 
K  Y.,  July  13, 1879. 

The  following  are  the  results  of  two  observations  on  a 
planetoid  found  nere  on  the  9th  inst.,  which  seems  to  be  new. 

18*79.  Meantime.  a  (198).  6 {19B).       Naofoomp. 

July  9.  11»'36»48«        m  22"»  11»-16    -33'22'r-2  4 

July  10.  12   32    24         17    21    2115      -23  27  29*6  8 

Comparison  star  for  both  evenings  was  0  Arg.  16826.  Last 
night  I  succeeded  again  in  getting  a  good  set  of  observations, 
which,  however,  are  not  vet  reduced.  The  planet  is  rather  of 
the  fainter  class  of  the  llth  magnitude,  and  on  account  of  its 
southern  position  a  difficult  object,  if  the  sky  is  not  quite  serene. 

Should  the  planet  of  Mr.  PaJisa  of  May,  after  the  final  dis* 
cussion  of  the  observations,  turn  out  to  be  a  new  one  and  not 
identical  with  Adeona,  the  present  one  will  be  number  199. 
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Arc.  XXL — Notes  on  the  Laramie  Group  of  Southern  Colorado 
and  Northern  New  Mexico^  East  from  the  Spanish  Ranges  ;  by 
John  J.  Stevenson,  Professor  of  Geology  in  the  University 
of  the  City  of  New  York. 

The  most  southern  of  the  Laramie  coal  fields  along  the  east- 
ern base  of  the  Kocky  Mountains  lies  partly  in  Colorado,  and 
partly  in  New  Mexico.  It  is  rudely  lozenge-shaped  and  has 
its  greatest  breadth  near  the  southern  boundary  of  Colorado, 
whence  it  tapers  in  each  direction,  pointing  out  at  the  north  near 
Cucharas  Creek,  forty  miles  from  the  state  line,  and  terminat- 
ing at  the  south  immediately  beyond  Cimarron  Creek,  thirty- 
six  miles  south  from  the  Colorado  line.  Its  area  is  not  far 
from  2200  square  miles,  and  the  whole  of  it,  save  perhaps  150 
square  miles,  is  included  in  the  district  examined  by  me  auring 
the  season  of  1878.  With  consent  of  the  Chief  Engineer, 
U.  S.  A.,  a  brief  synopsis  of  results  is  offered  here  in  advance  of 
the  report  to  be  presented  to  Lieutenant  Wheeler. 

This  field  is  separated  from  the  Spanish  Ranges  by  a  merid- 
ional valley,  from  one-fourth  of  a  mile  to  nearly  two  miles 
wida  Its  eastern  border  is  well-marked  by  a  line  of  high 
bluffs,  facing  the  plains  and  showing  the  lower  rocks  of  the 
Laramie  resting  on  the  higher  shales  of  the  Colorado  group. 
The  extreme  breadth  along  the  state  line  is  due  to  the  presence 
of  a  basalt  plate  covering  the  Raton*  Plateau,  whereby  the 
rocks  have  been  protected  from  erosion,  so  that  the  lower  mem- 
bers of  the  group  reach  to,  say,  twenty-three  miles  south  of  east 
from  Trinidad,  Colorado.  No  part  of  the  Laramie  group  exists 
on  the  Purgatory  or  the  Canadian  Plains  north  or  south  from 
the  plateau,  west  from  longitude  104°  7',  or  south  from  north 
latitude  87°  20' ;  but  the  Middle  Cretaceous  rocks,  those  at  the 
base  of  Cretaceous  No.  4,  immediately  underlie  the  Quaternary 
deposits  on  those  plains  and  extend  for  several  miles  up  all  of 
the  cafions  on  the  eastern  side  of  the  coal-field. 

Three  petty  anticlinala  were  traced  out  as  affecting  the  Lara- 
mie beds.  They  are  important,  economically,  as  they  keep  the 
coals  within  reach. 

The  Laramie  group  is  represented  here  by  sandstones,  shales 
and  coal  beds.  The  sandstones,  with  few  exceptions,  are 
yellowish-gray,  and  each  is  an  almost  exact  copy  of  every 
other,  the  only  material  variations  being  in  thicknesa  Persist- 
ent limestone  beds,  with  marked  characteristics,  are  wholly 
wanting,  and  such  l^eds  as  do  occur  are  thin,  irregular  and 
featureless.     No  rock  exists  which  can  be  used  as  a  horizon,  so 

*  This  is  designated  the  Ohioorica  Mesa  on  Dr.  Hajden's  general  map  of  Colo- 
rado. 
Am.  Joub.  Sol— Thibd  Ssbus,  Vol.  ZVIII,  No.  101— August,  1879. 
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that  the  process  of  tying  together  the  fragmentary  local  vertical 
sections  is  a  painful  one.  But  the  cafions  crossing  or  deeply 
indenting  the  field  are  numerous  and  are  separated  by  narrow 
intervals ;  they  aflford  ample  opportunity  for  verification  of  the 
sections,  and,  it  seems  hardly  possible  for  serious  errors  to 
escape  detection. 
The  section  of  the  group  is  approximately  as  follows : 


1.  Great  Sandstone,  440 

2.  Coal  bed  Zy  Blossom. 

3.  Sandstone  and  shale,         77 

4.  Coal  bed  Yy  Blossom. 

5.  Sandstone  and  shale,         75 

6.  Coal  bed  X',  2 

7.  Shale  and  sandstone,         45 

8.  Coal  bed  X,  4 

9.  Sandstone  and  Shale,        26 

10.  Coal  bed  V^y  6' to  4' 

11.  Sandat'e  and  Shale,  47'  to  70 

12.  Coal  bed  Y,  4' to  10" 
18.  Sandst'e  and  shale,  80'  to  36' 

14.  Canadian  coal  bedJJy  6'  to  4' 

15.  Sandst'eand  shale,  20'  to  30 

16.  Coal bed%  6'  to  2'  6" 

17.  Sandst'e  and  shale,  18'  to  20 

18.  Coal  bed  S,  4'  3"  to  10" 

19.  Sandstone  and  shale,         25 

20.  Coal  bed  R',  1' 4' 

21.  Shale  and  sandst'e,  25'  to  35 

22.  Caliente  coal  bed  R,  16'  to  1 

23.  Sandst'e  and  shale,  30'  to  35 

24.  Eaton  coal  bed  Q,       8'  to  1 

25.  Sandstone  and  shale,         25 

26.  Coal  bed  Fj  2' 6"  to  1 

27.  Sandst'e  and  shale,  40' to  50' 

28.  Coal  bed  O,  10" 

29.  Sandstone  and  shale,         80' 
80.  Coal  bed  l^y 

31.  Sandst'e  and  shale,  38' to  48 

32.  Cameron  coal  bedM^SZ' to 4 

33.  Sandst'e  and  shale,  22'  to  27 

34.  Coal  bed  L,  1'  to  8' 

35.  Sandst'e  and  shale,  64'  to  70' 

36.  Coal  bed  K,  8 

37.  Sandstone  and  shale,         24' 

38.  Coal  bed  J\  Blossom, 


39.  Sandst'e  and  shale,  44'  to  52' 

40.  Long*scafloncoalbed3y 

8'tol 

41.  Sandnt'e  and  shale,  45'  to  83 

42.  Coal  bed  I,  2'  6"  to  2' 

43.  Sandstone  and  shale,         50' 

44.  Coal  bed  R\  1 

45.  Sandst'e  and  shale,  50'  to  60 

46.  Cat^s  CloM  Cafion  coal 

bed  H,  5!  to  2" 

47.  Sandst'e  and  shale,  90'  to  1 1 1 

48.  Upper  Verm^ocoalbedOty 

2'  to  2" 

49.  Sandst'e  and  shale,  60'  to  120' 

50.  Lower  Verm^o  coal  bed 

F,  9'  to  4" 

51.  Shale,  12 

52.  Coal  bed  E"  1 

53.  Shale  and  sandstone,         15 

54.  Coal  bed  E',  6" 

55.  Shale  and  sandstone,         25 

56.  Upper  ReUly  coalbedEy 

7'  8"  to  2" 

57.  Sandst'e  and  shale,  18'  to  31 

58.  Lower ReiUy coalbedt)^ 

6'  to  2" 

59.  Sandst'e  and  shale,  12'  to  54 

60.  WUlow  Creek  coalbedC, 

3'  6"  to  1 

61.  Sandst'e  and  shale,  76' to  100 

62.  Trinidad  coal  bed  B, 

16'  6"  to  1 
68.  Sandst'e  and  shale,  20'  to  45 

64.  JDiUon  coalbedA^  16'  6"  to  1 

65.  Shale,  1'  to  10' 

66.  Halymenites  Sandstone, 

50'  to  80' 

67.  Shale  and  sandstone,  *      70 


-    The  total  thickness  of  the  group,  as  shown  in  this  field,  is 
not  far  from  1800  feet. 


Digitized  by 


Google 


J.  c7.  Stevenson — Laramie  Ghroup  of  Southern  Colorado.    181 

The  Coal  Beds. 

Several  coal  beds,  which  seem  to  be  of  very  limited  extent, 
have  been  omitted. 

The  beds  given  in  the  section  appear  to  be  persistent,  being 
shown  wherever  their  horizons  are  exposed ;  though  often  only 
by  "blossoms,"  which  sometimes  fail  to  indicate  either  the 
thickness  or  the  quality  of  the  coaL  No  bed  was  found  cer- 
tainly wanting  at  any  locality,  except  where,  during  the  forma- 
tion of  some  enormous  sandstone,  the  underlying  rocks,  shales 
as  well  as  coals,  had  been  cut  away.  But,  tnough  thoroughly 
persistent,  the  Laramie  coal  beds  are  as  variable  as  are  those  of 
the  Lower  Barren  coal  group  of  the  Appalachian  coal  field. 
Reference  to  the  section  shows  that  no  bed  exhibits  any  degree 
of  constancy,  and  that  even  the  best  one  is  at  times  utterly 
worthless.  None  possesses  more  than  merely  local  importance. 
A  bed,  ten  feet  thick  at  one  place,  may  be  but  a  few  inches 
thick  at  another  only  a  mile  away,  or  its  excellent  coal  may  be 
represented  by  wretched  shale,  utterly  worthless  for  fuel. 

The  variations  in  thickness  of  the  beds  and  in  quality  of  the 
coal  point  to  instability  of  conditions ;  but  this  is  more  clearly 
shown  by  the  splitting  up  of  the  larger  beds,  especially  in  the 
lower  part  of  the  section ;  a  most  perplexing  phenomenon, 
where  readily  identifiable  horizons  of  sandstone  or  limestone 
are  altogether  absent  This  subdivision  of  the  beds  seems  to 
be  confined  to  the  lower  part  of  the  section,  yet  it  may  charac- 
terize the  higher  part  also.  The  higher  coal  beds  are  seldom 
thick  and  their  variations  cannot  be  traced  without  much  diffi- 
culty, the  more  so  because  their  exposures  are  indistinct,  being 
masked  by  debris  of  the  sandstones. 

The  breaking  up  of  the  lower  beds  along  the  western  edge 
of  the  field  is  so  extreme,  that  at  some  localities  the  section  of 
the  first  two  hundred  feet  above  the  Halymenites  Sandstone 
bears  no  resemblance  to  the  same  part  of  the  group  as  exposed 
on  the  eastern  side  of  the  field.  At  the  head  of  the  Vermejo 
caflon,  this  interval  contains  fourteen  streaks  of  coal^  and  black 
shales  are  liberally  distributed  throughout  the  section.  The 
Cameron  coal  bed  splits  up  into  sixteen  layers  of  sandstone, 
shale  and  coal,  not  far  below  Cameron  post  office  on  Vermejo 
creek  in  the  center  of  the  field.  There  the  aggregate  thickness 
is  thirty-three  feet,  though  but  a  short  distance  east  or  west, 
the  bed  is  barely  two  feet  thick.  The  most  interesting  varia- 
tions are  those  shown  by  the  Trinidad  coal  bed^  between  Trinidad 
and  Baton  Pass,  withm  a  distance  of  little  more  than  nine 
miles.    Four  measurements  gave  the  following  results : 
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1.  Coal, 0'    8'  0'  8'?  CIO'  4'  0' 

2.  Interval, V    0'  8'?  21'  10'  24'  0' 

3.  Goal, V    8'  0'  4'  3'    0*  6'  0' 

4.  Interval, 0'    2*  C  4'  14'    0'  13'  0* 

5.  Coal, 5'    0'  6'  6'  6'    0'  9'  6' 

6.  Interval, 0'    4'  1'  4'  8'    0*  12'  0" 

7.  Coal, 2'    0'  0'  8*  1'    0'  1'  0' 

Total 16'  10'  16'  7'  64'    8'  68'  6' 

TotaXotCoal 9'  10'  7'  6'  10'  10*  19'  6' 

The  interval,  No.  2,  is  filled  with  shale  in  the  first  two  sec- 
tions, but  contains  sandstone  as  well  as  shale  in  the  last  two. 
No.  4  is  bony  coal  in  the  first  two,  but  holds  shale  and  sandstone 
in  the  last  two.     No.  6  is  filled  with  clay  at  all  of  the  localities. 

The  coal  from  the  Laramie  croup  in  this  field  is  soft  That 
from  the  Trinidad  bed  is  excellent  gas-coal  and  the  slack  is 
easily  coked.  The  coking  is  done  in  bee-hive  ovens  similar  to 
those  used  in  western  Pennsylvania.  Little  has  been  done, 
away  from  Trinidad,  toward  developing  the  mines.  The  whole 
country  is  cursed  with  old  Mexican  land  grants,  most  of  which 
are  clouded,  so  that  capitalists  hesitate  to  make  investments. 

The  Sandstones. 

The  sandstones  are  much  alike  and  few  of  them  are  persist- 
ent They  change  into  shales  and  back  again  into  sandstones 
in  the  most  perverse  manner.  Still,  some  of  these  beds  are 
constant  and  are  serviceable  locally  as  guides. 

The  Great  Sandstone,  closing  the  group  within  this  field,  is 
present  at  the  summits  of  all  divides  and  is  readily  recognized 
by  its  physical  peculiarities.  It  is  yellowish  gray,  compact, 
and  for  the  most  part  comparatively  fine-grained,  though  it 
occasionally  contains  a  layer  of  not  very  coarse  conglomerate. 
This  rock  is  wholly  non-t'ossiliferous  at  every  locality  where  it 
was  examined. 

The  sandstones  above  coal  beds  P,  G  and  H,  are  usually 
present  These  vary  from  light  yellowish  gray  to  decided  buff. 
Ordinarily  they  are  massive,  but  occasionally  flaggy  layers  are 
found  in  which  impressions  of  dicotyledonous  leaves  abound. 
No  animal  remains  were  observed  except  in  the  sandstone  over- 
lying coal  bed  F,  in  which  obscure  impressions  of  a  Cardium 
were  observed  at  one  locality. 

The  Halymeniles  sandstone^  at  the  base  of  the  series,  is  com- 

faratively  fine-grained,  usually  gray,  sometimes  yellowish  gray, 
t  is  invariably  present  and  forms  a  distinct  gray  band  on  the 
bluffs  from  Cucharas  Creek  southward  to  Cimarron  Creek,  with 
the  blossom  of  the  Dillon  coal  bed  almost  immediately  above  it. 
I  have  given  its  name  because  the  rock  is  loaded  with  Haly- 
meniies  major  Lesqx.,  which  was  not  identified  with  certainty  at 
any  higher  horizon  within  this  field  ;  though  it  is  abundant  at 
higher  horizons  in  other  fields  farther  north. 
Almost  without  exception,  the  sandstones  are  fine-grained  at 
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the  eastern  edge  of  the  field,  but  they  become  coarser  toward 
the  west,  until  on  the  western  border,  some  of  them  are  con- 
srlomerates  and  the  shales  have  almost  wholly  disappeared. 
This  condition  exists  at  the  base  of  the  mountains. 

Limestone  layers  were  seen  within  several  of  the  sandstones. 
They  are  always  present  on  the  eastern  side  of  the  field  in  the 
intervals  between  ooal  beds  F  and  G,  H  and  I,  and  I  and  J. 
Similar  layers  are  sometimes  shown  in  other  intervals,  but  they 
are  not  persistent.  These  beds  are  from  two  to  eighteen  inches 
thick.  None  was  found  above  coal  bed  J,  which  is  about  mid- 
way in  the  section.  The  limestone  is  blue  to  flesh-colored, 
weathers  yellow  because  of  much  iron,  and  contains  no  fossils. 
It  is  very  similar  to  much  of  the  limestone  found  in  the  Lower 
Barren  coal  group  of  the  Appalachian  coal  field. 

Impressions  oi  leaves  of  dicotyledonous  plants  were  found 
in  all  the  flaggy  sandstones  from  the  Dillon  coal  bed  to  the  base 
of  the  Great  Sandstone  at  the  top  of  the  section  ;  but  animal 
remains  are  rare.  Some  fish-teeth  were  obtained  from  the 
Halymenites  Sandstone,  associated  with  a  Cardium,  which  is 
very  similar  to  a  shell  of  which  imperfect  impressions  occur  in 
the  sandstone  overlying  the  Lower  Vermgo  coal  bed.  But  no 
impressions  of  leaves  were  found  in  the  shales  immediately 
overlying  coal  beds.  The  impressions  occur  only  in  sandstones  ; 
they  are  of  isolated  or  fragmentary  leaves  ana  many  of  them 
were  much  softened  by  soaking  before  they  were  entombed. 
The  plants  belonged  to  upland  vegetation  and  (heir  leaves  were 
evidently  brought  down  to  the  shore  by  streams. 

Belaiton  of  the  Laramie  io  the  Middle  Cretaceous, 
Throughout  this  southern  coal-field  the  Lamarie  rocks  rest  on 
the  shales  of  the  Fort  Pierre  sub-group,  the  Cretaceous,  No.  4 
of  Mr.  Meek's  original  section.  These  contain  Ammonites  pla- 
centa^ Baculites  ovatus,  Inoceramus  convexus^  and  other  thor- 
oughly characteristic  species.  The  Fox  Hills  group,  the  No.  5 
of  Mr.  Meek's  section,  appears  to  be  wanting  here.  It  cer- 
tainly is  wanting  if  the  Halymenites  sandstone  is  to  be  included 
in  the  Laramie  group. 

Lithologically,  the  transition  from  the  Fort  Pierre  to  the 
Laramie  is  so  gradual  that  the  line  of  separation  between  the 
groups  must  be  assumed  arbitrarily.  The  dark  shales  of  the 
former  pass  upward  into  brownish  shales  with  thin  sandstonei», 
which  in  turn  shade  away  into  the  Halymenites  sandstone  above. 
The  transition  requires  not  far  from  two  hundred  feet  of  rock. 
But  a  great  change  took  place  at  the  close  of  the  Fort  Pierre 
group.  For  the  most  part,  the  shales  of  that  group  are  rich  in 
animal  remains,  but  such  remains  cease  to  appear  at  forty  or  fifty 
feet  below  the  line  assumed  as  the  summit  Animal  remains  are, 
to  all  intents,  absent  from  the  Laramie  group  in  the  Trinidad 
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coal-field.  The  newer  coDditions  were  unfavorable  to  animal 
life.  Marine  conditions,  however,  did  not  cease  with  the  Fort 
Pierre.  The  sandstones  of  the  Laramie  are  of  marine  origin, 
though  perhaps  only  oflf-shore  deposits.  Halymeniies  major 
occurs  profusely  in  the  lowest  ^ndstone  within  the  Trinidfad 
field  as  well  as  at  much  higher  horizons  in  the  Gaflon  City 
field.  Hu^e  knotted  fucoids  were  found  in  a  sandstone  above 
coal  bed  J,  iq  the  former  field.  Other  sandstones,  showing  no 
fucoids,  contain  many  battered  logs.  Limestones,  unmistakably 
of  marine  origin,  occur  up  near  to  the  middle  of  the  Laramie. 
The  change  is  not  unlike  that  shown  in  the  passage  from  the 
Lower  to  the  Upper  Carboniferous  in  the  Appalachian  coal-field. 


Art.  XXTT. — On  some, points  in  Lithohgy  ;  by  James  D.  Dana. 

IL   On  thb  composition  of  the  Capillary  Volcanic  glass  op 
KiLAUSA,  Hawaii,  called  P&lA's  Haib. 

The  capillary  volcanic  glass  of  Kilauea  collected  by  the 
writer  at  the  volcano  in  the  year  1840  was  analyzed  for  ihe 
writer's  Geological  Keport  of  the  Exploring  Expedition  (1849) 
by  Prol  B.  SiTliman  (B.  Silliman,  Jr.),  and  the  results  are  pub- 
lished in  it  on  page  200.  The  large  discrepancies  between  the 
two  analyses  there  reported — one  of  a  dark  and  the  other  of  a 
pale  variety — and  especially  the  difference  as  to  soda,  one  being 
stated  to  contaili  21*62  percent,  and  the  other  none,  left  the 
question  of  composition  in  great  doubt*  I  have  now  to  report 
two  new  satisfactory  analyses  of  the  glass.  For  these,  science 
is  indebted  to  Mr.  F.  J.  Allen  of  the  Shefiield  Scientific  School 
of  Yale  College,  excepting  the  determination  of  the  state  of 
oxidation  of  tne  iron,  which  is  by  Prof.  0.  D.  Allen.  The 
results  were  as  follows : 

I.  n.  Mean. 

Silica 60-76  60-74  60-76 

Alumina 16*68  16-39  16-64 

Iron  sesquioxide 2-16  2-06  2-10 

Iron  protoxide 7-90  7*87  7*88 

Manganese  protoxide trace  trace  trance 

Magnesia 7*66  7-66  7'66 

Lime 11-96  11-97  11*96 

Soda 2-11  2-16  213 

Potash   0-65  0-67  0-66 

Ignition 0*86  0-86  0-36 

100-10  99-76  99-92 

*  The  analyses  also  of  volcanic  scoria  and  lava,  given  on  the  same  page  of  my 
Keport,  are  evidently  too  unoertain  to  be  loDger  quoted,  unless  the  results  shall  be 
confirmed  by  other  analysts. 
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The  composition  obtained  has  ^eat  interest,  since  it  shows 
that  this  most  fusible  part  of  the  Kilauea  lavas  has  almost  pre- 
cisely the  composition  of  ordinary  doleryte  (=basalt=diabase, 
essentially).  I  cite  for  comparison  an  analysis  by  Q-.  W.  Hawes 
of  the  "trap*'  of  West  Eock  (New  Haven,  CJonn.),  which  agrees 
closely  witn  the  average  composition  of  this  basic  rock. 

SiO,    ^Oi  PeOi  FeO  MnO  MgO  OaO  Na,0  E:,0  igpa 
PA^'sHair  60*75  16*54  2] 0  7*88    iir.    I'GS  11*96  2*13  0*66  0*36=99*92 

West  Rock  "trap'»  61*80  14*21  3*65  8*26  0*42  7*63  10*68  215  0*39  0-63=99*'72 

'     [ + phosphoric  acid  0- 14 

The  "trap"  consists  of  labradorite  and  augite  with  some 
ma^etite.  It  is  hence  identical  with  the  most  abundant  kind 
of  Igneous  rocks.  The  fusibility  of  such  a  compound  is  thus 
well  indicated  by  the  facts  at  Kilauea.     Moreover  it  is  not  sur- 

E rising,  since  the  fusibility  of  both  labradorite  and  ordinary 
lack  augite  are  each  marked  down  as  low  as  8  by  von  Kobell. 
There  is  hence  no  question  as  to  the  complete  fusion  of  such 
ingredients  in  a  volcano,  even  where  moisture  is  not  present. 

The  analyses  add  another  to  the  many  examples  already 
known,  proving  that  there  was  no  difference  in  constitution 
between  a  large  part  of  the  material  in  fusion  and  ejected  in 
Mesozoic  time  and  that  thrown  out  by  modern  volcanos ;  and  it 
illustrates  the  fact  that  Geology  has  no  good  basis  for  the  dis- 
tinction of  "  older"  and  "  younger"  among  igneous  rocks. 

An  important  paper  on  the  microscopic  characters  of  Pfl^'s 
Hair  has  been  published  at  Tubingen  (in  1877)  by  C.  Pr.  W. 
Krukenberg,  in  a  pamphlet  giving  also  the  results  of  the  author's 
investigations  on  Tachylyte  and  Hyalomelan,  Basalt  glass, 
Porous  and  Spherulitic  Basalt,  and  Obsidian.  He  states,  and 
illustrates  by  figures,  the  following  facts  respecting  P616*s  Hair. 
The  fibers  are  sometimes  bent  and  coalesced  into  loops ;  often 
are  tubular;  frequently  contain  air  bubbles,  and  occasionally 
microlites.  There  is  usually  an  enlargement  of  the  diameter 
whenever  a  crystal  (or  microlite)  exists  within,  and  also  about 
many  of  the  air-cavities.  The  crystals  are  mostly  rhombic,  but 
as  to  their  kinds  the  author  makes  no  suggestion. 


Art.  XXIII.— On  the  size  of  Molecules;  by  N.  D.  C.  HoDGES. 

If  we  consider  unit  mass  of  water,  the  expenditure  on  it  of 
an  amount  of  energy  equivalent  to  686*7  units  of  heat  will 
convert  it  from  water  at  zero  into  steam  at  100°.  I  am  going 
to  consider  this  conversion  into  steam  as  a  breaking  up  of  the 
water  into  a  large  number  of  small  parts,  the  total  surface  of 
which  will  be  larger  than  that  of  the  water  originally.  To 
increase  the  surface  of  a  mass  of  water  by  one  square  centimeter 
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requires  the  use  of  •000825  milligrams  of  work.  The  total 
superficial  area  of  all  the  parts,  supposing  them  spherical,  will 
be  47rr*N.  The  number  of  parts  being  N,  the  work  done  in 
dividing  the  water  will  be  Ittt^N.  For  the  volume  of  all  the 
parts  we  have  f^rr^N.  This  volume  is  in  accordance  with 
the  requirements  of  the  kinetic  theory  of  gases,  about  ^^Vt 
of  the  total  volume  of  the  steam.  The  volume  of  the  steam 
is  1762  ^imes  the  original  unit  volume  of  water. 

Hence  |N;rr'3000  =  1 762 

4N;rr'-000826=636-7,423 

One  unit  of  heat  equals  428  milligrams. 

Solving  these  equations  for  r  and  N,  we  get  r  equal  to 
•000000005  centimeter,  a  quantity  of  the  same  order  of  magni- 
tude as  has  alre^y  been  obtained  by  Thomson,  Maxwell  and 
others,  N  equal  OOfeO  (million) 'n  for  the  number  in  one  cubic 
centimeter  5  to  6  (million)'. 

Around  every  body  there  is  an  atmosphere  of  more  or  less 
Qondensed  gases.  On  the  sur&ce  of  platinum  these  must  be 
nearly  in  the  liquid  condition,  as  shown  by  the  power  of  plat- 
inum to  bring  the  atoms  of  hydrogen  and  oxygen  so  near 
together  that  they  combine.  These  vapors  on  the  surface  have 
a  tendency  at  ordinary  temperatures  to  expand ;  and  part  of 
them  can  do  so,  if  the  surface  of  the  body  is  reduced.  There 
is  in  these  condensed  atmospheres  an  explanation  of  all  the 
phenomena  of  superficial  tension.  The  energy  in  the  unit  of 
area  ought  to  be  equivalent  to  the  amount  of  work  done  in 
compressing  a  quantity  of  the  vapor  from  the  gaseous  to  the 
liquid  state  sufficient  to  cover  the  surface  a  few  molecules  deep. 
The  molecular  attraction  seems  to  be  very  slight  in  gases,  when 
the  molecules  are  ten  or  fifteen  molecular  diameters  apart 
To  get  some  idea  of  the  amount  of  work  done  in  compressing 
one  gram  of  oxygen  to  liquid  form,  we  may  consider  that  in 
the  union  of  one  gram  of  hydrogen  with  eight  grams  of  oxygen 
84,462  units  of  heat  are  produced.  It  matters  not  that  the  con- 
densation is  brought  about  by  the  energy  of  chemical  separa- 
tion rather  than  by  the  work  done  in  pressing  them  together 
in  a  cylinder. 

The  superficial  energy  of  platinum  is  169'4  milligrams  per 
square  meter  or  -01694  per  square  centimeter,  equal  to  "00004 
of  a  unit  of  heat.     The  proposition 

9:84,462=aj:-00004 

gives  the  weight  of  water  condensed  on  square  centimeter  of 
surface  or  the  volume  in  cubic  centimeters  as  "00000001,  which 
agrees  with  the  other  result. 
Physical  Laboratory,  Harvard  GoUege,  May  14, 1879. 
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Art.  XXIV. — Discovery  of  a  new  group  of  Lower  Carboniferous 
Rocks  in  Southeastern  Ohio;  by  E.  B.  Andrews.  Letter  to 
the  Editors  dated  Lancaster,  Ohio,  July  5,  1879. 

I  HAVE  recently  found  in  Perry  County  (Ohio)  an  interesting 
group  of  fossiliferous  rocks  between  the  Maxville  Limestone 
(the  approximate  equivalent  of  the  Chester  group  of  Illinois), 
and  the  Waverly.  In  Illinois  and  along  the  Mist'issippi  river, 
there  are  three  distinct  groups  of  Lower  Carboniferous  rocks 
between  the  Chester  and  the  Waverly  or  Kinderhook  of  the 
Illinois  Reports,  These  are  the  St  Louis,  Keokuk  and  Bur- 
lington. It  has  long  been  my  hope  to  find  traces  of  these 
groups  in  Ohio.  At  one  point  I  have  recently  obtained  the 
following  section : 

Maxville  limestone, 16  to  18  ft.,  estimated. 

Coarse  sandstone, 2  ft. 

Clay  shale,  blue  and  red, 8  fu 

Horizon  of  nodalar  concretions,  fossiliferous. 

Clay  shale,  blue, 7  ft. 

Ferruginous  limestone,  highly  fossiliferous, 15  in. 

Blue  clay  shale, 8  to  10  ft. 

Finegrained  sandstone  (Logan  sandstone)  Upper  Waverly. 

At  another  locality,  about  a  mile  distant,  I  find  the  same 
intermediate  group,  but  the  Maxville  limestone  is  not  seen. 

A  few  of  the  fossils  first  obtained  were  sent  to  Mr.  E.  P. 
Whitfield,  who  found  them  mostly  new,  but  indicating  a  Keo- 
kuk type,  with  suggestions  of  Warsaw  and  Spergen  Hill.  I 
have  since  largely  increased  my  collection  and  may  have  sixty 
or  seventy  species,  and  shall  doubtless  obtain  many  more. 
Besides  corals  and  Bryozoa,  which  are  beautifully  preserved,  I 
find  representatives  of  the  following  genera:  Lingula,  Discina, 
Productus,  Chonetes,  Spirifer,  Rhynconella,  Phillipsia,  Beller- 
ophon,  Aviculopecten,  Platyceras,  Dentalium,  and  of  several 
otters.  Fragments  of  Crinoids  are  abundant,  but,  as  yet,  I 
I  have  found  none  whole.  Very  few  of  the  species  can  be 
found  in  the  underlying  Waverly,  and  perhaps  none  in  the 
overlying  Maxville.  I  have  been  unable  to  identify  many 
of  the  species  with  those  figured  in  our  Western  Reports  from 
the  Lower  Carboniferous  rocks.  It  is  probable  that  the  newly 
found  group  does  not  exactly  represent  any  of  the  groups 
found  farther  west,  but  shows  the  life  that  existed  along  the 
eastern  shallow  margin  of  the  interior  sea  in  which  were  depos- 
ited the  vast  calcareous  beds  of  the  Middle  Lower  Carbonifer- 
ous, found  along  the  Mississippi  river.  Provisionally  the 
group  may  be  called  the  Eushville  group. 
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Art.  XXV.  —  Note  on  the  Lower  Waverly  Strata  of  Ohio ;  by 
Edward  Orton,  Professor  of  Geology  in  Ohio  State  Univer- 
sity, Columbus,  Ohio. 

The  Waverly  Black  Shale  of  Southern  Ohio  proves  to  be  a 
very  persisj.ent  stratum.  It  is  but  sixteen  feet  on  the  Ohio 
River,  where  it  was  first  described  by  Professor  E.  B.  Andrews, 
and  at  no  point  has  it  been  found  to  exceed  thirty  feet  in  thick- 
ness, but  it  stretches  without  interruption  from  the  Ohio  River 
to  Lake  Erie,  and  now  that  it  has  been  followed  through  the 
length  of  the  State,  it  gives  us  the  means  of  synchronizing  the 
hitherto  discordant  elements  of  the  lower  part  of  the  Waverly 
Group  in  a  surprisinglysatirfactory  manner. 

The  identitv  of  the  Waverly  Black  Shale  of  Southern  Ohio 
and  the  Cleveland  Shale  of  Northern  Ohio,  which  was  suggested 
as  probable  ten  years  since  by  Dr.  Newberry,  and  which  has 
since  been  adopted  by  most  of  those  who  have  written  on  the 
geology  of  the  Waverly  Group  in  Ohio,  proves  to  be  an  error. 

Dr.  Newberry  has  since  shown  that  the  Erie  Shale  wedges 
out  as  it  is  followed  westward  from  Cleveland,  letting  the 
Cleveland  Shale  down  upon  the  Huron  Shale,  near  the  mouth 
of  Vermillion  River.  From  this  it  would  appear  that  the  Black 
Shale  that  is  followed  southward  from  that  point  covers  the 
interval  occupied  by  three  northern  formations  viz :  the  Huron, 
Erie  and  Cleveland  Shales. 

The  Waverly  Black  Shale  finds  its  place  directly  above  the 
Berea  Grit  to  the  northward.  The  stratum  has  been  distinctly 
described  in  the  reports  on  the  northern  counties,  but  it  has 
not  been  distinctly  named.  It  has  been  treated  of  as  the 
dark,  fossiliferous  shale  at  the  base  of  the  Cuyahoga  Shale. 
No  better  name  could  be  found  for  it  than  Berea  Shale — ^for  it 
makes  the  roof  of  the  Berea  quarries,  just  as  it  does  of  the 
lower  Waverly  quarries  of  Pike  County. 

As  a  result  of  this  determination,  it  is  seen  that  we  have  in 
the  Berea  Grit  a  stratum  that  can  be  traced  continuously  from 
the  Pennsylvania  line  westward  to  Erie  County,  and  from 
thence  southward  to  the  Ohio  River.  The  equivalence  of  the 
several  principal  subdivisions  of  the  series  m  Northern  and 
Southern  Ohio  is  now  apparent  Thus  we  find  that  the  Bed- 
ford Shale  is  the  Waveirly  Shale  of  Pike  County,  the  Berea 
Grit  is  the  Lower  Waverly  of  Central  and  Southern  Ohio,  the 
Berea  Shale  (base  of  the  Cuyahoga  Shale)  is  the  Waverly 
Black  Shale,  and  the  Cuyahoga  Shale  of  the  northern  counties 
is  represented  by  just  about  the  same  measure  and  the  same 
character  of  beds  in  Pike  County  that  it  has  at  the  north. 

At  about  four  hundred  feet  above  the  Great  Black  Shale, 
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certain  highly  fossiliferous  beds  occur.  They  have  been  worked 
for  fossils  quite  carefully  in  Medina,  Ashland,  Licking,  Ross, 
Pike  and  Scioto  Counties.  It  seems  probable,  at  least,  that  the 
Lodi,  Ashland,  Granville  and  Sciotoville  fossils  all  come  from 
the  same  horizon. 

The  Buena  Vista  Stone,  that  overlies  by  a  few  feet  the 
Waverly  Black  Shale  on  the  Ohio  Eiver,  and  with  which  the 
Berea  writ  of  Northern  Ohio  was  identified  by  the  erroneous 
reference  of  the  Waverly  Black  Shale  named  aoove,  proves  to 
be  much  more  local  in  its  character  than  the  other  elements. 
It  has  not  been  found  to  hold  as  a  continuous  stratum  as  far 
north  as  the  center  of  the  State. 

A  summaiT  of  the  facts  here  given  is  appended  in  a  tabular 
form.  The  thickness  of  the  several  strata  as  found  in  Northern 
Ohio  is  that  given  by  Dr.  Newberry — while  Southern  Ohio  is 
represented  by  the  typical  Waverly  section. 


iTorihem  Ohio. 

Smsthem  Ohio, 

Cuyahoga  Shale,         160-260  ft 
Upper  beds  f oflBfliferoua. 

Shale  and  Sandstone,  300-400  ft 
Upper  beds  fossiliferous. 

(Berea  Shale,)                      10  ft 

Waverly  Blade  Shale,           16  ft 

Berea  Grit,                         60  ft 

Waverly  Quarries,               60  ft 
and  overlying  blue  shale. 

Bedford  Shale,                    76  ft 

Waverly  Shale,                    90  ft 

Cleveland  Shale. 

Qreat  Black  Shala 

A  conglomerate  covers  the  Cuyahoga  Shale  both  in  Northern 
and  in  Southern  Ohio.  It  has  been  pronounced  in  both  sec- 
tions the  Carboniferous  conglomerate,  but  in  Licking,  Knox 
and  other  counties,  the  same  fossiliferous  stratum  that  under- 
lies it  constitutes  the  base  of  the  Waverly  conglomerate  of 
Andrews,  which  is  there  separated  from  the  Carboniferous  con- 
glomerate by  one  hundred  to  two  hundred  feet  of  the  Logan 
sandstone  oi  the  same  author.  Without  undertaking  to  clear 
up  the  confusion  of  the  two  conglomerates  throughout  the  field, 
I  venture  to  suggest  that  a  satisfactory  explanation  for  South- 
ern Ohio  seems  to  be  found  in  the  fact  that  upon  the  extreme 
western  border  of  the  cOal-measures,  the  two  conglomerates  are 
unconformable  bv  overlap,  the  Logan  sandstone  oeing  greatly 
reducefd  and  perhaps  disappearing  entirely,  and  the  conglome- 
rates thus  coming  to  be  considered  as  one. 
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SCIENTIFIC    INTELLIGENCE. 
L  Chemistry  and  Physics. 

1 .  Vapor^UnsUies  at  very  High  Temperatures. — ^Victor  Meybr 
proposed  some  time  a^o  a  simple  method  for  the  approximate 
determination  of  vapor-densities  for  the  purpose  of  fixing  molecu- 
lar weights.*  Subsequently,  in  coi\junetion  with  Carl  Mbtjer, 
be  extended  the  method  to  the  determination  of  densities  at  tem- 
peratures just  below  the  softening  point  of  Bohemian  glass,  find- 
ing the  density  of  jAosphoric  sulphide  P,S,  to  be  7*65,  theory 
requiring  7*67 ;  and  that  of  indium  chloride  to  be  7*87,  tie  fonn- 
ula  InCT,  requiring  7*60,  thus  proving  indium  to  be  a  perisaad. 
These  authors  have  now  rendered  their  method  available  for  much 
higher  temperatures,  optically  a  bright  yellow,  lying  between  the 
fiising  points  of  cast  and  of  wrought  iron,  bythe  use  of  bulbs  of 

Sorcelain,  heated  in  a  Perrot's  gas  ftimace.  The  operation  is  con- 
ucted  precisely  as  at  lower  temperatures,  some  details  only 
requiring  modification.  The  temperature  of  the  muffle  was  deter- 
mined calorimetrically  by  means  of  a  block  of  platinum ;  giving 
1570*^  C,  1543°  and  1557®  in  three  experiments,  the  mean  being 
)  560^  Sulphur-vapor  at  this  temperature,  was  found  to  have  a 
density  of  2*17,  S  requiring  2'2l.  As  Deville  and  Troost  found 
2*23  at  1040®  C,  S  continues  to  be  diatomic  at  higher  tempera- 
tures. The  density  as  found  by  the  authors  below  redness,  6*68, 
corresponds  to  a  hexatomic  molecule,  S^  Cuprous  chloride,  also 
determined  in  nitrogen,  gave  7*05,  the  formula  Cu,Cl  requiring 
6*84.  Arsenous  oxide  gave  a  density  of  13-80  at  a  moderate  red 
heat,  13'78  at  1560°;  corresponding  to  the  formula  As^O^  which 
requires  13*68.  This  agrees  with  Mitscherlich's  results  and  shows 
that  the  opinion  of  Eolbe  that  arsenous  oxide  would  split  up  like 
sulphur,  into  smaller  molecules  at  higher  temperatures,  is  not 
correct,  the  formula  being  As^O,  alike  at  571®  and  1560®.     Its 

y  As —  — As  \ 

constitution  must   therefore  be  either  O^        — O —        ^O  or 

^AsziOOizAs'^ 

/  -As Q As . 

O^      Q ^O.    Cinnabar  gave  a  density  of  5*89,  the  form- 

^As Q    As^ 

ula  Hg,S,  requiring  5  •84. — Ber.  BerL  Chem.  Oes.y  xii,  1112,  June, 
1879.  G.  p.  B. 

2.  Vapornlensities  of  Metallic  Chlorides. — Victor  and  Carl 
Mbtbr  give,  in  a  later  paper,  the  results  of  some  determinations 
by  their  method,  of  the  vapor-densities  of  certain  metallic  chlo- 
rides. Stannous  chloride,  at  the  temperature  of  619®  in  a  bath  of 
melted  lead,  gave  12*85 ;  at  697®,  1308.  Hence  its  formula  should 
be  Sn,Cl^  which  requires  13*06.  Zinc  chloride,  determined  at 
891®  and  907®  in  the  Perrot-Wiesenegg  muffle  furnace,  gave  4*58 

♦  This  Journal,  m,  xvii,  63,  Jan.,  ISIB, 
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and  4*61,  ZnCl,  reqairin^  4*70.  Ferric  chloride,  in  a  lead  bath 
heated  to  the  boiline  point  of  salphur  (about  447°)  gave  11*] 4; 
and  at  619%  11*01,  ^e  formula  Fe,Cl,  requiring  11-23.  At  higher 
temperatures,  even  at  697°,  both  ferric  and  aluminum  chlondes 
lose  chlorine. — Ber,  BerL  Cliem.  Ges.^  xii,  1196,  June,  1879. 

G.   F.   B. 

3.  On  Lead  tetrachloride, — Fishbb  has  given  some  experi- 
mental evidence  to  prove  the  existence  of  a  tetrachloride  of  lead. 
When  lead  dioxide  is  acted  on  by  moderately  strong  hydrochlo- 
ric acid,  a  yellow  solution  is  obtained  having  a  strong  odor  of 
chlorine,  and  easily  decomposed  by  heat,  evolving  chlorine  and 
depositing  crystallized  lead  chloride.  Alkalies  and  alkali  carbo- 
nates,'* as  well  as  earthy  oxides  and  carbonates,  throw  down  lead 
peroxide,  as  also  do  weak  acids  as  acetic  and  boria  If  no  excess 
of  hydrochloric  acid  is  used,  simple  dilution  with  water  precipi- 
tates the  dioxide.  For  the  analysis,  lead  dioxide  was  cautiously 
added  to  twice  its  weight  of  hydrochloric  acid  previously  diluted 
with  an  equal  volume  of  water.  After  a  few  minutes,  the  yellow 
solution  was  poured  off  from  the  precipitated  lead  dichloride. 
Twenty  c.  c.  of  this  solution  was  allowed  to  flow  into  a  solution  of 
sodium  acetate,  producing  a  precipitate  of  lead  dioxide.  Twenty 
c.  a  was  also  aaded  to  a  definite  volume  of  ferrous  sulphate  of 
known  strength,  in  excess.  The  former  mixture  was  then  filtered 
into  a  Woulfe's  bottle,  the  lead  dioxide  on  the  filter  washed,  dried, 
ignited  and  weighed.  The  latter  solution  was  titrated  with  per- 
manganate, the  chlorine  being  estimated  from  the  amount  of  the 
ferrous  salt  oxidized  by  it.  Assuming  the  analytical  reactions  to 
be  PbCl  +(H,0),=PbO,-f(HCl),  and  PbCl,=PbCl,-fCl„  it  is 
evident  that  the  lead  obtained  by  the  first  of  the  above  processes 
stands  to  the  chlorine  obtained  by  the  second  as  1 :  2  atoms.  The 
experimental  ratios  obtained  were  1 :  1*97,  1 :  2*03,  1 :  1*98,  and 
1 :  1*96,  in  several  experiments;  thus  leaving  no  doubt  that  the 
yellow  solution  exammed  contained  a  compound  of  lead  and  chlo- 
rine in  the  proportion  of  one  lead  to  four  chlorine.  The  same 
body  results  when  red  lead  is  treated  with  HCl,  and  when  chlo- 
rine gas  is  passed  through  a  solution  containing  lead  chloride  in 
suspension.  The  facility  of  this  conversion  into  peroxide  in  pres- 
ence of  sodium  acetate  leads  the  author  to  propose  it  as  a  quan- 
titative method,  using  bromine  in  place  of  chlorine. — J.  Chem. 
JSoCy  XXXV,  282,  June,  1879.  G.  f.  b. 

4.  On  the  jyew  Mlementj  iScandium, — The  new  element  scan- 
dium, discovered  by  Nilson,  was  obtained  from  a  specimen  of  the 
ytterbia  of  Marignac,  prepared  from  both  gadolinite  and  euxenite. 
in  order  to  ascertain  wnether  the  new  element  exists  in  both 
these  minerals,  or  in  only  one  of  them,  CL^yB,  engaged  in  the 
investigation  of  the  gadolinite  earths  at  the  same  time  with 
Nilson,  examined  these  especially  for  the  new  metal,  and  found,  a 
few  weeks  after  the  discovery  was  announced  by  Nilson,  that 

fadolinite  contained  it  but  only  in  minute  quantity.    From  four 
ilograms  of  this  mineral,  he  was  able  to  extract  0*8  gram  scan- 
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dinm  oxide ;  hence  he  infers  that  gadolinite  contains  0*02  per  cent 
of  this  egrth.  In  studying  the  yttrio  earths  of  yttrotitanite  or 
keilhanite  from  Arendai,  he  found  scandia  present  there  also. 
Three  kilograms  of  this  mineral  gare  him  1*2  erams  of  scandium 
oxide,  corresponding  to  0*04  per  cent.  He  is  now  engaged  on 
larger  quantities  of  the  keilhauite  and  hopes  to  obtain  enough 
material  to  enable  him  to  determine  the  more  important  charac- 
ters of  the  new  element,  which  he  thinks  does  not  belong  to  the 
yttrium  group. — JBulL  Soc  6%.,  II,  xxxi,  486,  June,  1879. 

G.   F.   B. 

6.  On  the  Action  of  Bleaching  Powder  on  Ethyl  AleohoL — 
SoHMTiT  and  Goldbbbg  have  studied  the  action  which  goes  on  in 
the  commercial  process  for  the  preparation  of  chloroform  by  dia- 
tilling  together  bleaching  powder  and  ethyl  alcohol.  When  a 
good  bleaching  powder  acts  on  absolute  alcohol,  after  seyen  to 
ten  minutes  an  energetic  reaction  sets  in  with  eyolution  of  much 
heat,  and  there  distills  oyer,  besides  the  excess  of  alcohol,  a 
greenish  yellow  oil,  which  under  the  influence  of  light  and  heat 
decomposes  almost  explosiyely,  eyolying  yapors  of  hydrochloric 
and  h^pochlorous  acids.  They  haye  not  succeeded  in  isolating 
this  oil,  but  they  belieye  it  to  be  ethyl  hypochlorite,  formed  by 
the  reaction:  CaCl,+Ca(OCl)  +(C  H.OH),==CaCl,+Ca(OH), 
+  (C,H,(0C1))^  The  residue  of  the  distillate  after  the  explosion, 
consists  about  ^  of  alcohol  and  aldehyde,  remoyable  by  water, 
and  about  {  of  a  non-miscible  oil,  heayier  than  water.  Forty  cc 
of  this  oil,  obtained  by  the  use  of  415  cc.  alcohol,  gaye,  on  frao- 
tioning,  I  ac.  boiling  below  VO**,  4  aa  between  70°  and  80,  6  ca 
between  80°  and  100°  8*6  ac.  between  100°  and  160°,  20*6  aa 
between  160°  and  160%  and  1*6  ca  between  160°  and  180°.  The 
largest  fraction  yielded  a  constant  product  boiling  at  154°-166°, 
which  was  monochloracetal.  The  highest  fraction  gave  dichlora- 
cetaL  The  fraction  from  80°  to  150°  ffaye  a  product  constant  at 
77°-78°  which  gaye  the  formula  C.H^OCl,  probably  chlormethyl- 

ethyl  ether    q^^  [  O.—J.prak.  Ch.,  H,  xix,  893,  May,  1879. 

G.  F.  a 
6.  On  Heptane  from  Pinua  Sabiniana, — ^Thobpb  has  submitted 
to  examination  a  hydrocarbon  obtained  by  distilling  the  exuda- 
tion of  a  Coniferous  tree,  Pinue  sabiniana  DougL,  or  nut  pine, 
crowing  in  the  Sierras  of  California.  This  hydrocarbon  was  first 
described  in  1871  by  Wenzell  of  San  Francisco  under  the  name 
^  Abietene,"  it  bein^  found  in  commerce  under  the  names  abie- 
tene,  erasine,  aurantme,  theoline,  etc.  Through  the  assistance  of 
Dr.  Squibb  of  Brooklyn,  Thorpe  obtained  two  gallons  of  this 
hydrocarbon  from  WenzelL  Its  physical  properties  fully  con- 
firmed the  statements  of  the  latter.  It  was  colorless,  had  a  per- 
sistent odor  of  oil  of  oranges,  boiled  slightly  below  100°  and  left 
a  resin,  which  had  the  above  odor  yery  strongly.  On  agitating 
the  oil  with  strong  sulphuric  acid,  the  acid  became  brown  and  the 
hydrocarbon  lost  its  smelL      Its  boiling  point,  corrected,  was 
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fbund  to  be  98*43^  and  98*42^  in  two  portioDS.  On  analysis  it 
gave  83*81  carbon,  16'06  hydrogen,  while  heptane  C^H,^  requires 
83*97  carbon,  16*03  hydrogen.  Its  vapor  density  was  found  to  be 
60*07  and  49*94  in  two  experiments,  C,H,,  requiring  49*90.  Hav- 
ing so  lar^e  a  (]^uantity  of  pure  heptane,  Thorpe  undertook  the 
determination  of  its  physical  constants.  Three  determinations  of 
its  specific  gravity,  reduced  to  O*'  and  referred  to  water  at  0°, 
gave  0*70057.  The  coefficient  of  expansion  between  0^  and  100° 
IS  given  by  the  formula  1  +  0*00121023«  +  0*0000011133^  + 
0*000000011 74«*.  The  volume  at  the  boiling  point  98*43°,  is 
1*14111.  The  specific  gravity  at  this  temperature  is  0*61393  and 
its  specific  volume  is  162*54,  that  calculated  from  Eopp's  values 
being  165.    Its  refractive  index  was  found  to  be  1*3879  at  17*6° 

for  the  sodium  line.    The  specific  refractive  energy      ,  ,  is  0*565 ; 

and  its  molecular  refractive  energy  is  56*4,  the  value  from 
Landolt's  formula  beiujg  55*8.  It  appears  to  have  a  slight  rotatory 
power  +6*9'.  Its  coefficient  of  viscosity  varies  with  the  tempera- 
ture, the  value  being  given  by  the  formula  t;  =  0*005003  — 
0*00005501^+  0*0000003061^.  Its  surface  tension  by  the  capillary 
tube  method  was  found  to  be  22*19  C.  6.  S.  units;  and  oy  the 
bubble  method  21*8  and  21*12  units;  givine  167  as  the  angle  of 
capillarity.  This  surface  tension  is  the  lowest  of  any  uiown 
liquid.  Thorpe  believes  that  this  heptane  is  probabljr  isomeric  with 
that  obtainea  from  petroleum  and  probably  identical  with  that 
from  azelaic  acid. — J.  Chem.  JSoCj  xxxv,  296,  June,  1879.   g.  f.  b. 

7.  On  the  Synthesis  of  Chrysene, — Grasbb  and  Bungenbb, 
struck  by  the  similarity  between  chrysene  and  phenanthrene, 
formulated  them  analogously  and  suggested  that  the  former 
might  be  a  phenyl-naphthalene  derivative,  as  the  latter  is  a 
diphenyl  one.  By  the  action  of  A1,C1,  upon  a  mixture  of  phenyl- 
acetic  acid  and  naphthalene,  benzyl-naphthyl  ketone  was  obtained. 
This  reduced  by  HI  and  P,  and  the  product  passed  through  an 
ignited  tube  gave  a  hydrocarbon  identical  with  chrysene,  having 


B  gave  a  hyd 


the  formula  1 "    *     U    .—Ber.  JBerL  Chem.  Oes.^  xii,  1078,  June, 

1879.  G.  F.  B. 

8.  Modern  Chromatics^  with  applications  to  Art  and  Indus- 
try; by  Ogden  N.  Rood,  Professor  of  Physics  in  Columbia 
College.  329  pp.  8vo.  New  York,  1879.  (International  Scientific 
Series — D.  Appleton  &  Co.) — ^The  very  difficult  task  of  presenting 
the  principles  of  Optics  so  as  to  make  them  thoroughly  mtelliffible 
to  the  reader  has  been  admirably  accomplished  by  Professor  Kood 
in  his  work  on  Modem  Chromatics.  The  work  contains  a  dis- 
cussion  of  the  different  ways  by  which  colors  are  produced ;  the 
theory  of  color  (that  of  Young);  mixture  of  colors;  comple- 
mentary colors ;  and  an  account  of  the  many  effiscts  produced  by 
the  combination  and  contrast  of  different  colors.  A  closing  chap- 
ter is  devoted  to  the  use  of  color  in  painting  and  decoration ;  it 
contains — what  is  indjeed  true  of  the  whole  work — much  that  will 


Digitized  by 


Google 


144  Scientific  InteUigetice. 

be  of  high  value  to  the  artist,  from  one  who  has  himself  the  great 
advantaee  of  a  practical  knowledge  of  both  drawing  and  painting. 
The  book  is  largely  made  up  of  the  results  of  the  author's  own 
investigations,  which  give  it  a  character  of  its  own ;  and  it  con- 
tains a  large  number  of  original  illustrations. 

9.  Color-blindness:  its  dangers  and  its  detection;  by  B.  Joy 
Jeffries,  A.M.,  M.D.  812  pp.  8vo.  Boston,  1879.  (Houghton, 
Osgood  <fc  Co.). — The  subject  of  Color-blindness  is  one  of  not 
only  very  general  interest,  but  of  a  high  degree  of  practical 
importance,  ^nce  many  accidents  on  land  and  sea  have  resulted 
from  misreading  signals  consequent  on  the  imperfect  vision  of 
employes.  The  important  work  of  Professor  Holmgren  pub- 
lished at  Upsala,  Sweden,  in  1877,  and  soon  afterward  translated 
into  French,  first  thoroughly  developed  this  subject  and  made 
known  its  great  importance.  Dr.  Jeffries  has  extended  his  investi- 
gations among  the  students  of  the  various  institutions  of  learning 
near  Boston  and  Cambridge,  embracing  some  18,000  examina- 
tions, and  the  results  are  contained  in  this  volume.  It  contains 
also  a  discussion  of  the  whole  subject,  with  particular  instructions 
in  regard  to  the  use  of  Holmgren's  method  of  testing  for  color- 
blindness. In  his  general  conclusions.  Dr.  Jeffries  states  that : — 
one  male  in  twenty-five  is  color-blind  in  a  greater  or  less  degree, 
though  he  may  be  himself  unconscious  of  the  defect ;  moreover, 
though  sometmies  caused  temporarily  or  permanently  by  disease 
or  injury,  it  is  largely  hereditary,  and  in  that  case  is  incurable. 
He  also  recommends  that  rigid  and  uniform  proof  of  soundness 
of  vision  should  be  required  of  every  employe  in  the  railway  or 
marine  service, 

10.  JPriction  and  IJubriccUion  :  determinations  o/ the  laws  and 
coefficients  of  friction  by  new  methods  and  with  new  apparatus; 
by  R  H.  Thurston,  A.M.,  C.E.  212  pp.  8vo.  New  York,  1879. 
— This  work  treats  of  the  kinds  of  friction,  and  the  different  ways 
in  which  i^  arises  in  the  use  of  machinery ;  also  of  the  kinds  of 
lubricants,  and  the  methods  of  determining  their  value,  with  a 
full  discussion  of  their  composition.  It  also  contains  descriptions 
of  new  methods  and  apparatus,  devised  by  the  author,  for  the 
determination  of  the  laws  and  coefficients  of  friction.  The  work 
will  be  of  much  value  to  the  mechanical  engineer. 

11.  Neuere  Apparate  filr  Na,twrwissenschafUiche  Schvle  und 
ForschunQy  gesammelt  von  M.  Th.  Edblmann.  L  Lieferung,  96 
pp.  8vo.  Stuttgart,  1879  (Meyer  &  Zeller's  Verlag). — This  work 
18  to  be  complete  in  three  parts, 'of  which  the  first  is  now  issued. 
It  contains  descriptions  of  the  newest  and  most  complete  appa- 
ratus, designed  either  for  instruction  in  the  lecture  room,  or  for 
actual  scientific  investigations.  The  scope  of  the  work  is  a  wide 
one,  and  it  will  be  found  useful  by  physicists,  chemists,  physiolo- 
gists, astronomers,  and  those  working  in  many  other  branches  of 
science.  The  descriptions  are  full  and  precise,  and  in  many  cases 
are  accompanied  by  full-page  illustrations  which  much  increase 
the  value  of  the  work. 
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11.  Geology  and  Mineealogy. 

1.  The  Auriferous  QraveHa  of  the  Sierra  Nevada  of  CaLifomia; 
by  J.  D.  Whitney.  Vol  vi,  No.  1  (let  Part)  of  the  Memoirs  of 
the  Museum  of  Comparative  Zoology  at  Harvard  College.  288 
pp.  4to,  with  colored  maps  and  plates.  Cambridge,  1879. — This 
volume  belongs  strictly  to  the  series  of  Reports  of  the  Geological 
Survey  of  Caufomia,  of  which  Professor  Whitney  was  Director ; 
— and  the  value  and  variety  of  its  facts  and  discussions  g^ve  reason 
for  continued  regret  that  the  Survey  came  so  abruptly  to  its  end 
through  the  failure  of  the  State  to  sustain  it.  Professor  Whitney 
has  continued  since  to  some  extent  his  investigations ;  and  happily 
he  has  found  in  the  Museum  of  Comparative  Zoology  at  Harvard 
the  aid  required  for  the  publication  of  this  new  volume ;  and  aid 
most  liberally  given,  for  the  volume  is  brought  out  in  the  best 
style,  with  several  heliographic  plates,  and  a  number  of  colored 
maps,  one  of  them  a  large  sneet  folded. 

The  First  Part  presents  first  a  sketch  of  the  topography  and 
general  Geology  of  the  region  of  California,  as  a  basis  for  the 
discussion  of  the  main  topic  of  the  work — the  Auriferous  Gravels, 
this  being  necessary  because  these  were  made  out  of  the  earlier 
rocks,  and  owe  their  distribution  and  wonderfdl  extent  to  the 
features  of  the  surface.  The  sketch  is  brief,  yet  clear  and  full,  and, 
considering  the  many  peculiarities  in  the  mountains  and  strata 
of  the  country,  and  the  masterly  manner  in  which  the  facts  are 
set  forth,  these  pages  have  no  less  interest  to  the  geologist  than 
•those  which  follow.  Only  the  more  prominent  peculiarities  of 
the  Sierra  Nevada  are  here  cited. 

(1)  Its  singleness  of  mass,  unlike  the  Coast  Range  and  Appala- 
chians, which  consist  of  manj  prominent  ridges. 

(2)  Its  defined  limits — a  single  broad  valle^r,  narrowing  north- 
ward, that  of  the  Sacramento  and  San  Joaqmn  Rivers,  bounding 
it  on  the  west ;  but  blending  with  the  Coast  Range  on  the  north 
in  the  vicinity  of  Mount  Shasta,  and  bending  westward  into  them 
south  of  the  parallel  of  36°  80'. 

(3)  Its  steep  slopes,  generally  100  to  260  feet  to  the  mile  on  the 
western  side,  and  1,000  feet  a  mile  for  much  of  the  eastern  side. 

(4)  Its  profound  gorges,  like  gashes  in  the  steep  sides,  in  which 
the  streams  flow  violently  in  seasons  of  great  rains,  though  quiet 
enough  in  the  much  longer  seasons  of  drought. 

^6)  Its  great  height,  numerous  peaks  exceeding  14,000  feet  in 
altitude  al^ve  the  sea-level,  but  none  quite  reaching  16,000  feet : 
the  greatest  height  being  between  the  parallels  of  36®  and  37**  30'. 

(ol  Its  granitic  axis,  widening  southward^  granite  making 
nearly  the  whole  of  its  mass  north  of  the  Tahichipi  Pass  almost 
to  Mariposa  County,  but  north  of  this  narrowing,  and  the  schists 
(clay-slate,  mica  schist,  chloritic  and  diabase  schists,  with  some 
serpentine  and  limestone,  mostly  of  Triassic  and  Jurassic  age,  and 
notning  older  than  Carboniferous),  constituting  much  of  the  range 
Am.  Joub.  Soi.— Thibd  Sbbiss,  Vol.  XVIIL— No.  104,  August,  1879. 
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on  the  west  side ;  while  north  of  American  River  they  constitute 
nearly  the  whole  width,  only  occasional  areas  of  granite  occurring 
along  the  crest  and  on  the  eastern  slope ;  and  little  of  the  granite 
gneissoid. 

(7)  Its  outflow  of  igneous  rocks,  which  spread  over  the  gravel 
deposits  of  much  of  the  western  slope  in  the  several  counties  from 
Mariposa  to  Plumas,  increase  in  extent  in  Butte  and  Plumas 
Counties,  and  cover  nearly  the  whole  of  the  surface  north  of 
Plumas  from  Lassen's  Pes^,  a  volcanic  cone  10,500  feet  high, 
on  the  northern  boundary  of  this  county,  the  Sierra  being  pro- 
longed thence  in  a  series  of  volcanic  cones  which  culminates  in 
Mount  Shasta. 

The  Auriferous  gravels  exist  over  most  of  the  western  slope 
and  are  worked  from  Mariposa  County  into  Plumas,  or  northward 
to  the  limit  where  the  volcanic  covering  becomes  general,  and 
southward  to  that  where  granite  is  the  chief  rook.  JH  Dorado, 
Placer  and  Nevada  are  the  great  mining  counties.  In  the  granitic 
regions  of  the  Sierra  the  gravels  are  local  in  character,  and,  with 
small  exceptions,  not  worked. 

The  schists,  with  their  quartz  veins,  are  the  source  of  the  gravel 
and  its  gold.  Professor  Whitney  attributes  the  deposits  to  the 
action  of  the  rivers  of  the  later  Tertiary  and  earlier  time.  He 
says,  they  ^'  belong  to  a  system  of  ancient  rivers  in  the  former 
beds  of  which  detrital  matter  has  been  deposited,  and  which 
have  since  become  in  part  obliterated  by  accumulations  of  lava, 
and  extensively  worn  away  by  erosion."  At  present,  the  rivers 
and  gorges  are  cut  to  a  depth  of  many  hundreds  of  feet  below 
the  surface  either  side.  Starting  from  the  foot-hUls,  the  level  of . 
the  surface  between  the  streams  rises  much  faster  than  the  beds 
of  the  streams,  so  that  when  up  3,000  to  4,000  feet,  the  cuts  are 
in  man^  cases  1,000  to  2,000  feet  deep.  Further,  there  is  a 
great  diflerence  between  the  level  of  the  present  beds  and  those 
of  the  era  in  which  the  gravels  were  deposited ;  this  difference 
being  1,800  feet  in  the  Middle  Fork  of  American  River  at  Michigan 
Bluff,  1,800  feet  at  Iowa  Hill,  on  the  divide  south  of  the  North 
Fork  of  the  American.  These  cafions  increase  in  depth  to  the 
north  of  the  South  Tuba:  the  difference  of  level  between  the 
Middle  Fork  of  Feather  River  at  Nelson's  Point  and  the  summit 
of  the  lava-bed  of  Pilot  Peak  which  overlies  the  gravel  being 
fully  3,650  feet ;  between  the  top  of  Mount  Clermont,  which  is 
topped  with  gravel,  and  the  valle]^  at  its  base,  3,^60  feet ;  between 
the  top  of  Spanish  Peak,  which  is  capped  with  lava  and  gravel, 
and  the  vallev  of  American  River,  8,800  feet. 

"  An  excellent  idea  of  the  topography  of  the  hydraulic  mining 
region  is  got  by  the  traveler  passing  over  the  line  of  the  Centnu 
Pacific  Railroad,  in  descending  the  slope  of  the  Sierra.  After 
passing  Blue  Cafion,  the  slates  begin  to  be  met  with,  and  all 
alon^  below  this,  especially  in  the  neighborhood  of  Dutch  Flat, 
and  oeyond  that  for  several  miles,  the  road  passes  through  a 
region  of  hydraulic  mines,  keeping  on  what  seems  to  be  a  broad 
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plateau,  which  has  an  elevation  of  a  little  over  8,000  feet  above 
the  sea-level.  Suddenly,  just  before  reaching  Colfax,  a  sharp 
bend  in  the  line,  at  a  place  called  Cape  Horn,  brings  the  road  bed 
just  on  to  the  edge  of  the  cafion  of  the  North  Fork  of  the  Ameri- 
can, down  into  and  along  which  there  is  an  unobstructed  view  for 
ei^ht  or  ten  miles,  the  bottom  of  the  cafion  being  about  1,600  feet 
below  the  level  of  the  road.  The  effect  of  the  scene  presented  to 
the  eye  from  this  point  is  extremely  striking,  because  the  spec- 
tator nas  not  been  prepared,  bv  anything  which  he  has  previously 
seen,  to  expect  to  find  the  flanks  of  the  Sierra  so  deeply  cut  into 
by  the  streams,  which  seem  of  insignificant  size  as  compared  with 
the  immense  troughs  at  the  bottom  of  which  they  txOl" 

The  course  of  the  old  channels  are  but  partially  made  out. 
They  are  the  objects  of  search  by  the  miner,  since  the  richer 
auriferous  gravels  lie  along  them,  directly  upon  the  bed  rock. 
But  although  often  of  great  depth  and  distinctness,  they  are  only 
partially  uncovered  in  the  mining  operations,  and  the  facts  are 
not  examined  and  recorded  when  open  to  view,  so  that  "  we  can 
never  expect  to  know  exactly  what  were  the  relations  of  the  various 
parts  of  the  old  river  system  to  one  another.''  The  lava-floods  and 
beds  of  volcanic  ashes  and  other  material  over  the  gravels  prevent 
even  the  miner  from  exploring  a  large  part  of  the  old  surface,  though 
hydraulic  mining  and  tunnelling  have  been  pushed  with  great 
energy  where  it  would  pay.  The  volume  gives  a  detailed  account 
of  observations  on  the  gravel  deposits  and  the  bed-rock  made  for 
the  Survey  (on  appointment  of  Professor  Whitney)  by  Mr.  W.  A. 
Goodyear  and  Professor  W.  H.  Pettee,  which  are  illustrated  by 
colored  maps  of  the  areas  of  lava  and  gravel. 

Because  of  its  special  interest  we  copy  here  one  of  the  sections 
of  the  Sonora,  or  Tuolumne  County,  Table  Mountain,  from  Plate 


F.  It  represents  (on  a  scale  of  300  feet  to  the  inch)  the  cap  or 
table-top  of  basalt  (ft)  over  200  feet  thick,  overlying  sand-beds  and 
shaly  material  (c),  with  an  auriferous  gravel  deposit  (g)  at  the 
lowest  part,  and  these  resting  on  the  nearly  vertical  metaraorphic 
schists  (d).  The  surface  of  the  schists  rises  to  the  left,  making 
there  the  "rim"  of  the  old  channel;  and  a  tunnel  {t)  is  represented 
passins^  through  this  rim  to  the  ffold-bearing  gravels,  a  common 
method  of  pearch,  though  attended  with  large  expense  and  not 
always  successful. 
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A  notice  of  the  fossils  of  the  gravels,  including  its  Human 
relics,  is  deferred  to  another  number. 

2.  Richthofen^s  Theory  of  the  LoeseAn  the  light  of  the  DepoeUe 
of  the  Missouri;  by  J.  E.  Todd,  of  Tabor,  Iowa. — ^This  memoir, 
read  before  the  last  meeting  of  the  American  Association,  is  a 
strong  argument,  well-sustained  by  facts  drawn  mainly  from  the 
region  of  the  Missouri  River,  against  the  wind-drift  theory  of 
the  loBsa  The  writer  observes  that  although  the  moUusks  are 
mainly  terrestrial,  ^'  some  semi-aquatic  species,  as  Succineas  and 
Helicinas  are  abundant  from  top  to  bottom  [in  the  loess  of  the 
Missouri],  and  the  decidedly  aquatic  Idmnea  humilis  is  quite 
i^bundant  in  the  Upper  loess  of  Western  Iowa."  Further,  "  the 
small  size  of  the  Limneas  and  absence  of  Physas  in  the  latitude 
of  Iowa,  may  be  considered  as  indicating  that  the  waters  were 
cold,  while  the  occurrence  of  numerous  land-shells  of  species  still 
inhabiting  the  region,  indicates  that  the  lands  were  more  moist 
with  their  temperature  not  differing  ereatly  from  the  present." 
Root-marks  occur  in  much  of  the  loess  but  are  mostl]^  confined  to 
its  upper  portion,  being  rare  at  a  depth  exceeding  thirty  or  forty 
feet. 

3.  Tertiary  in  Massachusetts  Bay. — Many  fossiliferous  bowl- 
ders have  been  found  bv  Mr.  Warkbn  Upham,  as  reported  by 
Mr.  W.  O.  Cbosby  in  the  Proceedings  of  the  Boston  Natural 
History  Society  for  February  last,  at  different  points  in  the 
Drift  of  Truro  on  Cape  Cod.  They  include  Venericardia  planu 
costa^  a  Lower  Eocene  species  of  Virginia,  and  two  others  of  the 
same  genus,  one  pobably  P.  parva^  described  by  Lea,  from  Ala- 
bama, three  species  of  Ostrea,  one  apparently  O.  divaricata 
Lea,  of  the  Alabama  Middle  Eocene,  an  Anomia  which  is  proba- 
bly A,  teUinoides  Morton,  a  Plicatula  near  P.  fllamentosa  Conrad, 
of  the  Alabama  Eocene,  besides  several  other  species  of  shells, 
and  remains  of  Echinoderms  and  a  Oalaxea-liKe  coraL  Mr. 
Crosby  concludes  that  the  Tertiary  formation,  which  was  the 
source  of  these  fossils,  now  forms  the  floor  of  Msssachusetts  Bay 
somewhere  to  the  northward  of  Cape  Cod.  These  facts  derive 
additional  interest  from  a  comparison  with  those  announced  by 
Professor  Verrill,  in  the  number  of  this  Journal  for  October  last, 
with  regard  to  submarine  Tertiary  along  George's  Bank  and 
Qrand  Bank.    The  species  found  are  wholly  different. 

4.  Heport  of  Progress  in  the  Juniata  District  on  the  Fossil 
Iron  Ore-beds  of  Middle  Pennsylvania^  by  John  H.  Dewses  ; 
with  a  Report  on  the  Aughwick  Valley  and  East  Broad  Top  Dis- 
trict^ by  C.  A.  AsHBUENBu.  Second  Pennsylvania  Geological 
Survey.  Harrisburg,  1878. — This  Report  is  noticed  by  title  only 
on  page  262  of  the  last  volume  of  this  JoumaL  It  opens  with  a 
Preface  by  Rx)£  Lesley,  Director  of  the  Survey,  giving  a  general 
sketch  of  the  formations  in  which  iron-bearing  beds  occur,  the 
most  important  of  which  are  those  of  the  Clinton  group,  and  the 
Marcellus.  Mr.  Dewees  presents  the  facts  with  fuU  details  of  the 
stratification.    Excellent  sections  of  the  folded  rocks  are  g^ven 


Digitized  by 


Google 


Geology  and  Mineralogy,  149 

which  are  by  Mr.  Ashbnmer,  and  are  continued  in  his  portion  of 
the  Yolni&e ;  and  these  are  supplemented  by  large  and  fine  col- 
ored sections  and  maps  in  a  portfolio.  This  geologist,  moreover, 
describes  the  Silarian  and  Devonian  rocks  n*om  the  Trenton  to 
the  Hamilton  in  the  valley  of  the  Jnniata,  from  Lewistown  in 
Mifflin  County  to  Mount  Union  in  Huntingdon  County ;  and  the 
account  has  special  interest  since  it  illustrates  the  typical  struc- 
ture of  Central  Pennsylvania.  A  carefully  measured  section  from 
the  bottom  of  the  Trenton  to  the  top  of  the  Mahoning  Sandstone, 
or  top  of  the  Lower  Productive  Coal  measures,  shows  a  thickness 
of  18,397  feet — ^and  in  this  long  section,  68*9  feet  is  the  average 
thickness  for  the  267  separate  strata  included.  A  catalogue  of 
specimens,  and  another  of  heights  above  the  sea-level  are  given, 
in  an  Appendix  to  the  Report.  The  former  is  on  a  plan  worthy 
of  imitation.  Mr.  Ashbumer  places  on  the  labels  of  his  speci- 
mens fbesides  the  geographical  position)  the  number  of  the  stra- 
tum, tne  distance  in  feet  from  the  lower  limit  of  the  same,  and 
also  the  din  of  the  beds ;  so  that  any  future  investigator  will  be 
able  to  talke  up  any  part  of  the  work  for  revision  or  for  further 
study. 

6.  On  the  Geology  of  Gibraltar. — The  following  facts  are 
from  a  paper  bv  Professor  A.  C.  Rahsat  and  Jambs  Obikib,  in 
the  Quarterly  Journal  of  the  Geological  Society  for  August,  1878. 
— More  than  three-fourths  of  the  promontory  of  Gibraltar  consists 
of  a  grayish  white  bedded  limestone,  containing  occasional 
casts  of  RhynchonellsB  and  encrinal  stems,  the  former  closely  like 
JR,  conctnnaj  a  species  abundant  in  the  Cornbrash  and  Coral  Rag. 
The  limestone  is  overlaid  by  shales  of  various  shades  of  color, 
with  some  thin  calcareous  beds,  which  have  afforded  no  fossils. 
The  dip  of  the  rocks  is  in  general  over  40°,  and  in  some  parts  75** 
and  higher.  Upon  these  beds  there  are  superficial  deposits  The 
oldest  IS  a  limestone  breccia,  covering  a  large  area  in  the  district 
of  Buena  Vista  and  Rosia,  and  in  the  vicinity  of  the  South 
Barracks ;  it  is  unfossiliferous.  The  authors  attribute  the  origin 
of  the  limestone  fragments  of  which  the  breccia  consists  to  the 
frosts  or  cold  of  the  Glacial  era.  The  mean  temperature  of  the 
coldest  month  (February)  is  now  54*2°,  and  the  lowest  point 
reached  in  the  six  years  from  1863  to  1869  was  32*7<>;  and  no 
debris  is  now  forming  from  such  a  cause  or  any  other.  Besides 
these  surface  breccias  or  conglomerates  there  are  also  bone-breccias 
in  caves  and  fissures.  The  famous  bone-breccia  at  Rosia  Bay 
occupies  a  vertical  fissure  of  erosion  in  the  above-described  sur- 
face breccia,  while  the  Genista  breccia  occurs  in  a  true  cave. 

The  promontory  bears  evidence  of  different  sea-levels  in  terraces 
or  platforms  cut  in  the  solid  rock,  surmounted  sometimes  bv  cal- 
careous sandstones.  The  Europa  Flats  is  one  of  these  sea-levels 
on  the  southern  portion  of  the  promontory ;  it  extends  from  west 
to  east  for  1660  feet,  and  it  averages  116  feet  above  the  sea-level, 
though  sloping  up  from  90  feet  to  160  feet.  It  appears  also  at 
other  points.    The  calcareous  conglomerate  over  it  contains  some 
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remains  of  Mediterranean  species  and  is  evidently  of  marine  shore 
origin.  Another  such  terrace  has  a  height  not  less  than  250  feet ; 
a  third,  about  880  yards  in  length  and  oyer  830  broad,  is  370 
feet  above  the  sea.  In  the  front  of  the  same  cliffe  at  a  height  of 
170  feet  an  oyster-bed  was  formerly  visible. 

Among  the  species  of  Mammals  identified  by  Messrs.  Busk  and 
Falconer  from  the  Grenista  cave,  there  are  Rhinoceros  hemitcschus, 
Horse^  Boar^  Cervus  elaphaSy  G.  damcL^  Ibex^  Bear^  Wolf^  Hyo&ia 
crocuta^  Lion^  FantJier^  Lynx^  etc.,  and  these  authors  concluded 
that,  at  the  time  these  animals  were  living,  Europe  and  Africa 
were  at  some  point  united  across  the  Mediterranean.  With  this 
in  view,  the  succession  of  Quaternary  events  in  Gibraltar  is 
given  as  follows: 

(1.)  OrecU  unfoBsUiferous  limestone^gglomerate  of  Buena 
Vista^  etc. — Lana  of  greater  extent  than  now;  winters  very 
cold  ;  Gibraltar  apparently  not  tenanted  by  the  Quaternary 
Mammalia. 

(2.)  Caves  and  fissures  noUh  bone-breccia. — Land  of  greater 
extent  than  now ;  Europe  and  Africa  united ;  climate  genial ; 
immigration  of  the  African  Mammalia. 

(3.)  Platforms  or  terraces  of  marine  erosion  {in  part),  cal- 
careous sands,  etc. — Depression  of  the  land  to  the  extent  of  700 
feet  below  present  level;  movement  interrupted  by  pauses  of 
longer  or  shorter  duration ;  climate  apparently  much  the  same 
as  now. 

(4.)  Platforms  of  marine  erosion  {in  part) ;  Alameda  Sands; 
formation  of  sanMlopes  on  east  coast ,  as  at  Monkey* s  Cave; 
mammalian  remains  under  beach  or  later  limestone-agglomerate 
{perhaps  cave-deposits  in  part). — Redlevation ;  land  of  greater 
extent  than  now  (Africa  and  Europe  perhaps  reunited) ;  climate 
probably  genial. 

(5.)  JLater  limestone-agglomerates  resthig  upon  and  obscuring 
erosion-terraces  and  sand-slopes,  etc.  —  Geographical  conditions 
probably  same  as  during  part  of  4 ;  winter  considerably  more 
severe  than  now. 

(6.)  The  present. — Characterized  by  the  absence  of  the  action 
of  frost. 

On  the  conclusion  of  the  reading  of  the  paper,  the  statement 
was  made  by  Admiral  Spratt,  that  to  the  westward  of  Farifa 
Point  a  submarine  ridge  exists  which  nowhere  exceeds  130 
fathoms  in  depth ;  so  that  an  upheaval  of  about  800  ieet  would 
connect  the  two  continents  by  dry  land. 

6.  iLtudes  Synthitiques  de  Giologie  Expirimental,  par  A, 
Daubb&b,  Membre  de  L'Institut,  Inspecteur  G6n6ral  des  Mines, 
etc.  Premiere  Partie,  Application  de  la  Mithode  £k&pbr%mentale 
a  Vitude  de  divers  Fhenomhnes  G&ologigues.  478  pp.  8vo. 
Paris,  1879.  (Dunod). — The  admirable  researches  in  Experimental 
GkK)logy  of  Professor  Daubr^e  have  in  part  been  briefly  announced 
in  former  volumes  of  this  JoumaL  The  work  just  issued  under 
the  above  title  contains  these  results  in  full,  and,  in  addition,  those 
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of  more  recent  researches.  After  a  historical  introduction,  the 
author  gives  an  account  of  his  observations  illustrating  the  history 
of  metalliferous  deposits,  and  especially  those  of  tin,  lead  and 
platinum,  bringing  in  a  wide  range  of  facts  relating  to  such 
deposits,  and  among  them  prominently  his  remarkable  discoveries 
of  a  large  number  of  ores  of  modem  formation  made  out  of  a  lot 
of  Roman  coins  at  the  Warm  Springs  of  Bourbonne-les-Bains,  and 
also  of  similar  formations  at  some  other  localities;  and,  after 
stating  the  facts,  the  chemistry  of  the  phenomena  and  the  geo- 
logical inferences  from  the  facts  are  learnedly  presented. 

l^rofessor  Daubr6e's  next  subject  is  Experimental  illustrations  of 
the  origin  of  metamorphic  and  eruptive  rocks.  Under  this  head 
numerous  observations  are  reviewed,  and  in  addition  the  results 
of  his  own  experiments,  with  regard  to  the  formation  of  silicates  by 
means  of  superheated  water :  such  as  the  transformation  of  ^lass 
into  a  hydrated  silica  and  crystallized  quartz,  the  glass  sometimes 
containing  minute  well-formed  crystals  of  pyroxene  (figures  of 
which  crystals  as  well  as  of  those  of  quartz  are  given) ;  and  the  for- 
mation of  zeolites  (chabazite,  apophyllite,  etc.^  at  Plombi^res,  and 
at  other  warm  baths  inside  of  bricks,  along  with  opal,  chalcedony, 
tridymite,  aragonite,  and  other  species.  Volcanic  phenomena  are 
next  illustrated  by  experiments,  and  with  this  chapter  the  first 
section  of  the  volume  closes.  The  second  section  is  occupied 
with  mechanical  problems:  (1)  the  making  of  sand-beds  and 
clay-beds,  showing  for  example,  the  effects  of  the  trituration  of 
feldspar  in  water  (some  loss  of  alkali  taking  place  in  pure  water 
and  "  incomparably  less"  with  salt  water),  m  carbonated  waters, 
etc. ;  (2)  the  scratching  and  polishing  of  rocks,  their  flexures, 
fractures,  faults,  jointed  structure,  slaty  cleavage  and  schistosity, 
and  the  distortions  of  fossils  and  pebbles ;  and  (8)  the  production 
of  heat  in  rocks  by  mechanical  methods.  All  the  modes  of  experi- 
menting are  described  in  detail,  and  illustrated  by  figures ;  many 
of  the  results  obtained  in  his  mechanical  processes  are  also  figured, 
and  their  bearings  on  geological  problems  are  fully  and  ably  dis- 
cussed. The  work  is  thus  in  every  part  a  rich  contribution  to  the 
science  of  geology ;  moreover  it  is  made  highly  attractive  by  its 
style  of  publication  and  the  beauty  of  its  illustrations. 

7.  Rocks  under  London, — In  the  Artesian  boring  in  the  Tot- 
tenham Court  Road,  according  to  a  paper  by  Professor  Prestwich 
(Quart  J.  GeoL  Soc.,  Nov.,  1878),  it  was  found  that  the  Chalk 
had  a  total  thickness  of  652^^  feet,  the  Upper  Greensand  28  feet, 
the  Gault  160  feet.  Below  this  was  a  bed  three  to  four  feet  thick 
of  phosphatic  nodules  and  quartz  pebbles ;  and  then  a  calcareous 
stratum,  more  or  less  sandy,  and  part  of  it  oolitic,  sixty-four  feet 
thick,  which  was  shown  by  its  fossils  to  represent  the  Lower 
Greensand.  Underneath,  at  a  depth  of  1064  feet,  the  bore-hole 
entered  mottled  red,  purple  and  greenish  shales,  t(»  some  extent 
calcareous,  having  a  dip  of  86®,  and  these  continued  for  eighty- 
five  feet;  they  afforded  the  fossils  i^rifer  diefuncta^  Mhyn- 
chonella   cuboideSj    and    other    Devonian    species.      The  rocks 
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resemble  those  of  Pernes,  near  Bethune,  where  the  chalk  rests  on 
the  upturned  Devonian.  Professor  Prestwich  attributes  the 
calcareous  character  of  the  Lower  Greensand  to  the  Paleoaoic 
limestones  on  which  it  rests. 

8.  Fossils  of  the  Utica  Slate  and  Metamorphoses  of  Triartkms 
BecJciy  by  C  D.  Walcott.  Trans.  Albany  Institute,  June,  1879. 
— Mr.  Walcott,  after  remarks  on  the  Hudson  River  Group, 
desci-ibes,  from  the  Utica  Slate,  three  new  species  of  Fucoids,  five 
of  Graptolites,  Mbdiolopsis  cancellcUa  and  Orthoceras  Oneidaense; 
and  then  gives,  with  much  detail,  an  account  of  the  synonymy 
and  metamorphoses  of  IHarthrus  Becki  which  is  illustrated  by 
sixteen  figures.  The  smallest  individual  of  the  species  described 
and  figured  has  only  one'  thoracic  segment  and  a  length  of  but 
1*125  mm.,  and  the  largest  a  length  of  53  mm.  In  the  former  the 
pygidium  is  very  nearly  as  lone  as  the  head  segment,  and  in  the 
latter  it  is  one-third  as  lon^.  The  memoir  closes  with  a  table  of 
Utica  slate  fossils  showing  their  stratigraphical  range. 

9.  New  Calciferous  fossUs  from  Saratoga  ComUy^  New  York. 
— Mr.  C.  D.  Walcott  has  described  as  new  the  following  species : 
Platyceras  minutissimum^  Metoptoma  comutiforme;  Vonoc^k- 
alites  calctferus^  C.  Hartii^  Ptychaspis  speciostts,  Bathwrus 
armattM  of  Billings  ^from  the  Quebec  eroup),  or  a  form  closely 
related,  also  occurs  m  the  beds. — S2na  Ann.  Jiep.  N.  Y.  Mus. 
Nat.  Hist. 

10.  Fossil  wood  related  to  Cypress  from  Calistoga.C€difomia. 
— U.  Conwentz,  of  Breslau,  has  published  in  the  Jahrbuch  fOr 
Mineralogie,  etc.,  for  1878,  a  description,  with  microscopic  sections,  . 
of  a  fossil  wood  from  Calistoga,  which  he  has  named  Cupressi- 
noxylon  taxodioides. 

11.  JEhrdbehen-Studien  von  R  Hcbrnbs. — After  a  general  discus- 
sion of  earthquake  phenomena,  HcBmes  describes  in  detail  the 
earthquake  of  Belluno,  of  June  29,  1873^  that  of  Elana  (near  Tri- 
este^ of  March,  1870,  and  also  that  of  Villach  in  1848.  The  con- 
clusions which  are  finally  reached  are  stated  as  follows :  (1)  Sha- 
kings of  the  earth  are  produced  by  various  causes :  sometimes, 
though  rarely,  by  the  tumbling  in  of  subterranean  caves ;  also, 
though  only  locally,  by  volcanic  force ;  but  the  true  earthquakes, 
those  of  most  frequent  occurrence  and  greatest  extent,  are  a  direct 
consequence  of  mountain  formation.  ^2)  On  the  inner  side  of  a 
great  mountain  chain,  earthquakes  take  place  along  peripheral 
Bnes  of  fracture  which  are  shown  by  the  progression  of  the  points 
of  shock.  These  disturbances  seem  to  be  produced  by  the  sink- 
ing of  the  inner  zones  to  true  fault-fractures.  (3)  Besides  the 
peripheral  zones  of  shaking,  there  exist  on  the  inner  edge  of  the 
chain,  radial  lines,  coinciding  with  cross-fractures  on  which  severe 
earthquakes  often  occur.  These  radial  lines  very  probably  are  to 
be  regarded  in  part  as  the  boundaries  of  masses  occasionallv  in- 
volved in  sinking,  and  in  part  also  as  the  line  of  separation  of  two 
regions  undergoing  a  horizontal  movement.  (4)  Between  the 
peripheral  and  radial  lines  no  sharp  limit  can  be  drawn,  since  the 
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boundary  of  a  region  of  depression  is  very  irregular ;  moreover 
the  continuation  of  the  cross-fracture  not  unfrequent]y  coincides 
with  the  longitudinal  fractures,  and  vice  versa,  ib)  The  connec- 
tion of  the  seismical  lines  of  different  dynamical  value  is  most 
readily  explained  by  the  assumption  that  a  portion  of  the  earth's 
crust  gives  its  motion  to  another,  and  this  makes  itself  felt  by  the 
shakings  fdong  the  course  of  a  fracture. — Jahrb,  k.  k.  geol.  Meich- 
sanstaU^  zzviii,  p.  887,  1878.  b.  s.  d. 

12.  Examination  of  the  North  Carolina  Uranium  minerals; 
by  P.  A.  Gbnth  (American  Chemical  Journal,  vol.  i,  p.  87). — 
The  uranium  minerals  of  North  Carolina  were  first  described  by 
Professor  W.  C.  Kerr  (this  Journal,  III,  xiv,  496,  Dec,  1877).  As 
stated  by  him,  they  occur  as  irregular  nodules  and  rounded 
masses  in  the  mica-Dearing  portion  of  a  large  granite  vein ;  the 
locality  is  called  the  Plat  Kock  mine.  Dr.  Genth  has  subjected 
the  minerals  to  a  thorough  chemical  examination,  and  in  the  main 
confirmed  the  determination  of  the  species  made  by  Professor 
Eerr.  The  masses  contain,  in  many  cases,  a  nucleus  of  uraninite ; 
surrounding  this  is  an  orange-colored  mineral,  gummite;  and 
interpenetrating  it  and  forming  a  crust  over  it,  a  light  yellow 
mineral,  identified  by  Dr.  Genth  as  uranotil.  The  uraninite 
occurred  in  too  small  a  quantity  to  allow  of  its  being  analyzed. 
The  gummite  has  a  compact,  amorphous  structure ;  reddish-yellow 
to  deep  orange-red  color ;  and  subconchoidal  to  uneven  fracture ; 
with  hardness  =  3;  and  specific  gravity  =  4 '840.  The  mean  of 
three  analyses  gave : — 

UO,    AlO,    PbO    BaO&O    OaO    810,    PjO*    H.O 

75-20     0-63     6-67        I'OS  2*05    4-63     012     10-64=99-72. 

Dr.  Genth  regards  the  gummite  as  a  mechanical  mixture  of: — 

Uranium  hydrate  =  H^0,)0,  +  H,0  =  4010  p.  c. 
UranotU  =  Ca,(U0,)eSi60,i  +  18H,0  =  33*38  p.  c. 
Lead  uranate  =  Pb(UO,),0,  +  6H9O  =  22-66  p.  c. 
Barium uranate    =  Ba(UO,)aO,  +  6H,0  =   426  p.  c 

100-40. 
The  pale  yellow  coating  surrounding  the  gummite  has  been 
identified  by  Dr.  Genth  as  uranotil^  a  mineral  originally  described 
by  Borickjr  from  WSlsendorf,  Bavaria.  As  occurring  in  North 
Carolina  it  is  amorphous,  compact ;  hardness  =  2*5 ;  specific 
gravity  8*834;  color  pale  straw-yellow  to  lemon-yellow;  luster 
waxy  to  dull    The  mean  of  two  analyses  gave : — 

SiO,    A10,(F10,)    UO,    PbO    BaO    SrO    CaO    P.O.    H,0 

13-76  tr,  66-67    0*60    0-28    013    6-67     029     12-02=99-43 

Por  this  the  formula  Ca^(UOJ.Si,0  4-18H,0  is  suggested,  which 
requires:  SiO,  18-95,  UO,  66-98,  CaO  6-61,  H,0  12-56  =  10000. 
In  addition  to  the  above,  autunite  has  been  found  at  the 
locality  and,  associated  closely  with  it,  a  new  species  called  by 
the  ^t%cnher  phosphuranylite.  It  occurs  as  a  pulverulent  incrus- 
tation on  quartz,  feldspar  and  mica.  Under  the  microscope  very 
minute  rectangular  scales  with  pearly  luster  were  distingmshed. 
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Color  deep  lemon-yellow.  An  analysis  gave:  P,0,  ll-SO,  XTO, 
71-78,  PbO  4-40,  H,0  10-48=  97-91.  The  lead  is  regarded  as 
being  present  as  oerossite;  if  this  is  deducted  the  result  becomes : 
P,0.  12-08,  UO,  76-71,  HO  11-21=100.  The  formula  obtained 
is  (box  PA +  ^H,0,  which  requires:  P,0,  12-75,  UO,  77-56, 
H,0  9-69=100.  B.  s.  D. 

in.  Botany  and  Zoology. 

1.  Report  upon  U.  S.  Qeographical  Surveys  west  of  the  lOO^A 
Meridiem^  in  charge  of  Mrst  ikeut,  Geo.  M.  Wheeleb,  Corps  of 
Engineers,  U.  S.  A.,  etc  VoL  VI,  Botany  ;  by  J.  T.  Rotubook, 
etc.  1878. — We  have  been  prevented  from  giving  an  earlier 
notice  of  this  fine  volume,  and  want  of  space  now  imperatively 
restricts  us  to  narrow  limits.  We  have  not  neglected  it,  however, 
in  the  manner  that  the  date  on  the  title  page  would  seem  to 
indicate.  The  tide  gives  the  year  1878,  but  the  volume,  passing 
slowly  through  the  press,  was  completed  and  issued  in  May, 
1879,  and  it  should  bear  that  date.  The  collections  reported  on 
were  made  during  the  years  1871  and  1876  inclusive,  in  Nevada, 
Utah,  Colorado,  New  Mexico  and  Arizona ;  also  in  the  southern 
part  of  California.  But  the  Califomian  portion  of  this  report  is 
reduced  to  a  catalogue  in  an  appendix.  It  furnishes,  however, 
one  of  the  most  interesting  of  the  figures,  that  of  the  curious 
Lobeliaceous  genus  PcdmareUa.  As  no  reference  is  made  to  the 
fact  in  the  letter-press,  which  is  restricted  to  a  mere  explana- 
tion of  the  plate,  it  is  due  to  Professor  Kothrock  to  state  that  he 
was,  we  believe,  the  original  discoverer  of  the  plant,  having  col- 
lected it  sometime  before  Dr.  Palmer  found  it  on  the  borders  of 
Lower  California.  But  the  specimens  were  not  communicated  to 
us,  nor  in  any  way  made  known,  until  after  those  of  Dr.  Palmer 
had  been  received  and  described. 

This  volume  contains  414  pages,  4to,  and  30  plates,  besides  a 
striking  frontispiece-plate  in  color,  giving  a  view  of  a  "  grove" 
(if  it  maj  be  so  called)  of  the  giant  Cactus,  Cereus  giganteus. 
This,  again,  finds  no  mention  in  the  Catalogue,  but  is  referred  to 
in  the  general  report.  This  general  report,  of  fifty  pages,  is  a 
most  interesting  and  important  portion  of  the  volume.  From  it, 
if  space  and  time  allowed,  we  should  make  ample  extracts ;  for  it 
deals  with  attractive  and  practical  questions  in  a  graphic  and 
taking  way.  There  is  first,  a  sketch  of  the  Colorado  District,  its 
character,  climate  and  phytological  features,  also  its  agricultural 
resources  and  its  timber.  Then,  of  New  Mexico  and  the  Arizona 
District,  which  is  scientifically  treated  in  a  similar  practical  way ; 
and  a  third  chapter  consists  of  notes  on  the  economic  botany  of 
the  region,  in  which  particular  attention  is  paid  to  the  medicinal 
and  supposed  medicinal  plants. 

Chapter  IV,  or  the  remainder  of  the  volume,  entitled  Ci^talogue 
of  the  Plants  collected,  is  the  systematic  portion  of  the  report ; 
and  for  this  Sereno  Watson's  Botany  of  Clarence  Bling's  Survey 
of  the  40th  parallel  is  the  worthy  modeL    Particular  orders  are 
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worked  up  by  special  collaborators ;  as,  the  LeguminoscB  by  Wat- 
son, the  Uaclaceas  by  Engelmann,  who  has  also  contributed  other 
of  his  favorite  orders,  AsckpiadecB^  GentianacecB^  Euphorhiaceos^ 
CuptUiferoB^  Loranthacem  and  Coniferce:  while  Professor  Porter 
has  done  the  Scrophulariacaiy  LoMatce^  Polemoniacece^  Polygona- 
cecB^  etc.;  Dr.  Yasey,  the  Grasses,  Professor  Eaton,  the  Ferns,  which 
are  conspicuously  distinguished  by  a  typography  at  variance  with 
the  rest  of  the  volume ;  Mr.  James,  the  Mosses ;  Mr.  Austin,  the 
Hepatic®  (a  bare  list) ;  and  Professor  Tuckerman,  the  Lichens. 

The  plates  which  illustrate  this  part  of  the  work,  thirty  in 
number,  are  mostly  from  Isaac  Sprague^s  drawings,  are  on  the 
whole  well  chosen,  and  are  capitally  engraved  on  stone.  The 
most  interesting  of  these  may  be  enumerated.  CanoHa  hoUxr 
cant?iay  admirably  represented,  heads  the  list,  Parryella  JUifolia 
is  also  by  Sprague,  but  Petalonyx  nUidtts  is  not  so.  Leiucampyx 
Newherryi^  Ghcetadelpha  Wheeleri^  Noma  RothrocJeii^  and  I^aU 
mareUa  cMnlis  are  also  particularly  noteworthy.  The  latter  has 
been  already  referred  to.  Of  Cryptogams,  there  is  only  Notholama 
Hookeri  of  Eaton.  While  this  work  was  in  progress,  Dr.  Roth- 
rock  was  called  to  the  chair  of  Botany  in  the  University  of 
Pennsylvania,  at  Philadelphia,  where  he  has  done  much  and  most 
acceptable  work  in  building  up  the  department,  under  conditions 
in  some  respects  discouraging,  but  with  excellent  results.  It 
demands  great  energy  and  perseverance  to  carry  on  such  work 
and  at  the  same  time  to  bring  out  a  volume  like  this.  a.  g. 

2.  T%e  Flora  of  British  India. — Part  VI  carries  the  second 
volume  of  this  standard  work  from  the  Myrtacece  (by  Duthie^  to 
the  AraluzceoB^  and  most  of  the  orders  are  elaborated  by  C.  B. 
Clarke.  The  Himalayan  Oamorrhiza  is  named  O,  Claytoni  and 
the  species  made  to  include  O.  longistylis  and  O.  brevistylis;  which 
in  North  America  are  quite  distinct.  a.  g. 

3.  Refugium  Botanieum.  London,  Van  Vorst. — This  work,  so 
liberally  planned  by  Mr.  Wilson  Saunders,  was  left  with  a  hiatus, 
only  the  first  fascicle  of  the  second  volume  (devoted  to  Orchids 
and  edited  by  Reichenbach,  having  appeared.  There  is  now  a 
second  part,  bearing  the  date  of  1 878 ;  but  each  leaf  of  the  letter- 
press bears  the  date  of  October,  1872,  and  a  concluding  part  is 
promised.     The  Orchids  illustrated  are  all  tropical.  a.  g. 

4.  Transactions  and  Proceedings  qf  the  Botanical  Society  of 
Edinbuifgh^  voL  xiii,  part  2.  1878. — ^The  more  interesting  articles 
in  this  volume  are:  1,  Professor  Balfour's  notes  of  a  Continental 
tour,  in  1877,  being  an  account  of  the  celebration  of  the  400th 
anniversary  of  the  foundation  of  the  Upsala  University,  to  which 
he  was  a  delegate,  the  description  and  history  of  the  Botanic 
Garden  and  other  appliances  for  botanical  instruction  in  that 
University,  followed  by  a  similar  account  of  the  gardens  and 
herbaria  of  Stockholm  and  Lund;  also  those  of  Copenhagen, 
Kiel,  Hamburgh,  Berlin,  Leyden  and  Brussels ;  2,  Sir  Robert 
Christison's  capital  essay.  On  the  exact  measurement  of  Trees,  and 
its  applications ;  d.  Dr.  Bayley  Balfour's  elaborate  and  noteworthy 
paper,  On  the  genus  HalophUa^  with  5  plates.  a.  g. 
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6.  77is  Journal  of  the  Linnean  Society:  Botany ^  voL  xvii — 
Four  parts  of  this  volame  have  appeared,  the  latest  (no.  101)  in 
May,  1879.    The  more  notable  articles  are  the  folio  wing. 

JakperimenU  on  the  Nutrition  of  Droeera  rotundifolia^  by 
Francis  Darwin.  The  conclasions  reached  have  become  familiar 
through  abstracts  published  at  the  time  of  the  experiments.  The 
paper  is  prefaced  b^  a  summary  of  the  various  and  most  diverse 
opinions  of  naturalists  upon  the  question  whether  the  leaves  of 
thosera  and  Dioncea  can  absorb  animal  matter,  and  whether,  if 
they  do,  any  advantage  to  the  plant  results.  The  affirmative  is 
clearly  made  out  by  well-devised  experiment ;  yet,  "  it  may  be 
pointed  out  that  this  advantage  of  the  fed  Drosera  plants  is  one 
which  would  escape  the  notice  of  a  casual  observer."  A  post- 
script  refers  to  the  full  confirmation  of  his  results  by  the  researches 
of  Reess,  Eellermann  and  Raumer,  published  in  the  Botanische 
Zeitung. 

Obseroettions  on  t?ie  Genus  Pandanus  (the  Screw-Pines),  by  Dr. 
Isaac  Bayley  Balfour.  This  paper  is  prefatory  to  a  fnll  mono- 
graph of  PandaneoBj  which  this  most  promising  botanist  has 
undertaken,  after  a  study  of  several  of  its  representatives  in  a 
living  state  and  in  their  habitats.  We  may  hope  that  his  timely 
call  to  the  botanical  chair  at  the  University  of  Glasgow  will  bring 
increased  facilities  for  this  kind  of  work.  Professor  Balfour  (fiL) 
has  examined  at  Paris  the  materials  on  which  Gaudichaud  founded 
thirteen  new  genera,  and  he  reduces  them  all  to  Pandanus^  along 
with  two  genera  added  by  DeVriese. 

Notes  on  the  Mahwa  Tree  {JBassia  latifolia),  by  E.  Lockwood: 
A  tree  of  India,  largely  planted  in  Bengal,  and  which  "may  be 
called  a  fountain  yielding  food,  wine  and  oil,  to  the  inhabitants  of 
the  country  in  which  it  grows."  It  is  the  corolla  of  this  tree 
which  is  eaten  as  food  and  from'  which  a  spirit  is  distilled.  Each 
tree  yields  two  or  three  hundred  weight  of  corollas,  of  which  a 
vast  qnantitv  goes  to  feed  the  forest  birds  and  beasts,  also  to  sup- 
ply a  nourishing  food  to  the  poorer  classes ;  and  from  a  hundred 
weight  of  Mahwa  six  gallons  of  proof  spirit  can  be  produced* 
The  fruit,  which  follows  after  the  corollas  have  fallen,  yields  seeds 
from  which  a  greenish  yellow  oil  is  expressed. 

A  Synopsis  of  Hypoxidacece^  by  J.  G.  Baker.  Of  Sypoxys 
fifty-one  species  are  characterized:  the  three  related  genera  give 
a  dozen  more. 

Observations  on  Hefmileia  vastatrix^  the  so-called  Coj^ee4eaf 
Disease^  by  the  Rev.  11.  Abbay.  With  two  plates,  containmg  five 
illustrations  of  the  coffee-fungus. 

Notes  on  JSJuphorbiaceoe^  \)j  George  Bentham.  An  account  of 
this  important  paper,  especially  of  the  part  of  it  which  treats 
certain  points  in  nomenclature,  has  already  appeared  in  this  JoumaL 

Notes  on  Cleistogamic  Flowers^  chiefly  of  Viola^  Oxalis^  and 
ImpatienSy  by  A.  W.  Bennett.  A  clear  exposition,  illustrated  by 
wood-cut  figures.  The  first  is  from  our  North  American  Viola 
cucuUata,  in  which  the  cleistogamous  blossoms  ai'e  unusually 
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large  and  verj  favorable  for  observation.  Their  hollow  style  with 
large  orifice  is  delineated,  showing  that  an  open  tabe  extends  to 
the  cavity  of  the  ovary.  But  Mr.  Bennett  has  not  been  able  to 
detect  the  entrance  of  a  single  pollen-tube  into  the  ovary  through 
this  open  passage,  and  indeed  he  suspects  that  they  penetrate  the 
tissue  of  the  style.  Observations  should  be  made  here  upon  the 
native  plant ;  and  we  commend  the  investigation  to  some  of  our 
botanists  who  may  like  to  try  their  hand  at  microscopic  investiga- 
tion. They  will  find  it  interesting  to  observe  that  wondemil 
phenomena,  the  growth  and  prolongation  of  the  pollen-tubes  from 
the  anther  to  the  stigma  through  a  considerable  distance  in  a 
straight  line,  with  unerring  certamty,  as  if  guided  by  some  unseen 
i^ency  in  the  right  direction. 

On  the  Absorption  of  Bain  and  Dew  by  the  green  parts  of 
Plants;  by  the  Rev.  George  Henslow.  Along  with  Boussin- 
gault's  contemporary  researches,  these  experiments  appear  to 
settle  the  question  against  the  conclusions  of  Duchartre,  who  con- 
fidently decided  that  foliage  could  not  absorb  water  or  aqneous 
vapor.  The  gardeners  could  never  believe  this,  and  it  is  now  clear 
that  leaves  and  other  green  parts  may  imbibe  moisture  and  do  so 
evidently  under  favor^le  circumstances. 

Note  on  the  Oentis  Oudneya  Brown,  by  Dr.  Henry  Trimen. 
The  accidental  discovery  of  Dr.  Oudney's  herbarium,  which 
Brown  had  tucked  away,  has  brought  to  light  the  plant  upon 
which  Robert  Brown  founded  this  genus.  It  proves  to  be  the 
Senophyton  deserti^  as  the  authors  of  the  Genera  Plantarum  had 
!^ndeed  surmised,  though  they  had  sought  in  vain  for  the  original. 
A  nice  question  in  nomenclature  now  arises.  Brown  unqualifiedly 
calls  his  plant  the  Hesperis  nitens  of  Viviani.  Cosson  and  Durieu, 
trusting  to  this,  and  ascertaining  that  the  plant  in  their  hands  is 
not  Viviani's  Sesperis^  confidently  concluded  that  it  could  not  be 
Oudneya,  and  so  established,  ujpop  its  true  characters,  the  genus 
JBenonia  or  Senophyton,  Hooker  and  Bentham  adopt  the  genus, 
guessing  that  it  may  be  Brown's  Oudneya^  a  conclusion  to  which 
Brown's  character  would  never  lead  thenL  For  the  latter,  not 
having  mature  seed,  makes  of  it  an  Arabideous  genus,  instead  of 
a  Brassicaceous.  Shall  the  rightly  characterized  genus  now  be 
superseded  by  the  imperfectlv  and  by  implication  erroneously 
described  genus,  which  was  also  confused  with  something  else  ? 
Dr.  Trimen  implicitly  assumes  that  it  should.  If  Brown  had  been 
a  botanist  of  less  fame  and  less  accuracy,  the  current  name  (JSeno- 
vhyton)  would  probably  remain  undisturbed.  The  question  may 
be  settled  by  enquiring  what  course  the  authors  ot  the  Genera 
Plantarum  would  have  pursued  if  they  had  identified  Brown's 
genus  by  finding  his  specimen.  We  suppose  they  would  have 
adopted  the  older  name  of  Oudneya;  and  if  so,  it  may  claim  to 
be  adopted  now.  a.  g. 

6.  Floral  Dissections  ittt4StraHve  of  the  typical  Genera  of 
the  British  NaJt/wral  Orders^  Lithographed  by  the  Rev.  Gsobgb 
Hbnslow,  Lecturer  on  Botany  at  St  Bartholomew's  Hospital,  &c. 
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For  the  use  of  Schools  and  Students  in  Botany.  London:  £. 
Stanford. — An  oblong  4to,  with  20  pages  of  letter-press  and  8 
plates  crowded  with  well-chosen  analyses,  of  rather  small  size, 
Detween  one  and  two  hundred  on  each  plate.  The  price  is  not 
mentioned,  and  is  probably  low ;  the  execution  of  the  figures  is 
fairly  good,  and  the  letter-press  explaining  them  is  also  a  model 
of  condensation.  The  book  may  be  recommended  to  students  and 
classes  in  the  United  States.  a.  o. 

7.  Decease  of  Botanists. — The  mortality  among  botanists  dur- 
ing the  first  half  of  the  year  1879  is  remarkable.  Among  the 
deceased  are  the  venerable  Hdchenbach^  Itzjgsohn^  Angstr&in^ 
Bueck  (who  made  the  CandoUean  index),  TFm.  Sckimper  (the 
schoolmate  of  Agassiz  and  one  of  the  first  investigators  of  phyllo- 
taxy,  but  who  passed  most  of  his  life  in  Abysinia),  Griseoach, 
Karl  Koch^  Moore  of  Glasnevin,  besides  our  own  Bigehw  and 
Bobbins.  a.  g. 

8.  Psyche  :  Anatomy  of  Amblychila  cylindriformis  8ay^  by 
C.  F.  GissLBB.  This  carerally  prepared  memoir  is  published  in 
volume  II  of  Psvche,  the  number  for  May-June,  1879.  It  is  illus^ 
trated  by  one  plate,  well  executed  on  stone  by  the  author. 

IV.    MlSCELLANEOlTS  SCIENTIFIC  INTELLIGENCE. 

1.  Preliminary  Note  on  the  Substances  which  produce  the  Chro- 
mospheric  Lines;  by  J.  Norman  Lockyeb,  F.R.S. — Hitherto, 
when  observations  have  been  made  of  the  lines  visible  in  the  sun's 
chromosphere,  by  means  of  the  method  introduced  by  Janssen: 
and  myself  in  1868,  the  idea  has  been  that  we  witness  in  solar 
storms  the  ejection  of  vapors  of  metallic  elements  with  which  we 
are  familiar  from  the  photosphere. 

A  preliminary  discussion  of  the  vast  store  of  observations 
recoraed  by  the  Italian  astronomers  (chief  among  them  Professor 
Tacchini^,  Professor  Young  and  myself,  has  shown  me  that  this 
view  is  m  all  probability  unsound.  Tlie  lines  observed  are  in 
almost  all  cases  what  I  have  elsewhere  termed  and  described  as 
ha>sic  lines;  of  these  I  only  need  for  the  present  refer  to  the 
following : — 

h%  ascribed  by  Angstrdm  and  KirchofT  to  iron  and  nidceL 
^4        "  .        Angstrom  to  magnesium  and  iron. 

6268  bjr  Angstr5m  to  oobali  and  iron. 

6269  "  **    calcium  and  iron. 
6236    "                •*    cobalt  and  iron, 
6017    "                "    nickel 

4216    "  *'    caldum,  but  to  strontium  by  myself 

6416  an  unnamed  line. 

Hence,  following  out  the  reasoning  employed  in  my  previous 
paper,  the  bright  fines  in  the  solar  chromosphere  are  chiefly  lines 
due  to  the  not  yet  isolated  bases  of  the  so-called  elements,  and 
the  solar  phenomena  in  their  totality  are  in  all  probability  due  to 
dissociation  at  the  photospheric  level,  and  association  at  higher 
levels.    In  this  way  the  vertical  currents  in  the  solar  atmosphere, 
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both  ascending  and  descending,  intense  absorption  in  san-spots, 
their  association  with  the  facuTsB,  and  the  apparently  continuoas 
spectrum  of  the  corona  and  its  stractore,  find  an  easv  solution. 

We  are  yet  as  far  as  ever  from  a  demonstration  or  the  cause  of 
the  variation  in  the  temperature  of  the  sun ;  but  the  excess  of 
so-called  calcium  with  minimum  sun-spots,  and  excess  of  so-called 
hydrogen  with  maximum  sun-spots  follow  naturally  from  the 
hypothesis,  and  afford  indications  that  the  temperature  of  the 
hottest  region  in  the  sun  closely  approximates  to  that  of  the 
reversing  layer  in  stars  of  the  type  of  Sirius  and  a  LyrsB. 

K  it  be  conceded  that  the  existence  of  these  lines  in  the  chro- 
mosphere indicates  the  existence  of  basic  molecules  in  the  sun,  it 
follows  that  as  these  lines  are  also  seen  generally  in  the  spectra 
of  two  different  metals  in  the  electric  arc,  we  must  be  dealing 
with  the  bases  in  the  arc  also. 

2.  An  Arabic  Scientific  Journal.  —  The  first  number  of  a 
Scientific  Monthly  Journal  in  Arabic,  has  been  recently  issued  at 
Beirdt,  in  Syria.  It  b  published  by  Sh.  Makarius  &  Company  of 
that  city. 

3.  BvUetino  del  Vulcanismo  Italiano ;  Professor  M.  S.  di 
BossL  Roma,  1878.  —  A  few  years  ago  Cav.  Michele  Rossi 
determined  to  attempt  the  collection  and  monthly  publication  of 
facts  connected  with  Italian  Vulcanology.  The  experiment  suc- 
ceeded, and  a  volume  of  140  pages  has  been  issued  recording  ail 
the  phenomena  of  internal  telluric  dynamics  observed  in  Italy  and 
Sicily  during  1878.  A  list  is  given  of  twenty-six  Italian  observa- 
tories where  seismic  observations  are  recorded,  and  whose  obser- 
vers are  in  communication  with  Professor  di  Rossi  Among 
minor  notices  we  find  mention  of  various  new  seismological  obser- 
vatories, including  that  of  the  Sol&tara  at  Pazzuoli,  and  of  the 
earthquake  which  was  felt  at  Fiulmalbo,  Florence,  and  Rocca  di 
Papa.  There  are  letters  on  the  application  of  the  microphone  to 
seismological  studies,  from  Professor  di  Rossi  and  Count  G.  Mo- 
cenigo ;  and  the  Umbrian  earthquake  of  September,  1878,  is  de- 
scribed by  Professor  A.  RiccL  Silvestri  gives  an  account  of  the 
mud  eruption  which  broke  out  on  the  sides  of  Etna  near  Patemo  in 
December;  and  Palmieri  continues  his  " Cronaca  Vesuviana"  to 
the  end  of  September,  1878.  An  exact  account  of  the  time  of 
occurrence  of  earthquake  phenomena  in  any  part  of  Italy  is 
entered  in  a  tabular  form,  and  it  is  surprising  to  notice  that  not  a 
day  passes  in  Italy  without  some  indication  of  endogenous  dy- 
namic action.  At  the  end  of  the  volume  is  a  large  diagram  show- 
ing at  a  glance  the  daily  distribution  of  earthquakes  throughout 
Italy. 

.  But  the  most  interesting  article  in  the  Bulletino  is  that  on  the 
application  of  the  microphone  to  the  study  of  subterraneous 
meteorology^  by  Professor  Michele  di  Rossi  In  1876  Count 
Mocenigo,  of  Vicenza,  made  an  observation  which  was  nothing 
less  than  the  fundamental  fact  of  the  microphone.  He  observed 
that  electric  currents  indicate  in  a  galvanometer  perturbations 
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and  interroptions  by  means  of  frictions  and  shocks  produced 
artificially  between  conductors  not  in  perfect  contact  He  also 
observed  that  the  same  phenomena  were  produced  by  natural  and 
unknown  causes,  when  the  apparatus  had  not  received  any  artifi- 
cial shock.  From  the  account  of  his  observations  Professor  di 
Rossi  concludes  that  these  unknown  perturbations  arose  &om 
microseismic  oscillations  of  the  soiL  He  communicated  his  views 
to  Count  Mocenigo,  who  at  once  commenced  experimenting  in 
the  direction  indicated,  when  the  news  of  the  invention  of  the 
microphone  in  America  was  received.  Professor  di  Rossi  then 
commenced  a  series  of  experiments  with  the  microphone  in  the 
Seismic  Observatory  which  he  has  established  at  Rooca  di  Papa, 
seventeen  miles  from  Rome.  A  special  microphone,  consisting  of 
a  balanced  pointed  lever  lightly  touching  a  plate  of  silver,  was 
mounted  on  a  stone  pedestal  and  was  placed  twenty  meters  under 
ground,  at  a  distance  from  habitations  and  from  roads.  It  was 
also  thoroughly  isolated,  and  shut  up  in  a  box  filled  with  wooL 
The  instrument  was  watched  during  some  of  the  stillest  hours  of 
the  night,  and  the  same  mysterious  sounds  which  Count  Mocenigo 
had  recognised  were  heard  by  di  Rossi,  which  he  considers  were 
incontestably  natural  and  intratelluric.  The  microseismic  sounds 
were  speedily  difierentiated  from  other  sounds,  and  their  nature 
was  completely  confirmed  by  their  frequent  coincidence  with 
motions  of  the  seismograph.  On  one  occasion,  as  di  Rossi  was 
listening  at  about  half  past  three  o'clock  in  the  morning,  the  tele- 
phone connected  with  his  subterranean  microphone  emitted  sounds 
like  the  discharge  of  musketry,  of  such  loudness  that  he  feared  ^ 
they  would  awaken  a  chUd  who  slept  in  the  same  room,  and  be 
therefore  disconnected  the  telephone.  A  short  time  afterward, 
toward  four  o'clock,  a  sensible  shock  of  earthquake  occurred,  for 
which  the  sounds  had  been  the  microphonic  preparation.  The 
microphone  was  afterward  transportea  to  the  observatory  on 
Vesuvius,  and  it  was  then  possible  to  trace  the  precise  correspond- 
ence between  the  movements  of  the  seismonaph  and  the  sounds 
of  the  microphone.  The  above  is  condensed  from  G.  F.  Rod  well. 
Nature,  vol.  xx,  p.  179. 

In  this  connection  it  may  be  remarked  that  the  sources  of  the 
seismic  vibrations  which  Income  audible  through  the  microphone 
may  be  various.     Thus,  they  might  be  product  by: 

{I.)  The  explosion  of  bubbles  made  by  the  escaping  vapors, 
whicn  in  the  case  of  viscid  lavas  would  require  consicterable  inter- 
nal pressure  before  rupture. 

/2.)  The  sudden  production  or  condensation  of  vapors. 


(3.)  The  more  general  condition  of  stress  produced  in  the  earth's 
crust,  resulting  in  more  or  less  yielding  along  lines  of  least  resis- 
tance. 

The  premonitory  sounds  heard  in  the  microphone  may  with 
probability  be  referred  to  the  first  or  second  class.  a  6.  |L 
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Art.  XXVL — The  Pertinacity  and  Predominance  of  Weeds  ;  by 

Asa  Gray. 

A  WEED  is  defined  by  the  dictionaries  to  be  "Any  useless 
or  troublesome  plant"  "Every  plant  which  grows  in  a  field 
other  than  that  of  which  the  seed  has  been  [intentionally]  sown 
by  the  husbandman  is  a  weed,"  says  the  renny  Cyclop»dia, 
as  cited  in  Worcester's  Dictionary.  The  Treasury  of  Botany 
defines  it  as  "Any  plant  which  obtrusively  occupies  cultivated 
or  dressed  ground,  to  the  exclusion  or  injury  of  some  particular 
crop  intended  to  be  grown.  Thus,  even  the  most  useful  plants 
may  become  weeds  if  they  appear  out  of  their  proper  place. 
The  term  is  sometimes  applied  to  any  insignificant-looking  or 
unprofitable  plants  which  grow  profusely  in  a  state  of  nature ; 
also  to  any  noxious  or  useless  plant"     We  may  for  present 

{)urposes  consider  weeds  to  be  plants  which  tend  to  take  preva- 
ent  possession  of  soil  used  for  man's  purposes,  irrespective  of 
his  will;  and,  in  accordance  with  usa^e,  we  may  restrict  the 
term  to  herba  This  excludes  predommant  indigenous  plants 
occupying  ground  in  a  state  of  nature.  Such  become  weeds 
when  they  conspicuously  intrude  into  cultivated  fields,  meadows, 
pastures,  or  the  ground  around  dwellings.  Many  are  unat- 
tractive, but  not  a  few  are  ornamental;  many  are  injurious, 
but  some  are  truly  useful  White  Clover  is  an  instance  of  the 
latter.  Bur  Clover  {Medicago  denticulata)  is  in  Oalifomia  very 
valuable  as  food  for  cattle  and  sheep,  and  veiy  injurious  by 
the  damage  which  the  burs  cause  to  wool  In  the  United 
States,  and  perhaps  in  most  parts  of  the  world,  a  large  majority 
of  the  weeds  are  introducea  plants,  brought  into  the  country 
Am.  Joub.  Sol— Thibd  Sbbies,  Vol.  XVUL— No.  105,  Sbpt^  1879. 
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directly  or  indirectly  by  man.  Some — such  as  Dandelion, 
Yarrow,  and  probably  the  common  Plantain  and  the  common 
Purslane — are  importations  as  weeds,  although  the  species  nat- 
urally occupy  some  part  of  the  country. 

Why  weeds  are  so  pertinacious  and  aggressive,  is  too  lai^e 
and  loose  a  question:  for  any  herb  whatever  when  successfully 
aggressive  becomes  a  weed ;  and  the  reasons  of  predominance 
may  be  almost  as  diverse  as  the  weeds  themselves.  But  we 
may  enquire,  whether  weeds  have  any  common  characteristic 
which  may  give  them  advantage,  and  why  the  greater  part  of 
the  weeds  of  the  United  States,  and  probably  of  similar  tem- 
perate countries,  should  be  foreignera 

As  to  the  second  question,  this  is  strikingly  the  case  through- 
out the  Atlantic  siae  of  temperate  North  America,  in  which 
the  weeds  have  mainly  come  from  Europe;  but  it  is  not  so, 
or  hardly  so,  west  of  the  Mississippi  in  the  region  of  prairies 
and  plaina  So  that  the  answer  we  are  accustomed  to  give 
must  be  to  a  great  extent  the  true  one,  namely,  that,  as  the 
district  here  in  which  weeds  from  the  Old  World  prevail 
was  naturally  forest-clad,  there  were  few  of  its  native  herbs 
which,  if  they  could  bear  the  exposure  at  all,  were  capable  of 
competition  on  cleared  land  with  emigrants  from  the  Old  World. 
It  may  be  said  that  these  same  European  weeds,  here  prepotent, 
had  survived  and  adapted  themselves  to  the  change  from  forest 
to  cleared  land  in  Europe,  and  therefore  our  forest-bred  herbs 
might  have  done  the  same  thing  here.  But  in  the  first  place 
the  change  must  have  been  far  more  sudden  here  than  in 
Europe;  and  in  the  next  place^  we  suppose  that  most  of  the 
herbs  in  question  never  were  indigenous  to  the  originally  forest- 
covered  regions  of  the  Old  World ;  but  rather,  as  western  and 
northern  Europe  became  agricultural  and  pastoral,  these  plants 
came  with  the  husbandmen  and  the  flocks,  or  followed  them, 
from  the  woodless  or  sparsely  wooded  regions  farther  east  where 
they  originated.  This,  however,  will  not  hold  for  some  of  them, 
such  as  Dandelion,  Yarrow,  and  Ox-eye  Daisy.  It  may  be  said 
that  our  weeds  might  have  come  to  a  considerable  extent 
from  the  bordering  more  open  districts  on  the  west  and  south. 
But  there  was  little  opportunity  until  recently,  as  the  settle- 
ment of  the  country  began  on  the  eastern  border ;  yet  a  certain 
number  of  our  weeds  appear  to  have  been  thus  derived:  for 
instance,  Mollugo  veriicillata^  Erigeron  Cartadense^  Xanthium^ 
Ambrosia  artemtstce/olia,  Verbena  hastaia^  V,  uriicifolia,  etc., 
Veronica  peregrina^  Solnnum  Garolinense,  various  species  of 
Amarantus  and  Euphorbia^  Panicum  capillare,  eta  Of  late,  and 
in  consequence  of  increased  communication  with  the  Mississippi 
region  and  beyond— especially  by  rail-roads — other  plants  are 
coming  in  to  the  Eastern  States  as  weeds,  step  by  step,  by 
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somewhat  rapid  strides ;  such  as  Dysodia  chrysanthemoidesj  Mai- 
ricaiia  discoidea^  Artemisia  biennis.  Fifty  years  ago  Rudbeckia 
hirittj  which  flourished  from  the  Alleghanies  westward,  was 
unknown  farther  east  Now,  since  twenty  years,  it  is  an 
abundant  and  conspicuous  weed  in  grass-fields  throughout  th^ 
Eastern  States,  having  been  accidentally  disseminated  with 
Red-clover  seed  from  the  Western  States. 

There  are  also  native  American  weeds,  doubtless  indigenous 
to  the  region,  such  as  Asclepias  Ihmxdi,  Antennaria  margaritacea 
and  A.  plantaginifoUa,  and  m  enriched  soils  Phytolacca  decandra, 
which  have  apparentlv  become  strongly  aggressive  under 
changed  conditions.  These  are  some  of  the  mstances  which 
may  show  that  predominance  is  not  in  consequence  of  change 
of  country  and  introduction  to  new  soil. 

In  many  cases  it  is  easy  to  explain  why  a  plant,  once  intro- 
duced, should  take  a  strong  ana  persistent  nold  and  spread 
rapidly.  In  others  we  discern  nothing  in  the  plant  itself 
which  should  give  it  advantage.  Lespedeza  striata  is  a  small 
and  insignificant  annual,  with  no  obvious  provision  for  dissem- 
ination. It  is  a  native  of  China  and  Japan.  In  some  unex- 
plained way  it  reached  Alabama  and  Georgia  and  was  first 
noticed  about  thirty-five  years  ago ;  it  has  spread  rapidly  since, 
especially  over  old  fields  and  along  road-sides,  and  it  is  now  very 
abundant  up  to  Virginia  and  Tennessee,  throughout  the  middle 
and  upper  districts,  reaching  even  to  the  summits  of  the  moun- 
tains of  moderate  elevation.  In  the  absence  of  better  food  it 
is  greedily  eaten  by  cattle  and  sheep.  The  voiding  by  them 
of  undigested  seeds  must  be  the  means  of  dissemination ;  but 
one  cannot  well  understand  why  it  should  spread  so  widelv 
and  rapidly,  and  take  such  complete  possession  of  the  ground. 
It  is  one  of  the  few  weeds  which  are  accounted  a  blessing. 

Professor  Claypole,  of  Antioch  College,  Ohio,  has  recently 
contributed  to  the  Third  Report  of  the  Montreal  Horticultural 
Society  (1877-8),  an  interesting  Essay,  On  the  Migration  of 
Plants  from  Europe  to  America,  with  an  Attempt  to  explain 
Certain  Phenomena  connected  therewith.  The  phenomena 
which  he  would  explain  are  the  abundant  migration  of 
numerous  weeds  from  Europe  to  the  shore  of  North  America, 
while  others  fail  to  come,  and  the  general  failure  of  North 
American  weeds  to  invade  Europe.  We  have  oflFered  a  fairly 
good  explanation  of  the  first.  And  Professor  Claypole  goes 
far  toward  explaining  the  second  when  he  notes  that  seed  is 
(or  formerly  was)  mainly  brought  from  the  Old  World  to  the 
New,  and  tne  same  may  be  saia  of  cattle  and  other  emigration ; 
that  the  cooler  and  shorter  summer  of  the  north  of  Europe 
renders  the  ripening  of  some  seed  precarious,  etc.  He  does  not 
mention  the  fact  that  American  plants  by  chance  reaching 
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Europe  have  to  compete  with  a  vegetable  world  in  comparatively 
stable  equilibrium  of  its  species,  while  European  weeas  coming 
— or  which  formerly  eame — ^to  the  United  States  found  the 
course  of  nature  disturbed  by  man  and  new-made  fields  for 
which  they  could  compete  with  advantage.  But  his  ingenious 
hypothesis  is  that  weeds  have  a  peculiany  "plastic  nature,  one 
capable  of  being  moulded  by  and  to  the  new  surroundings," 
by  which  the  plant  "ere  long  adapts  itself,  if  the  change  is 
not  too  great  or  sudden,  to  its  new  situation,  takes  out  a  new 
lease  of  life,  and  continues  in  the  strictest  sense  a  weed ;"  "  that 
the  plants  of  the  European  flora  possess  more  of  this  plasticity, 
are  less  unyielding  in  their  constitution,  can  adapt  themselves 
more  readily  to  new  surroundings,"  and  that  it  is  "the  lack  of 
this  plasticity  in  the  American  flora  which  incapacitates  it  from 
securing  a  foot-hold  and  obtaining  a  living  in  the  difiTerent  con- 
ditions of  the  New  World ;"  that  although  "  in  the  Miocene 
era  the  European  and  American  floras  were  very  much  alike," 
yet  "since  that  era  the  European  flora  has  been  vastly  altered, 
while  the  American  flora  still  retains  a  Miocene  aspect,  and  is 
therefore  the  elder  of  the  two ;"  "  that  this  long  persistence  of 
type  in  th^e  American  flora  may  have  induced,  by  habit,  a 
rigidity  or  indisposition  to  change;"  that  "the  European  is 
thus  better  able  to  adapt  itself  to  the  strange  climate  and  con« 
ditions — that  is,  to  emigrate — than  the  American :"  and  thus, 
being  more  plastic  or  adaptable  it  succeeds  in  the  New  World, 
while  the  less  adaptable  American  flora  fails  in  the  Old  World." 

So  far  as  we  know,  the  greater  plasticity  of  European  as 
compared  with  American  plants  is  purely  hypothetical.  "More 
plastic"  would  mean  of  greater  variability,  which,  if  true,  might 
be  determined  b^  observation.  Because  Europe  once  had  more 
species  or  types  in  common  with  North  America  than  it  now 
has,  it  does  not  seem  to  follow  that  the  former  has  "a  younger 
plant-life,"  or  that  its  existing  plants  are  more  recent  than  those 
of  the  American  flora.  And  as  already  intimated,  so  refined 
an  hypothesis  is  hardly  necessary  for  the  probable  explanation 
of  the  predominance  of  Old  World  weeds  in  the  Atlantic 
United  States. 

Mr.  Henslow,  in  his  remarkable  memoir.  On  the  Self-Fertili- 
zation of  Plants  (which  we  reviewed  in  the  June  number  of 
this  Journal)  derives  from  diflferent  but  equally  theoretical 
premises  an  opposite  conclusion,  —  namely,  that  weeds  or 
intrusive  and  dominant  plants  in  general,  and  of  great  emi- 
grating capabilities,  have  "  a  longer  ancestral  life-history  than 
their  less  aggressive  relatives."  He  also  maintains  that  weeds, 
and  plants  best  fitted  for  domination  in  the  manner  of  weeds, 

Eossess  a  common  characteristic  to  which  this  dominance  may 
e  attributed,  namely,  that  they  are  in  general  self-fertilized 
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plants.  A  rapid  generalizer  might  find  confirmation  of  this  in 
the  converse,  whicn  is  obviously  true,  that  plants  with  blossoms 
very  specially  adapted  for  cross- fertilization  by  particular  insects, 
and  therefore  dependent  on  such  special  aid,  are  comparatively 
local  and  unaggressive;  yet  some  of  these  are  widely  dis- 
tributed. It  will  also  be  understood  that  self-fertilization  may 
•give  advantage  to  an  intruding  plant  at  the  outset,  by  enabling 
an  exceptionally  well-fitted  individual  to  initiate  a  favored  race. 
And  self-fertilization,  with  its  sureness,  would  always  be  most 
advantageous  unless  cross-fertilization  brings  some  compensa- 
tory advantage  greater  on  the  whole  than  that  of  immediate 
sureness  to  fertilize. 

But  the  test  of  the  theory  is,  whether  weeds  and  emigrating 
herbs  in  general  are  more  self- fertilizing  or  less  subject  to 
cross-fertilization  than  the  majority  of  related  plants,  and 
whether  many  or  any  of  them  are  actually  self-fertilized 
through  a  succession  of  generations.  It  seemed  to  us  that,  in 
a  limited  way,  the  weeds  which  Europe  has  given  to  North 
America  might  answer  this  question.  To  keep  within  bounds 
and  to  have  a  case  with  all  the  data  unquestionable,  we  will 
collate  the  weeds  of  European  parentage  which  evince  a  dom- 
inating character  in  the  United  States  east  of  the  Mississippi, 
referring  for  the  purpose  to  the  Manual  of  the  Botany  of  the 
Northern  United  States  and  Chapman's  Southern  States  Flora. 
The  latter,  however,  adds  not  a  single  weed  from  Europe  of 
any  predominance.  We  include  only  those  which  have  taken 
a  strong  hold  and  become  prominent  either  by  their  general 
diffusion  over  the  area  or  by  taking  marked  possession  of 
certain  districts.  For  examples  of  the  latter  take  Echium 
vulgare  in  Virginia,  Ranunculus  bulhosus  and  Leontodon  auium- 
nale  in  Eastern  New  England,  and  Genista  iinctoria  which 
covers  certain  tracts  in  the  eastern  part  of  Massachusetts, 
although  nearly  unknown  elsewhere.  We  must  include  sev- 
eral species  which  as  weeds  came  from  Europe,  although  they 
are  probably,  some  of  them  undoubtedly,  indigenous  to  some 
part  of  the  United  States. 

The  following  are  the  herbaceous  plants  naturalized  from 
Europe  and  of  an  aggressive  character  in  the  Atlantic  United 
States.  Herbs  of  recent  introduction,  and  those  of  however 
ancient  naturalization  which  have  not  either  spread  widely  or 
increased  greatly  over  a  considerable  district,  are  omitted. 

The  18  species  in  italic  type,  nearly  half  of  them  grasses, 
are  probably  indigenous  to  some  portions  of  North  America. 
In  some  cases  the  introduced  and  the  indigenous  plants  have 
come  into  contact. 
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RanunouluB  bulbosus. 
Ranunculus  acris. 
Nasturtium  officinale. 
Sisymbjum  officinale. 
Brassica  Sinipistrum. 
Raphanus  Raphanistrum. 
Capsella  Bursa-pastoris. 
Reseda  Luteola. 
Saponaria  officinalis. 
Silene  indata. 
Lychnis  Githago. 
Stellaria  media. 
Portidaca  oleracea. 
Malva  rotundifolia. 
Genista  tinctoria. 
Trifolium  arvense. 
Trifollum  agrarium. 
7Vi/olium  repens. 
Daucus  Carota. 
Pastinaca  sativa. 
Oooium  maculatuin. 
Tussilago  Farfara. 
Inula  Helenium. 
CfnapTialium  tUiginosum, 
Anthemis  Cotula. 
AchiUoBa  Miliejolium, 
Tanacetmn  Tulgare. 
Leucanthemum  vulgare. 
Cirsium  arvense. 


Cireium  lanoeolatum. 
Lappa  officinalis. 
Cichorium  Intybus. 
Leontodon  autumnale. 
Taraxacum  Dens-Uonis. 
Flanpigo  Tnaior, 
Plantago  lanceolata. 
Anagallis  arvensis. 
Yerbascum  Thapsus. 
Yerbascum  Blattaria. 
Linaria  vulgaris. 
Mentha  viridis. 
Mentha  piperita. 
Calamintha  Nepeta. 
Calamintha  ClinopocUv/m, 
Nepeta  Cataria. 
Nepeta  Glechoma 
MamibhuD  vulgare. 
Galeopsis  Tetrahit 
Leouurus  Oardiaca. 
Lamium  amplezicaule. 
Echium  vulgare. 
Symphytum  officinale. 
Echinospermum  Lappula. 
Cynoglossum  officinale. 
Solanum  nigrum, 
Chenopodium  aibrim, 
Chenopodium  hybridum. 
Chenopodium  Botrys. 


Pdfygonum  avicukare. 
Polygonum  Convolvulus. 
Rumex  crispus. 
Rumex  sanguineus. 
Rumex  Acetosella. 
Allium  vineale. 
Alopecurus  pratensis. 
Phleum  pratense. 
Agroatis  vulgaris. 
Agro9tis  alba. 
Dactylis  glomerata. 
Poa  annua. 
Foa  eompressa, 
Foa  prcUensia. 
Poa  trivialis. 
Rragrostis  poseoides. 
Festuca  ovina. 
Festuca  pratensis. 
Bromus  secalinus. 
Lolium  perenne. 
Triticum  repena. 
Triticwm  caminum, 
Anthoxanthum  odoratum. 
Panicum  glabrum. 
Panicum  sanguinale. 
Famcwrn  Orus-gaUi. 
Setaria  glauca. 
Setaria  viridis. 


The  plants  of  this  list,  regarded  as  weeds,  are  of  very  various 
character ;  and  several  of  them,  such  as  White  Clover  and  most 
of  the  grasses,  where  most  dominant,  do  not  fall  under  the  ordi- 
nary definition  of  weeds  at  all,  but  under  that  of  plants  useful  to 
the  farmer.  Some,  like  Purslane,  are  only  garden-weeds;  aorae 
belong  to  pastures  and  meadows;  others  affect  road-sides.  The 
fewness  of  European  corn-weeds  is  remarkabla  Chess  and 
Corn-cockle  {Lychnis  €Hihago)a,re  the  only  ones  on  the  list. 
Corn  Poppy,  Blue-bottle  and  Knapweed  {Ceniaurea  Oyanus  and 
G  nigra)  and  Larkspur  are  conspicuously  wanting;  but  the 
last  two  are  not  wholly  unknown  in  some  parts  of  the  country. 

But  the  only  question  before  us  is,  whether  these  plants  intro- 
duced from  Europe  are  or  are  not  self -fertilized,  or  more 
habitually  so  than  others,  so  that  this  may  be  accounted  an 
element  of  their  predominanca  Apparently  this  question 
must  be  answered  in  the  negative.  The  question  is  not 
whether  they  are  self-fertilizable.  The  great  majority  of  plants 
are  so,  even  of  those  specially  adapted  for  intercrossing.  The 
plants  of  this  list  appear  to  belong  to  the  juste  milieu.  Only 
one  {Rumex  Acetosella)  is  completely  dioecious ;  a  few  are  incom- 

Sletely  dioecious  or  polygamous ;  the  two  species  of  Plantago  are 
ichogamous  to  the  extent  of  necessary  dioicism  or  monoicism ; 
a  large  number  of  the  corolline  species  are  either  proterandrous 
or  proterogynous,  including  two  or  three  anemopnilous  species, 
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and  all  the  Grasses  (which  form  the  last  quarter  of  the  list)  are 
anemophilous  and  more  or  less  dicbogamous,  and  therefore  not 
rarely  cross-fertilized.  Of  those  which  are  not  anemophilous 
we  notice  none  which  are  not  habitually  visited  by  insects 
(except  perhaps  Onaphalium  uliginosum),  and  which  therefore 
are  almost  as  likely  to  be  cross-fertilized  as  close-fertilized ; 
while  in  not  a  few  (such  as  the  Compositce  generally  and  most 
of  the  other  Qamopetalce)  the  arrangements  which  favor  inter- 
crossing are  explicit.  There  is  no  cleistogamous  and  therefore 
necessarily  self-fertilized  plant  in  the  list,  except  Lamium  am- 
plexicauU,  which  also  cross-fertilizes  freely. 

In  California  the  prevalent  weeds  are  largely  different  from 
those  of  the  Atlantic  States  and,  as  would  be  expected,  are 
mostly  of  indigenous  species  or  immigrants  from  South 
America ;  yet  the  common  weeds  of  the  Old  World,  especially 
of  Southern  Europe,  are  coming  in.  The  well-established  and 
aggressive  ones,  such  as  Brassica  nigra,  Silene  Gallica^  Jirodium 
cicutanumy  Malva  borealis,  Medicago  denticulatOy  Marrubium  vul- 
gave  and  Avena  sterilisj  were  perhaps  introduced  by  way  of 
Western  South  America.  They  are  mostly  plants  capable  of 
self-fertilization,  but  also  with  adaptations  (of  dichogamy  and 
otherwise)  which  must  secure  occasional  crossing. 

We  cannot  avoid  the  conclusion  that  self-fertilization  is 
neither  the  cause,  nor  a  perceptible  cause  of  the  prepotency  of 
the  European  plants  which  are  weeds  in  North  America. 

A  cursory  examination  brings  us  to  a  similar  conclusion  as 
respects  the  indieenous  weeds  of  the  Atlantic  States,  those 
herbs  which  under  new  conditions,  have  propagated  most 
abundantly  and  rapidly,  and  competed  most  successfully  in 
the  strife  for  the  possession  of  nelds  that  have  taken  the 
place  of  forest  The  most  aggressive  of  these  in  the  Northern 
States  are  Upilobium  spicatum  in  the  newest  clearings,  which  is 
dichogamous  (proterandrous)  to  a  degree  which  practically  for- 
bids self-fertilization;  and  in  older  fields,  AscUpias  Cornuti^ 
which  is  specially  adapted  for  cross-fertilization  by  flving 
insects;  Antennaria  plantaginifolia  and  A.  margaritacea,  which 
are  dioecious;  and  next  to  these  perhaps  the  two  wild  Straw- 
berries, then  Erigerou  annuum  and  M  sirigosum,  with  certain 
Asters  and  Golden-rods,  all  insect- visited  and  dichogamous, 
and  Ve:i'hena  hastata,  urlicifoliaj  etc.,  the  frequent  natural  hybrid- 
ization of  which  testifies  to  habitual  intercrossing. 

Those  who  suppose  that  only  conspicuous  or  odorous  flowers 
are  visited  by  nying  insects  should  see  how  bees  throng  the 
small,  greenish,  and  to  us  odorless  blossoms  of  Ampelopsis  or 
Virginia  Creeper  and  of  its  Japanese  relative. 
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Art.  XXVn. — On  a  possible  cause  of  variation  in  the  proportion 
of  Oxygen  in  ike  Air ;  by  Edw.  W.  Mobley,  M.i).,  PblD., 
Professor  of  Chemistry  in  Western  Eeserve  College,  Hudson, 
Ohio. 

Professor  Loomis  has  proposed  the  theory  that  certain 
great  and  sudden  depressions  of  temperature  at  the  surface  of 
the  earth  are  caused,  not  by  the  transfer  of  cold  air  from  higher 
to  lower  latitudes,  but  by  the  vertical  descent  of  air  from  cold 
elevated  parts  of  the  atmosphere.  The  evidence  supporting 
this  theory  was  published  in  this  Journal  in  January  and  July, 
1875.  It  occurred  to  the  writer  some  time  since  that  if  this 
theory  were  true,  as  the  evidence  makes  very  probable,  the  air 
at  the  surface  of  the  earth  during  such  a  great  and  sudden 
depression  of  temperature  might  well  contain  a  smaller  propor- 
tion of  oxygen  than  the  average.  Dal  ton,  reasoning  from  the 
fact  that  oxygen  has  a  greater  specific  gravity  than  nitrogen, 
argued  that  the  proportion  of  oxygen  to  nitrogen  in  the  atmo- 
sphere should  decrease  with  increasing  altitude  above  the 
earth's  surface;  whether  he  clearly  enough  recognized  that 
such  a  regular  decrease  would  be  realized  only  m  an  atmo- 
sphere in  a  state  of  equilibrium  undisturbed  by  convection 
currents,  the  writer  does  not  know,  not  having  seen  Dalton's 
memoir.  Such  a  decrease  of  atmospheric  oxvgen  with  increas- 
ing altitude  has  not  yet  been  detected  by  analysis,  although  the 
amount  of  decrease,  on  the  theory  that  oxygen  and  nitrogen 
are  distributed  in  the  atmosphere  according  to  the  law  which 
would  prevail  in  case  of  equilibrium,  is  so  rapid  that  it  would 
be  detected  with  ease,  even  in  altitudes  attained  in  every  holi- 
day ascent  of  a  balloon.  This  decrease  may  be  calculated  from 
the  formula  K=EoO-9882960^  where  H  denotes  the  height 
above  the  earth's  surface  expressed  in  kilometers,  Eq  denotes 
the  ratio  of  the  tension  of  oxygen  to  that  of  nitrogen  at  the 
surfece  of  the  earth,  and  R  denotes  the  same  ratio  for  the 
height  H.  The  constant  is  computed  from  the  determinations 
by  Kegnault  of  the  weights  of  a  litre  of  oxygen  and  of  nitro- 
gen, and  of  the  specific  gravity  of  mercury.  The  following 
table  gives  in  the  second  column  the  ratio  of  the  tension  of 
oxygen  to  that  of  nitrogen  at  the  height  in  kilometers  given  in 
the  first  column,  and  the  per  cent  of  oxygen  at  the  same 
height  in  the  third  column.  The  per  centage  of  oxygen  at  the 
earth  s  surface  assumed  in  the  taole  is  that  used  in  the  tables 
for  gas  analysis  in  Bunsen*s  G-asometrische  Methoden. 

It  will  be  seen  that  the  composition  here  calculated  for  a 
height  of  a  single  kilometer  is  so  diflferent  from  that  at  the  sur- 
face that  analysis  of  no  very  refined  accuracy  would  detect  the 
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variation  with  ease.  But  no  such  variation  has  been  detected 
even  in  samples  of  air  collected  at  the  greatest  elevations 
attainable. 


Height, 
KUometers. 

BatloofO 
toM. 

Per  cent  of  0. 

Height, 
Kilometers. 

BatloofO 
toN. 

Per  cent  of  O. 

0 

26*52  % 

20-96  % 

10 

22  41  % 

18-31  % 

1 

26-08 

20*68 

20 

18-93 

15-92 

2 

25-64 

20-41 

30 

16-00 

13-79 

3 

25-21 

20-14 

40 

13-52 

11-91 

4 

24-79 

19-87 

50 

11-42 

10-25 

6 

24-38 

19-60 

60 

9-65 

8-80 

6 

23-97 

19-34 

70 

8-16 

7-54 

t 

23-57 

19-07 

80 

6-89 

6-45 

8 

23-18 

18-82 

90 

5-82 

5-50 

9 

22-79 

18-56 

100 

4-92 

4-69 

But  although  this  is  the  case,  it  is  certain  that  in  the  atnao- 
sphere  of  the  same  place  at  different  times  the  oxygen  varies 
by  more  than  one-fortieth  of  its  average  amount  Variations 
so  large  as  this  are  rare,  but  variations  of  the  one-hundredth  or 
two-hundredth  part  are  common.  It  therefore  seemed  to  the 
writer  proper  to  examine  whether  facts  bear  out  the  conjecture 
that  certain  great  and  sudden  local  depressions  of  temperature 
'  are  caused  by  the  descent  of  cold  air  from  the  upper  part  of 
the  atmosphere,  and  that  such  air  may  by  its  poverW  in  oxygen 
throw  some  light  on  a  question  in  meteorology  and  a  question 
concerning  the  physics  of  a  mixture  of  different  gases. 

In  the  number  of  Wiedemann's  Annalen  for  April  of  the 
current  year,  JoUv  has  published  the  results  of  numerous  and 
very  accurate  analyses  of  atmospheric  air.  He  asserts  a  con- 
nection between  the  variations  in  composition  detected  and  the 
direction  of  the  winds  when  the  sample  was  collected.  He 
considers  himself  justified  in  concluding  that  the  atmosphere 
of  tropical  regions  is  poorer  in  oxygen  than  that  of  polar 
regions,  and  supposes  that  at  the  equator  more  oxygen  is  con- 
sumed in  processes  of  oxidation  than  is  set  free  by  those  of 
reduction,  while  the  opposite  is  true  near  the  poles.  Since  no 
difference  in  the  composition  of  the  atmosphere  at  the  equator 
and  at  the  poles  has  been  detected,  while  on  this  theory  the 
difference  must  be  one  large  enough  to  account  for  the  extreme 
variations  found  in  temperate  regions,  and  to  account  for  them 
after  such  abnormal  air  had  been  exposed  to  admixture  with 
air^of  a  different  composition  during  a  passage  of  thousands  of 
miles,  the  writer  fears  that  the  theory  oi  Jolly  will  need 
further  prool  Other  reasons  for  a  similar  doubt  will  suggest 
themselves. 

On  the  writer's  theory,  a  sample  of  air  collected  at  the  center 
of  an  area  covered  by  a  descending  current  of  cold  air  would 
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at  some  given  instant  be  a  sample  fresh  from  the  upper  part  of 
the  atmosphere,  but  little  exposed  to  admixture  on  the  way. 
If  before  its  descent  it  had  remained  at  a  great  height  for  a 
long  time,  it  might  well  have  lost  some  of  the  oxygen  which 
it  contained  when  it  was  at  some  previous  time  at  the  level  of 
the  sea,  and  the  difference  might  be  enough  to  be  detected. 
An  observer  at  one  side  of  this  central  point  would  have 
samples  more  or  less  mingled  with  surface  air;  but  even  then, 
a  deficiency  of  oxygen  might  be  detected  by  accurate  analysis. 

The  writer  hopes  to  make  arrangements  for  the  regular  col- 
lection of  samples  at  points  which  Professor  Loomis  has  indi- 
cated as  regions  of  frecjuent  descent  of  cold  air  from  great 
heights.  But  while  laying  plans  for  the  work,  he  has  thought 
best  to  ascertain  whether  some  light  on  the  changes  in  the  con- 
stitution of  the  atmosphere  might  be  obtained  by  analyzing 
samples  of  air  collected  at  home.  Having  an  apparatus  for 
gas  analysis  lately  constructed  for  the  study  of  the  gas  issuing 
from  the  numerous  gas  wells  of  his  vicinity,  he  used  this  for 
such  determinations.  In  general,  the  apparatus  is  constructed 
on  the  plan  of  McLeod's  modification  of  rrankland  and  Ward's 
apparatus.  But  some  important  modifications  have  been  intro- 
duced, and  excellent  workmanship  was  bestowed  on  details. 
Some  such  points  but  slightly  concern  analyses  by  explosion. 
The  connection  between  the  eudiometer  and  absorption  tubes 
is  novel,  and  has  worked  well.  This  will  be  described  in  some 
proper  connection.  Here  will  be  described  everything  neces- 
sary for  a  judgment  of  the  accuracy  of  the  analyses  to  be  cited. 

The  eudiometer  and  pressure  tubes  were  made  from  the 
writer's  drawings  by  Geissler,  whose  recent  death  is  a  loss  to 
science,  and  a  personal  loss  to  so  many  who  have  been  aided 
by  him.  The  stop-stocks  at  the  top  of  these  tubes  will  retain 
a  Torricellian  vacuum  for  weeks.  The  internal  diameters  of 
the  tubes  are  20*9  and  10*7  millimetera  At  the  lower  end  of 
the  eudiometer  tube  is  a  glass  stopcock,  the  use  of  which  is 
simply  to  permit  the  ready  cleaning  of  the  tube.  Its  glass 
plug  is  withdrawn,  and  in  place  of  it  is  put  one  of  vulcanite  so 
bored  that  acids  or  water  can  be  aspirated  through  the  eudi- 
ometer without  dismounting  it  and  without  drawing  off  the 
mercury  from  the  pressure  tube.  The  stop-cock  at  the  top 
of  the  eudiometer  tube  is  also  provided  with  a  similar  plug  for 
the  same  purpose.  The  pressure  and  eudiometer  tubes  are 
surrounded  by  a  stream  oi  water  entering  at  the  top  of  the 
pressure  tube  and  running  away  from  near  the  bottom  of  the 
two.  The  level  of  water  is  kept  constant  by  a  device  similar 
to  that  of  Thomas,  described  in  a  late  number  of  the  Journal 
of  the  Chemical  Society,  but  perhaps  superior  to  his  in  some 
respecta      The  flow  of  mercury  to  and   from  the  movable 
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reservoir  is  controlled  by  an  iron  stop-cock  which  is  attached  to 
the  iron  tripod  support  of  the  whole  apparatus.  The  plug  of 
this  stop-cock  is  vertical,  and  is  prolonged  by  a  shaft  which 

Euts  it  within  easy  reach  of  the  observer.  By  means  of  a  long 
andle  on  this  shaft,  the  stopcock  can  be  moved  with  the 
greatest  delicacy.  From  this  stop-cock,  an  iron  tube,  cast  in  the 
same  piece,  extends  under  the  ends  of  the  glass  tubes  of  the 
apparatus,  and  two  small  iron  tubes  rise  from  this  horizontal 
tube ;  these  last  meet  the  glass  tubes  and  are  connected  with 
them  by  short  tubes  of  patent  black  rubber  containing  no  free 
sulphur.  The  connectors  are  tied  so  as  to  endure  the  pressure 
of  mercury  having  a  head  of  several  feet,  and  are  surrounded 
with  mercury  so  as  to  be  absolutely  air-tight  The  plug  of 
the  iron  stop-cock  is  also  so  surrounded  with  mercury  that  the 
entrance  of  air  is  absolutely  impossible,  and  the  same  precau- 
tion was  taken  at  the  junction  of  the  two  small  iron  tubes  with 
the  horizontal  tube.  The  cast  iron  of  this  tube  and  stop-cock 
is  well  japanned,  and  no  leakage  through  its  pores  has 
occurred. 

The  measurement  of  the  volume  of  gas  in  such  an  appara- 
tus demands  an  accurate  adjustment  of  the  level  of  the  mercury 
in  the  eudiometer  tube  to  one  of  the  marks  of  the  graduations. 
Such  an  adjustment  can  be  accurately  made  by  admitting 
mercury  very  slowly  from  the  reservoir,  and  closing  the  stop- 
cock at  the  required  moment  But  if  now  the  temperature  of 
the  gas  be  not  quite  constant,  the  adjustment  can  be  renewed 
for  a  second  reading  only  by  letting  in  or  out  a  column  of  mer- 
cury of  several  millimeters,  again  permitting  it  very  slowly  to 
approach  the  proper  level,  and  stopping  at  the  instant  of  con- 
tact It  is  quite  impossible  to  open  the  stop-cock,  admit  the 
twentieth  or  fortieth  of  a  millimeter  of  mercury,  note  the  right 
instant,  and  then  again  close  the  stop-cock.  But  for  accurate 
work,  the  means  of  altering  the  level  of  the  mercury  by  such 
sniall  quantities,  and  of  doing  it  by  a  continuous  movement, 
seemed  important  In  the  end,  therefore,  of  the  horizontal 
iron  tube,  there  works  a  plunger,  packed  with  great  care, 
which  can  be  moved  in  or  out  oy  a  screw.  By  means  of  this 
micrometric  movement,  the  level  of  the  mercury  which  has 
been  adjusted  by  the  stop-cock  can  be  altered  with  the  greatest 
delicacy,  and  readjusted  till  perfect  steadiness  is  attained. 
Danger  of  leakage  through  the  washers  around  the  plunger  was 
prevented  by  providing  a  seat  into  which,  when  the  plunger  is 
screwed  quite  home,  it  fits  so  as  to  out  off  connection  between 
the  pressure  tube  and  the  rest  of  the  apparatus.  The  mercury 
in  tne  pressure  tube  is,  by  the  use  of  this  valve,  always  kept 
at  such  a  height  that  any  possible  leakage  is  that  of  mercury 
outward,  and  not  of  air  inward. 
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The  eudiometer  and  pressure  tubes  are  cemented  into  the 
brass  cap  of  the  glass  cylinder  containing  the  water  intended 
to  keep  all  parts  of  the  apparatus  at  the  same  temperature. 
The  level  of  the  two  graduations  with  respect  to  each  other  is 
therefore  constant. 

When  the  writer  planned  to  make  analyses  of  air  in  order  to 
detect  if  possible  some  law  in  its  variations  of  composition,  he 
expected  to  have  to  do  with  quantities  but  little  larger  than 
the  errors  of  observations  Some  thought  was  therefore  given 
to  the  methods  of  keeping  such  errors  as  small  as  possible.  It 
was  hoped  that  if  the  probable  error  of  a  determination  of  oxygen 
with  this  apparatus  was  not  larger  than  the  probable  error  of 
the  analyses  made  by  Bunsen  in  January  ana  February,  1846, 
the  object  of  the  analyses  would  be  attained.  Such  analyses 
as  those  of  Bunsen  would  abundantly  serve  to  establish  varia- 
tions of  the  four  hundredth  part  of  the  average  amount  of 
'oxygen  contained  in  the  atmosphere.  The  writer  expected  to 
have  commonly  to  do  with  such  variations,  and  therefore  com- 
puted the  comparative  accuracy  of  analyses  of  air  made  with 
the  long  eudiometer  of  Bunsen's  experiments,  and  with  the 
apparatus  used  in  the  present  work.  In  the  first  analysis  by 
Bunsen  of  the  air  of  January  ninth,  the  length  of  the  column 
of  gas  in  the  eudiometer  was  in  round  numbers,  840  millime- 
ters, and  its  tension  510.  The  tension  was  determined  by  four 
readings,  and  the  apparent  volume  of  air  taken  by  one  reading. 
An  error  in  the  last  reading  would  produce  also  an  error  of 
the  same  sign  in  the  observ^  tension,  so  that  these  two  errors 
are  not  independent  Their  influence  on  the  result  is  therefore 
computed  by  simply  adding  them ;  the  other  errors  are  indepen- 
dent of  this  joint  error  and  of  each  other.  And  the  influence 
of  the  four  independent  errors  on  the  result  is  computed  by 
taking  the  square  root  of  the  sum  of  their  squares.  If  we 
repeat  this  computation  for  the  different  volumes  and  tensions 
of  the  second  and  third  measurements,  referring  all  the  probable 
errors  to  the  volume  of  air  first  taken,  and  obtain  the  probable 
errors  of  the  three  measurements,  we  may  obtain  the  probable 
error  of  the  final  result  by  adding  the  square  of  the  first  prob- 
able error  to  the  squares  of  the  third  parts  of  the  second  and 
third,  and  taking  the  square  root  of  the  sum. 

The  probable  error  of  a  single  reading  of  the  level  of  the 
mercury  in  Bunsen's  experiments  is  not  given ;  but  we  may 
compare  the  two  methods  by  assuming  arbitrarily  some  proba- 
ble error,  provided  that  we  assume  the  same  error  in  both 
computations.  The  first  column  of  the  following  table  gives 
the  influence  of  a  probable  error  of  one-tenth  of  a  millimeter 
in  a  single  reading  in  each  of  the  three  measurements  of  the 
analysis  quoted  from  Bunsen. 
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In  the  measurement  of  a  volume  of  gas  with  the  Frankland 
and  Ward  or  McLeod  apparatus,  the  mercury  is  brought  to 
that  mark  in  the  eudiometer  tube  which  will  give  a  suitable 
tension,  and  the  height  in  the  pressure  tube  at  which  the  mer- 
cury stands  is  determined.  An  error  in  determining  the  vol- 
ume of  gas  in  the  eudiometer  tube  involves  an  error  of  the 
same  sign  in  the  observed  tension.  If  we  add  these  two 
dependent  errors  we  have  one  of  the  two  independent  errors 
affecting  this  mode  of  measurement,  the  other  being  the  error 
probably  made  in  determining  the  upper  level  of  the  mercury 
in  the  pressure  tube.  Adding  the  squares  of  these  two  and 
taking  the  square  root,  we  have  the  probable  error  of  a  meas- 
urement with  the  apparatus.  If  we  treat  the  second  and  third 
measurement  in  the  same  way,  and  compute  the  effect  of  these 
three  probable  errors  on  the  final  result,  we  get  the  numbers  in 
the  second  column  of  the  following  table. 

Probable  errors  of  measwementa  ofgaa^  and  of  final  resulted  occasioned  by  a  probable 
error  of  the  tenth  of  a  millimeter  in  each  reading. 


In  ADftlyBlt 

with  FnwkUod 

eltedfTomBiuiMn. 

and  W«rd  ftppArfttw. 

In  measurement  of  air  taken 0046  % 

0*034  % 

In  measurement  of  air  and  hydrogen        0*050 

0042 

In  measurement  after  explosion 0*039 

0-031 

Probable  error  of  result 0*061 

0038 

It  is  obvious  that  with  the  same  error  probable  in  each  read- 
ing, the  use  of  the  rapidly  working  apparatus  involves  no 
sacrifice  of  accuracy  to  convenience,  as  far  as  the  conditions 
of  observation  are  concerned. 

To  obtain  the  degree  of  accuracy  needed  for  the  present  pur- 
pose, it  is  nepessary  to  take  account  of  the  expansion  of  the 
mercury  in  the  column  which  measures  the  pressure,  and  also 
of  the  linear  expansion  of  the  scale  which  measures  the  tension, 
and  of  the  cubical  expansion  of  the  eudiometer  tube.  Since 
all  these  are  at  the  same  temperature  with  the  gas  to  be  meas- 
ured, it  is  easy  to  prepare  a  table  giving  the  correction  not  only 
for  the  expansion  of  the  gas  but  also  for  the  exj^ansion  of  mer-' 
cury,  scale  and  eudiometer.  Such  a  table,  giving  on  a  single 
page,  for  everv  tenth  of  a  centigrade  degree  from  zero  to  thirty 
degrees,  the  logarithmic  factor  to  be  added  to  the  logarithms 
of  the  observed  volume  and  observed  tension,  makes  nie  work 
of  reduction  very  slight.  Most  tables  of  correction  of  the 
volumes  of  gas  contain  a  logarithm  to  be  subtracted ;  for  con- 
venience it  should  be  additive;  and  five  places  of  decimals 
should  not  be  exceeded.  Unless  measurements  can  be  made 
ten  times  more  accurate  than  Bunsen's,  five  places  of  logarithms 
distinguish  smaller  diflferences  than  observation  deals  with ; 
five  places  permit  instant  interpolation  for  hundredths  of  a 
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degree,  and  a  greater  number  waste  time  and  possess  no  advan- 
tage whatever. 

The  eudiometer  was  calibrated  by  filling  it  with  air-free 
water,  and  weighing  the  quantity  expelled  as  the  mercury  rose 
to  each  successive  mark  of  the  graduation.  This  was  done 
four  times  for  each  division  ;  the  probable  error  of  a  single 
determination  was  found  to  be  8*6  milligrams  of  water.  The 
results  were  all  reduced  to  the  temperature  of  melting  ice. 
There  were  seventeen  divisions  in  the  eudiometer  tube,  now 
broken,  which  was  used  in  all  the  analyses  in  this  paper.  The 
volume  of  gas  to  be  measured  was  always  brought  to  one  of 
the  two  divisions  which  permitted  measurement  under  the 
most  favorable  conditions,  and  its  tension  determined ;  it  was 
then  brought  to  the  other  division,  and  its  tension  again  deter- 
mined. Two  independent  measurements  thus  obtained  elimi- 
nated the  chance  of  error  in  identifying  divisions  on  the  scale, 
and  also  afforded  the  means  of  ascertaining  the  probable 
error  of  a  measurement.  In  the  analyses  contained  in  this 
paper,  the  quantity  of  air  taken  was  unfortunately  limited  by 
the  circumstance  that  the  collecting  tubes  at  hand  were  small ; 
the  probable  error  of  the  results  so  far  obtained  is  therefore 
much  greater  than  is  due  to  the  care  used  in  observing.  In 
analyses  made  after  the  present  month  this  mistake  of  judg- 
ment will  be  corrected.  The  mean  quantity  of  air  taken  in 
an  analysis  so  far  has  been  88*9  cubic  centimeters  measured  at 
zero  and  760  millimeters.  From  196  pairs  of  measurements  it 
has  been  computed  that  the  probable  error  of  a  single  determi- 
nation of  volume  is  its  5800th  part  Hence  the  probable  error 
of  a  determination  of  oxvgen  in  the  air  is  the  7200th  part,  and 
the  probable  difference  of  two  determinations  on  the  same  sam- 
ple is  the  6100th  part  A  second  analysis  was  alw&ys  made 
when  the  first  showed  a  deficiency  of  oxygen.  A  comparison 
of  the  results  will  show  whether  the  accuracy  indicated  by 
computation  was  obtained.*  The  writer  has  in  hand  an  entirely 
new  construction  of  the  pressure  tube,  and  some  modifications 
of  the  optical  appliances  for  reading  the  level  of  the  mercury 
in  the  eudiometer  tube,  by  which  he  hopes  considerably  to 
lessen  this  probable  error. 

The  samples  of  air  analyzed  were  collected  in  the  open 
country  in  glass  vessels  with  due  care  as  to  admixture  with  the 
air  from  the  collector  s  lungs,  preserved  over  mercury,  freed, 
from  carbonic  acid,  and  exploded  with  hydrogen,  of  proved 
purity,  obtained  by  galvanic  decomposition  of  water.      But 

*  The  diverf?ence  of  the  second  result-  of  February  26th  from  the  first  is  due  to 
the  fact  that  in  the  second  analysis  the  hydrogen  used  was  not  pure.  As  none 
of  ihe  sample  remained  for  a  third  experiment  the  second  result  is  given  in  con- 
firmation of  the  first  But  this  pair  of  results  should  not  be  used  in  computing 
probable  errors. 
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some  samples  were  collected  in  clean  stoppered  and  capped 
bottles,  and  kept  for  a  short  time  by  inverting  the  bottle  in  the 
cap  which  had  been  filled  with  water.  In  this  case  the  air 
was  withdrawn  for  analysis  with  a  Toepler's  mercury  pump. 

The  table  gives  in  the  first  column  the  date,  in  the  second, 
the  mean  temperature  of  the  day  at  this  place  as  determined 
by  three  observations.  In  the  third,  on  the  days  when  anal  vses 
were  made,  the  hour  of  collecting  the  sample  is  given,  frac- 
tions of  hours  being  disregarded.  In  the  last  two  columns  are 
given  the  hundredths  percent  found  by  analysis,  the  figures 
twenty  and  the  decimal  point  being  suppressed.  The  figures 
ninety-six,  for  instance,  in  this  column  mean  20*96  per  cent  of 
oxygen.  Within  the  time  covered  bv  the  analyses  now  pub- 
lished, there  were  several  well  marked  great  and  sudden 
depressions  of  temperature,  and  the  figures  show  the  falling 
oflf  in  the  proportion  of  oxygen  in  the  air  at  these  times  to  be 
as  well  marked  as  the  depression  of  temperature.  The  defi- 
ciency is  not  proportionate  to  the  depression  of  temperature ; 
this  could  not  be  expected. 

It  may  be  said  that  these  analyses  were  commenced  in  March, 
1878,  but  in  December  of  that  year,  a  doubt  was  felt  whether 
it  were  absolutely  certain  that  in  every  case  the  air  and  hydro- 
gen had  been  completely  mixed  before  explosion.  In  test 
cases,  the  air  and  hydrogen  had  been  permitted  to  difl^use  into 
each  other  for  eighteen  hours  before  explosion,  and  the  results 
were  the  same  as  in  the  usual  course  of  analysis ;  but  the 
analyses  are  not  here  given,  although  they  contain  onlv  evi- 
dence perfectly  agreeing  with  that  here  presented.  In  all  the 
analyses  here  printed,  the  air  and  hydrogen  were  known  to  be 
thoroughly  mixed;  they  were  driven  as  rapidly  as  possible 
through  a  capillary  tube  twelve  or  twenty  times.  All  made 
between  the  first  and  last  dates  of  the  table  are  given  without 
selection,  except  that  some  were  rejected  for  obvious  instru- 
mental errors. 

The  remarkable  deficiency  of  oxygen  observed  on  the 
twenty-sixth  of  February  seems  affected  with  no  reason  for 
doubt  On  Sept  16,  1878,  two  very  careful  analyses  of  the 
same  sample  gave  2()'49  and  2046  per  cent  of  oxygen.  On 
July  19,  and  Nov.  10,  1877,  Jolly  found  20*66  per  cent  The 
Neues  Handworterbuch  der  Chemie,  i,  856,  cites  an  analysis 
of  air  from  ihe  Bay  of  Bengal  showing  2046  per  cent,  one  of 
air  from  near  Calcutta,  showing  2039  per  cent,  and  one  of  air 
from  near  -Algiers,  showing  2041  percent  That  Jolly  and 
the  writer  have  found  air  almost  as  deficient  in  oxygen  as  the 
three  last  will  lessen  the  probability  that  the  air  of  the  surface 
of  the  earth  in  the  Torrid  zone  is  normally  poor  in  oxygen. 
One  of  the  first  cases  of  a  supposed  descent  of  cold  air  from 
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Analyses    op   Aib, 

Showing  deficienq/  of  Oxygen  attending  tudden  depression  of  temperaMkre. 
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an  elevation  mentioned  by  Loomis  occurred  in  the  warmer 
parts  of  this  country.  If  his  theory  finds  favor,  and  the  writer's 
conjecture  is  correct,  it  will  be  presumed  that  the  three  samples 
cited  in  the  Handworterbuch  from  the  still  warmer  regions  of 
the  earth  were  taken  in  the  midst  of  such  a  mass  of  cold  air 
descending  from,  and  retaining  the  composition  of,  the  upper 
parts  of  the  earth's  atmosphere. 

The  analyses  here  printed  should  not  be  used  in  determining 
the  average  composition  of  the  air  by  combining  analyses  from 
all  sources.  Wnether  the  writer's  conjecture  is  correct  or  not, 
it  has  enabled  him  to  select  times  for  taking  samples  of  air 
varying  widely  from  the  average ;  and  to  such  times  his  analy- 
ses have  been  commonly  limited,  only  occasionally  including 
a  sample  of  presumably  normal  air  to  serve  as  a  check  on  the 
abnormal. 

Weitom  Beserve  Oc^lege,  Hudson,  Ohio,  June  12,  1879. 


Art.  XXVUr. — Principal  J,  W.  Dawson^s  criticism  of  my  Mem- 
oir On  the  Structure  q/'Eozoon  Canadense  compared  with  that  of 
Foraminifera;  by  K.  M6BIUS,  Professor  of  Zoology  at  Kiel.* 

If  it  were  true  that  "  the  organic  character  of  Eozoon  is  at 
present  generally  admitted,"  as  Dr.  Dawson  savs  in  his  criticism 
on  my  memoir,  I  could  have  spared  myself  the  trouble  of 
elaborating,  and  others  that  of  reading,  mjr  studies.  But 
every  one  who  has  paid  attention  to  this  question  knows  that 
this  statement  of  Dr.  Dawson  is  not  correct  As  lon^  as  two 
different  opinions  about  one  object  in  nature  are  maintained, 
and  on  both  sides  by  men  whose  learning  and  honesty  in  the 
search  for  the  truth  cannot  be  Questioned,  so  long  are  renewed 
studies  and  descriptions  of  the  differently  judged  object  a  scien- 
tific duty  for  all  who  believe  that  they  have  the  true  explanation. 
For  every  phenomenon  in  nature  but  one  thoroughly  true  ex- 

!)lanation  is  possible.     This  principle,  as  stated  in  mv  memoir 
p.  178),  has  guided  me  in  preparing  it  for  the  scientinc  public. 
Dr.  Dawson  says  further,  "As  fast  as  one  opponent"  (against 
the  organic  character  of  Eozoon)   "is  disposed  of,  another 
appears,"     And  he  rises,  himself,  to  dispose  of  me,  the  last  of 
the  opponents. 

•  For  Dr.  Dawson's  paper  see  this  Journal,  xvii,  196,  Marchf  1879. 

[Thinking  (hat  Professor  Mobius  should  have,  if  he  desiredL  an  opportunity  to 
reply  to  Dr.  Dawson's  criticism,  and  that  science  would  profit  thereby,  we  offered 
him  the  pages  of  this  Journal,  and  stated  that  we  should  be  pleased  if  he  would 
occupy  them  and  give  his  views  on  the  subject ;  iufonuing  him,  at  the  same  time 
(in  order  to  remove  any  objections  that  might  arise  in  his  mind),  that  there  would 
be  no  rejoinder  in  this  Journal  Professor  MSbius  has  accordingly  prepared  for 
us  the  article  now  published.  j.  D.  D.] 

Am.  Joub.  Sgi.— Thibd  Sbbibs,  Vol.  XVIII,  No.  106.— Sbft.»  1879. 
12 
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No  one  should  be  able  to  do  bo  better  than  he.  It  was  he 
who  described  the  Eozoon  Canadense  as  an  organism ;  who  has, 
moreover,  a  very  fine  collection  of  specimens  of  Eozoon,  and 
has  studied  the  Eozoon  in  situ  and  is  fully  acquainted  with 
the  literature  relating  to  it. .  I  could  not,  indeed,  have  wished 
for  a  more  experienced  reviewer,  to  show  me  where  I  had  fallen 
into  error  and  where  I  had  found  the  truth. 

It  is  Mr.  Dawson's  belief  that  few  scientific  men  are  in  a 
position  fully  to  appreciate  the  evidence  respecting  the  organic 
character  of  Eozoon;  that  this  is  true  of  ihe  geologists  and 
mineralogists,  because  the^  do  not  yet  agree  with  regard  to  the 
nature  of  the  rocks  in  which  it  occurs;  and  of  the  biologists, 
because  **they  are  but  little  acquainted  with  the  appearance 
oi  foraminiferal  organisms  when  mineralized  with  silicates." 
"  Nor  are  they  willing,"  he  savs,  "  to  admit  the  possibility  that 
these  ancient  organisms  may  have  presented  a  much  more  gen- 
eralized and  less  definite  structure  tnan  their  modem  successors. 
Worse,  perhaps,  than  all  these,  is  the  circumstance  that  dealers 
and  injudicious  amateurs  have  intervened  and  have  circulated 
specimens  of  Eozoon,  in  which  the  structure  is  too  imperfectly 
preserved  to  admit  of  its  recognition."  These  are  the  principal 
points  in  the  introduction  to  Principal  Dawson's  criticism  on 
my  paper.  He  continues :  "  The  memoir  of  Professor  Mobius 
affords  illustrations  of  some  of  these  difficulties  in  the  study  of 
Eozoon." 

I  hope  Principal  Dawson  will  concede  that,  in  my  memoir, 
there  is  no  evidence  that  the  different  hypotheses  with  regard 
to  the  geological  character  of  the  strata  in  which  the  Eozoon 
occurs  have  puzzled  me;  nor  that  any  previously  conceived 
hypothesis  has  influenced  me  in  my  conclusiona  To  hypoth- 
eses of  this  kind  I  have  brieflv  alluded  in  the  last  chapter  of 
my  memoir  where  I  say :  "  Wnile  excluding  Eozoon  from  the 
organic  world  by  scientific  arguments,  it  is  by  no  means 
maintained  that  in  the  Laurentian  period  there  may  not  have 
existed  organisms.  It  is  possible  that  the  graphite  of  the  Lau- 
rentian beds  may  have  originated  from  organisms."  These 
words  ought  plainly  to  have  shown  Mr.  Dawson  that  no  geo- 
logical hvpothesis  compelled  me  in  advance  to  deny  the  organic 
nature  of  ^Jozoon.  On  the  contrary,  in  the  beginning  of  my 
studies  I  hoped  to  gain  conclusive  evidence  in  favor  of  the  organic 
character  of  Eozoon,  as  I  have  stated  in  my  memoir,  chapter 
VI :  "It  is  to  me  a  source  of  regret  that  I  cannot  say  to  Messrs. 
Dawson  and  Carpenter,  who  have  so  kindly  aided  me  in  my 
work,  that  Eozoon  Canadense  must  be  considered,  from  my  re- 
searches also,  a  fossil  Foraminifer."  I  quote  these  words  here 
for  the  benefit  of  those  readers  of  Principal  Dawson's  criticism 
who  are  not  acquainted  with  my  memoir. 
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I  was  familiar  with  the  structure  of  fossilized  Foraminifera, 
as  can  be  seen  from  several  notations  and  figures  in  mjrpaper. 
Nor  was  I  unwilling  to  admit  that  the  structure  of  Eozoon 
might  be  different  from  that  of  modern  Foraminifera,  as  is  evi- 
dent from  the  following  words  in  my  memoir  (p.  188) : 

"  If  all  the  structures  of  Eozoon,  in  the  same  layers  and  forms 
that  they  have  in  the  best  specimens  circulated  by  Dawson  and 
Carpenter,  were  indeed  produced  by  living  beings,  the  living 
Eozoon  must  have  had  a  nature  totally  different  from  that  of 
all  plants  and  animals  we  know.  If  it  were  possible  to  prove 
that  Eozoon  is  a  fossil  and  not  a  mineral,  we  must  then  make 
two  divisions  of  organic  bodies,  viz:  1,  organic  bodies  with 
protoplasmic  nature  (all  plants  and  animals) ;  2,  organic  bodies 
with  eozoonio  nature  {Eozoon  Dawson).  In  the  genealogical 
line,  in  which  the  theory  of  evolution  or  descent  unites  all 
protoplasmic  beings,  there  is  no  place  for  Eozoon." 

Further,  not  a  single  one  of  all  the  specimens  of  Eozoon, 
which  I  studied,  came  from  the  hands  of  "dealers  or  injudicious 
amateurs,"  but  all  directly  or  indirectly  from  Messrs.  Dawson 
and  Carpenter.  This  I  have  said  repeatedly  in  my  paper.  I 
am  consequently  much  surprised  at  tne  words  of  Dr.  Dawson : 
"  The  memoir  of  Professor  Mobius  affords  illustrations  of  some 
of  these  difficulties  in  the  study  of  Eozoon." 

Why  should  Principal  Dawson  write  thus  about  my  memoir 
if  he  has  read  it  throughout  with  attention  and  understanding? 
It  bears  fuU  evidence  that  I  had  not  to  struggle  in  the  slightest 
degree  with  such  difficulties. 

But  Principal  Dawson  has  read  my  paper,  and  he  points  out 
two  errors  in  it,  viz :  1, 1  have  (on  p.  180)  taken  as  a  figure  of 
full  natural  size  a  very  large  specimen  of  Eozoon,  which  Prin- 
cipal Dawson  on  plate  III  of  his  "  Dawn  of  Life"  has  presented 
of  half  the  natural  size ;  2,  on  the  same  pt^e  I  say :  "  We  know 
specimens  of  Eozoon  which  have  more  than  fifty  whitish  and 
greenish  laminae,"  on  which  Mr.  Dawson  remarks,  that  they 
often  have  more  than  a  hundred. 

For  these  corrections  I  offer  m^  sincerest  thanks.  Other 
substantial  errors  he  has  not  mentioned.  If  he  will  do  so,  I 
shall  be  further  grateful  to  him.  For  if  in  a  paper  of  mine  an 
error  is  unveiled,  the  first  displeasure  I  feel  in  having  not  been 
careful  enough  to  avoid  making  a  mistake,  is  verjr  soon  effaced 
by  the  satisfaction  of  seeing  the  pure  and  certain  truth  come 
forth.  No  naturalist,  in  any  branch  of  science,  has  ever  dis- 
covered and  brought  out  at  once  the  whole  truth  in  all  directions. 
It  is  evident  that  those  two  mistakes  are  of  no  significance  in 
deciding  the  question  whether  Hozoon  Canadense  is  an  organism 
or  not 

But  Dr.   Dawson  writes  further  (p.   197):    "MSbius  has 
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had  access  merely  to  a  limited  number  of  specimens  min- 
eralized with  serpentine.  These  he  has  elaborately  studied, 
and  has  made  careful  drawings  of  portions  of  their  structures, 
and  has  described  these  with  8Qmfi-.deg*ee  of  accuracy;  and 
his  memoir  has  been  profusely  illustrated  with  figures  on  a 
large  scale.  This,  and  the  fact  of  the  memoir  appearing  where 
it  does,  convej  the  impression  of  an  exhaustive  study  of  the 
subject,  and  smce  the  conclusion  is  adverse  to  the  oi^nic  char- 
acter of  Eozoon,  this  paper  may  be  expected,  in  the  opinion 
of  many  not  fully  acquainted  with  the  evidence,  to  be  regarded 
as  a  final  decision  against  its  animal  nature.  Yet,  however 
commendable  the  researches  of  Mdbius  may  be,  when  viewed 
on  the  evidence  of  the  material  he  may  have  at  command,  thejr 
furnish  only  another  illustration  of  partial  and  imperfect  investi- 
gation, quite  unreliable  as  a  verdict  on  the  questions  in  hand." 

On  reading  these  lines  one  cannot  but  be  astonished  and  ask, 
whether  they  were  written  by  the  same  author,  who  said  a  few 
lines  before :  "  Professor  Mobius  is  a  good  microscopist,  fairly 
acquainted  with  the  modem  Foraminifera,  and  a  conscientious 
observer."  This  impression  he  must  also  have  gained  from 
my  paper  on  Eozoon  Canadense, 

Principal  Dawson,  in  saying  I  have  had  access  "  merely  to  a 
limited  number  of  specimens "  of  Eozoon,  should  have  stated 
exactly  how  many  specimens  are  to  be  studied  to  gain  a  con- 
clusive judgment  in  regard  to  its  real  nature.  It  has  often 
happened  that  biologists  and  paleontologists  have  had  not  more 
than  one  specimen  in  hand,  or  even  not  more  than  a  part  of  a 
specimen,  and  notwithstanding  they  were  in  a  position  to 
determine  surely  its  place  in  the  organic  kingdom.  He  says, 
further:  **M6bius  has  made  drawings  of  portions  of  the  structure 
of  Eozoon  ;"  he  does  not  state  what  structures  I  have  omitted. 
I  have  certainly  made  careful  drawings  and  descriptions  of  all 
the  Eozoon-structure,  which  according  to  Messrs.  Dawson  and 
Carpenter  corresponds  with  the  chambers,  the  communications 
between  them,  the  tubuli  of  the  proper  wall  of  the  chambers,  and 
the  canal-system  in  the  intermediate  skeleton  of  Foraminifera. 

Principal  Dawson  says  again  :  "  Mobius  has  described  these 
structures  with  some  degree  of  accuracy."  It  would  have  been 
more  satisfactory  if  he  had  pointed  out  the  imperfections  of 
my  descriptions,  each  one  for  itself  and  all  without  reserve.  I 
should  have  been  grateful  for  the  aid  in  improving  my  descrip- 
tions of  Eozoon. 

Principal  Dawson  evidently  apprehends  that  my  "profusely 
illustrated  "  paper  may  convey  tne  impression  of  an  exhaustive 
study  of  the  subject  That  was  indeed  my  purpose.  Has  he 
not  read  or  understood  my  remarks  (pp.  178  and  179)  in  r^ard 
to  the  necessity  of  many  good  drawings  of  all  the  structures  of 
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Eozoon  ?  Or,  had  he  in  writing  his  criticism  the  opinion  that 
it  would  be  read  by  those  only  who  would  never  see  my  paper 
itself? 

But  how  can  he  venture  to  say :  "  The  fact  of  the  memoir 
appearing  where  it  does  conveys  the  impression  of  an  exhausting 
study  of  the  subject?"  A  bad  paper  has  never  gained  the  con- 
tinued assent  of  the  public  through  the  fame  of  the  Journal  in 
which  it  appeared.  In  giving  my  paper  to  the  editors  of  the 
illustrious  **  Palaeontographica  "  1  had  by  no  means  the  inten- 
tion of  gaining  for  it  any  higher  opinion  than  it  deserves  by 
itsell  1  wished  to  bring  it  before  a  disinterested  and  judicious 
public;  besides,  I  knew  that  the  publisher  of  the  **ral8eonto- 
graphica  "  would  take  care  to  print  my  drawings  very  exactly, 
and  he  has  done  so. 

After  having  made  these  objections  in  general,  Principal 
Dawson  considers  "  a  number  of  errors  and  omissions  arising 
from  want  of  study  of  the  fossil  in  situ,  and  from  want  of  ac- 
quaintance with  its  various  states  of  preservation." 

If  Principal  Dawson  demands  that  nobodv  should  venture 
to  judge  of  the  nature  of  Eozoon  but  those  who  have  seen  it  in 
situ,  he  claims  in  favor  of  his  Eozoon  Oanadense  an  exception 
over  all  productions  of  the  accessible  world.  When  writing 
these  lines  he  overlooked  the  fact  that  Mineralogy,  Paleontol- 
ogy, Botany  and  Zoology  contain  a  very  great  number  of  uni- 
versally appreciated  memoirs  concerning  objects  which  the 
authors  have  never  seen  in  situ. 

It  was  my  intention  to  study  Eozoon  from  a  biological  point 
of  view,  which  is  indeed  shown  in  the  title  of  mv  memoir,  viz: 
**  The  structure  of  Eozoon  Canadense,  compared  with  that  of  Fora- 
miniferaj  by  my  own  investigations.^^ 

It  seems  strange  that  Principal  Dawson  quotes  in  his  criticism 
but  the  first  five  words  of  this  titla  Ii  it  were  actually  so 
short,  many  things  might  have  been  left  out  which  the  real  title 
promises.  For  my  purpose,  the  examination  of  Eozoon  from 
a  biological  point  of  view,  I  was  in  a  very  favorable  situation, 
because  a  very  large  number  of  specimens  of  Eozoon  Oanadense 
were  at  my  disposal,  which  Messrs.  Dawson  and  Carpenter 
had  sent  directly  to  me  or  to  other  naturalists. 

Can  I  now  be  reproached,  that  I  accepted  all  specimens  of 
Eozoon  as  genuine,  which  the  two  principal  defendants  of  its 
animal  nature  had  proved !  But  it  Principal  Dawson  means 
that  my  drawings  and  descriptions  were  insuflBcient  to  show  all 
variations  and  2l  degrees  of  preservation  of  his  Eozoon  Oana- 
dense, I  would  request  him  urgently  to  send  me  such  specimens 
as  will  enable  me  to  improve  my  researchea  I  shall  accept 
them  with  my  best  thants,  study  them  very  exactly,  and  will 
bring  all  I  shall  find  conscientiously  before  the  scientific  public. 
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On  p.  187  of  my  paper  I  say :  "  It  is  impossible  to  detect  in 
any  specimen  of  Eozoon  any  spot,  from  which  there  could  have 
originated  all  the  serpentine  bodies  of  this  specimen,  and  which 
therefore  might  agree  with  the  primary  chamber  of  Foraminif- 
era."  When  Mr.  Dawson,  in  alluding'  to  these  lines,  writes  (p. 
198):  "Mobius  objects  to  the  impossibility  of  detecting  regidar 
primary  chambers  like  those  in  modern  Foraminifera,  he  has 
interpolated  the  word,  ^^  regular"  for  the  sake  of  the  argument; 
he  adds :  ^*  Mdbius  seems  not  to  be  aware  that  some  Stroma- 
toporsB  originate  in  a  vesicular  irregular  mass  of  cells,  and  that 
in  Loftusia  the  primary  chamber  is  represented  by  a  merely 
cancellated  nucleus."  Prom  this  it  is  evident,  that  not  /,  but 
Mr.  Dawson  has  failed  here. 

He  says  further:  "With  reference  to  the  finely  tubulated 
proper  wall  of  Eozoon,  Mdbius  has  fallen  into  an  error  scarcely 
excusable  in  an  observer  of  his  experience,  except  on  the  plea 
of  insufficient  access  to  specimens.  In  writing  this,  Principal 
Dawson  omitted  to  state  that  I  studied  only  those  specimens  of 
Eozoon  which  had  come  from  him  and  Dr.  Carpenter,  and  that 
these  were  indeed  very  many  in  number.  I  beg  him  to  read 
again  the  explanations  of  my  drawings,  and  he  will  find  in 
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CeU-wall  of  Eokood,  when 
highly  magnified;  after 
J.  W.  Dawson. 

Tubuli  in  the  Eempten  mineral  (  x  220). 


manv  places  quoted:  **Nummuline  tubulation,"  written  from 
labels  by  Dr.  Carpenter  himself  on  the  figured  preparations. 
But  Dawson  agrees  exactly  in  regard  to  the  "Nummuline 
tubulation."  Both  Eozoonists  consider  the  ohrysotile  veins  as 
the  proper  wall  filled  with  fine  cylinders  of  silicate.  I  could 
not  detect  in  any  specimen  of  Eozoon  the  slightest  traces  of 
such  tubuli  as  Principal  Dawson  has  figured  in  '*The  Dawn  of 
Life"  (p.  106).  I  give  here  a  copy  of  this  figure  (1).  If  Eozoon 
did  indeed  contain  tubuli  of  such  organic  regularity,  we  should 
have  reason  enough  to  agree  with  him  in  considering  it  Foram- 
iniferal,  as  well  as  the  specimen  from  Kempten,  Bavaria,  which 
Principal  Dawson  advises  me  to  study  (p.  199).  I  can  assure 
him  that  I  did  so  before  I  wrote  my  memoir,  and  from  prepa- 
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rations  which  were  kindly  forwarded  to  me  by  Dr.  Hahn  at 
Reutlingen.    I  add  here  a  drawing  of  the  tubuli  in  a  slice  (fig.  2). 

Principal  Dawson  remarks :  '*  That  some  of  Mobius^s  speci- 
mens have  contained  the  proper  wall  fairly  preserved  is  obvious 
from  his  own  figures,  in  which  it  is  possible  to  recognize  both 
this  structure  and  the  chrysotile  veins,  though  confounded  by 
him  under  the  same  designation."  Why  does  he  not  state  what 
figures  these  are,  and  why  has  he  neglected  to  ^ve  a  copy  of 
them  in  his  review,  since  he  has  taken  some  otner  figures  of 
mine  as  evidence  of  the  foramini  feral  character  of  Eozoon? 

In  the  same  paragraph  Principal  Dawson  speaks  in  detail  of 
the  different  difficulties  met  with  in  distinguishing  the  minute 
tubes.  I  quote  his  own  words,  viz :  "  When  the  proper  wall  is 
merely  calcareous,  its  structure  is  ordinarily  invisible^  and  it  is 
the  same  when  the  calcareous  skeleton  has,  from  any  cause,  lost 
its  transparency,  or  has  been  replaced  by  some  other  mineral 
substance.  Even  in  thickish  slices,  the  tubes,  though  filled  with 
serpentine,  may  be  so  piled  on  one  another  as  to  be  indisUncV^ 
Inaeed  these  lines  are  quite  like  an  esoteric  Eozoon  mystery; 
but  every  true  natural  doctrine  only  contains  exoteric  theses. 

Principal  Dawson  speaks  of  my  description  of  what  he  calls 
the  "Canal  system."  He  urges  that  I  was  mistaken  in  think- 
ing that  round  and  regularly  branching  stalk-like  bodies  are 
rather  exceptional.  I  can  assure  him  that  I  have  found  in  all 
specimens  of  Eozoon  circulated  by  Dawson  and  Carpenter  al- 
most only  such  flat  and  irregular  branched  stalk-liKe  bodies 
as  I  have  illustrated  in  my  figures.  It  ought  to  be  admitted 
that  as  soon  as  the  first  objections  against  the  organic  character 
of  Eozoon  were  made,  Messrs.  Dawson  and  Carpenter  distributed 
only  good  specimens  of  Eozoon ;  and  it  would  be  very  strange, 
if  just  those  of  their  specimens  which  came  into  my  hands  had 
not  the  genuine  structure,  but  such  qualities  as  speak  against 
the  organic  nature  of  Eozoon. 

Principal  Dawson  brings  before  the  readers  of  his  criticism 
in  the  fibres  1  and  2  (p.  201),  two  of  my  drawings  of  the  stalk- 
like bodies  traversing  tne  associated  limestone  and  regarded  by 
Eozoonists  as  casts  of  canals.  He  has  chosen  just  those  which 
differ  very  little  from  figures  which  he  and  Carpenter  have 
added  formerly  to  their  descriptions  of  Eozoon.  Why  did  he 
not  copy  instead  of  these  figures,  drawings  of  the  many  isolated 
stalk -like  bodies  which  fill  up  the  "canal  systems"  and  to 
which  I  devoted  a  whole  plate?  And  why  does  he  not  speak 
of  those  of  my  drawings  which  present  the  casts  of  the  "canal 
systems"  colored  by  Fuchsin,  showing  beyond  doubt  that  these 
are  only  irregularly  curved  stalks  or  plates.. 

I  feel  sure  that  Mr.  Dawson  will  also  get  the  same  views  of 
the  real  fonns  of  the  "  canal  system "  if  he  will  only  employ 
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my  methods.  The  two  figures  which  he  has  chosen  oat  of  mj 
plates  can  only  serve  as  evidence  for  the  foraminiferal  nature 
of  Eozoon  to  those  readers  of  Mr.  Dawson's  criticism,  who  have 
never  had  my  memoir  in  their  hands.  In  selecting  these  two 
figures,  Mr.  iJawson  has  plainly  proved  that  his  views  as  to  the 
canal  nature  of  the  stalk-like  bodies  are  very  weakly  siipported. 

"  Another  objection  against  the  organic  nature  of  Eozoon," 
says  Principal  Dawson,  p.  200,  ^^  Mobius  takes  to  the  directions 
of  the  canals,  as  not  oeing  transverse  to  the  laminae,  but 
oblique."  Here  Mr.  Dawson  did  not  understand  me  rightly. 
I  say,  chapter  IV,  p.  184,  in  regard  to  the  fine  tubes  of  Foramini- 
fera  (which  are  regarded  as  resembling  the  chrysotile  fibers), 
that  they  are  usually  directed  transversely  to  the  inner  and 
outer  sides  of  the  chamber-wall,  and  I  show  this  by  figures  of 
Foraminifera,  for  instance,  by  the  figure  of  a  slice  of  a  Num- 
muline,  which  Dawson  has  copied,  fig.  4,  p.  201.  My  remark 
about  the  direction  of  the  fine  tubes  Mr.  Dawson  refers  to  his 
**  canal  system,"  to  which  it  does  not  belong  at  all.  It  is  there- 
fore not  i;  but  Mr.  Dawson^  who  makes  a  mistake. 

Paragraph  4  of  Principal  Dawson's  criticism  (p.  200),  b^ns 
with  the  words:  "A  fatal  defect  in  the  mode  of  treatment 
pursued  by  Mobius  is  that  he  r^ards  each  of  the  structures 
separately  and  does  not  sufBcientljr  consider  their  cumulative 
force  when  taken  together."  Principal  Dawson  has  either  not 
read,  or  not  understood,  chapter  Vl  of  my  memoir.  In  this 
chapter  my  only  object  was  to  compare  the  structures  of 
Eozoon,  as  a  whole,  with  the  structures  of  Foraminifera.  I 
am  convinced  that  I  could  not  better  explain  the  structure  of 
Eozoon  than  by  describing  first  each  structure  particularly, 
before  I  compared  them  all  together  with  the  Foraminifera; 
and  all  disinterested  biologists  and  paleontologists  will  agree 
that  there  is  no  better  method  of  treating  such  an  object 

Next  follows,  in  Dr.  Dawson's  criticism,  a  resK^mi  of  his  well- 
known  opinions  about  the  organic  nature  of  Eozoon.  I  will 
only  make  a  remark  about  one  of  the  eight  points  which  he 
makes.  He  says,  point  8 :  "  The  general  form,  lamination  and 
chambers  of  Eozoon  resemble  those  of  the  Silurian  Stromatopora 
and  its  allies,  and  of  such  modern  sessile  Foraminifera  as  Oar- 
penteria  and  Polytrema,^^  No  one  who  is  minutely  acquainted 
with  the  structure  of  Eozoon,  Stromatopora,  Carpenteria  and 
Polytrema  can  maintain  such  an  opinion.  If  Pnncipal  Daw- 
son had  only  compared  my  figures  of  Carpentaria,  Rhaphidoden- 
dron,  and  Polytrema  miniaceum,  closely  with  the  structures  of 
Eozoon,  he  would  certainly  not  have  made  this  statement. 

The  dear  old  Polytrema  1  Ever  since  the  celebrated  Pro- 
fessor Max  Schultze  said  that  it  resembled  Eozoon,  Polytrema 
has  served  ever  and  anon  as  evidence  for  the  organic  nature  of 
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Eozoon.  If  Max  Schultze  had  been  acquainted  with  the  struct- 
ure of  Eozoon  as  well  as  with  the  structure  of  Polytrema  his 
histological  genius  would  certainly  have  prevented  him  from 
making  such  an  assertion. 

Further  on,  Mr.  Dawson  reproaches  me  for  saying  that:  "Dr. 
Carpenter  and  Principal  Dawson  have  leaned  to  a  subjective 
treatment  6f  Eozoon,  representing  its  structure  in  a  somewhat 
idealized  manner."  Where  did  I  say  this?  On  p.  188  I  said 
about  their  diagrams  of  Eozoon:  "Carpenter  and  Dawson 
show  clearly  by  the  diagrams  of  Eozoon  Canad'ense  that  they 
assume  for  the  supposed  living  being,  which  has,  in, their  opin- 
ions, formed  the  shell  'of  Eozoon,  the  power  of  producing 
structures  of  organic  regularity."  And,  further,  I  say:  "The 
individual  pecularities  of  diagrams  should  not  exceed  the  lira- 
its  of  the  known  variability  of  the  real  specimens.  But  in  the 
Eozoon  diagrams  of  Carpenter  and  Dawson  these  limits  are 
exceeded."  These  are  my  woixls.  I  am  convinced  that  every 
naturalist  who  is  free  from  prejudice  will  agree  with  me  in 
remrd  to  Carpenter  s  and  Dawson's  diagrams. 

In  the  last  page  of  his  criticism  Mr.  Dawson  points  to  his 
"careful  examination  and  selection  of  specimens,  etc.,  of 
Eozoon,  in  comparison  with  the  works  of  otners  who  arrive  at 
conclusions  in  easier  ways,"  and  he  concludes  with  the  words : 
"  Taken  with  the  above  cautions  and  explanations,  the  memoir 
of  Professor  Mobias  may  be  regarded  as  an  interesting  and 
useful  illusiraiio7i  of  the  structures  of  Eozoon^  though  from  a  point 
of  view  somewhat  too  limited  to  be  wholly  satisfactory."  I 
here  warn  every  naturalist  who  has  not  seen  my  memoir,  not 
to  think  that  it  is  an  illustration  of  the  organic  nature  of  Eozoon. 

The  linal  result  of  my  paper,  that  the  Eozoon  can  not  be  a 
protoplastic  organic  formation,  will  be  maintained  until  Principal 
Dawson  declares  that  all  specimens  of  Eozoon  which  he  has 
given  away  are  not  genuine  representatives  of  his  Eozoon  Can- 
adense.  and  until  he  has  put  into  the  hands  of  naturalists  who 
are  well  acquainted  with  the  structure  of  Foraminifera  the 
genuine  representatives  of  his  Eozoon  Cdnadense^  which  shows 
that  organic  nature  sustained  by  Carpenter  and  himself.  If 
he  will  kindlv  send  me  such  representatives  of  his  Eozoon  Can- 
adense,  I  will  willingly  forgive  him  that  he  has  disappointed 
me  and  other  naturalists.  1  will  examine  those  genuine  speci- 
mens with  the  same  care  and  conscientiousness ;  and  if  I  find 
a  true  organic  structure,  I  will  avow,  without  hesitation,  that 
the  genuine  Eozoon  Canadense  was  an  animal.  The  aim  of  all 
my  researches  is  this:  not  that  I  should  be  the  one  to  find  the 
truth,  but  that  the  truth  should  be  found  and  brought  to  the 
light  No  error  will  be  changed  into  truth  by  constantly 
believing,  nor  by  persistently  declaring,  it  as  truth. 
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Art.  XXIX. — On  (he  Estherville^  Emmet  County,  Towa,  Meteorite 
of  May  lOrt,  1879 ;  by  Charles  XJpham  Shepard,  Emeritus 
Professor  of  Natural  History  in  Amherst  College. 

For  the  circumstances  attending  this  third  fall  of  aerolites  in 
the  State  of  Iowa  since  the  year  l&t7,  I  am  indebted  to  a  notice 

f)ublished  in  the  Chicago  Times  by  Mr.  S.  E.  Bemis,  and  to 
etters  from  Mr.  Howard  Graves  and  Mr.  Henry  Barber  of  Es- 
therville.* 

The  fall  occurred  at  5  P.  M.  on  the  10th  of  May,  attended  by 
a  terrible  explosion,  resembling  the  discharge  of  a  cannon,  only 
louder.  It  seemed  to  proceed  from  a  region  high  up  in  mid- 
air ;  and  was  followed  by  a  second  report,  more  like  a  heavy 
blast  This  again  was  succeeded  by  one  or  two  more  reports, 
that  may  have  been  echoes  of  the  two  first  Nearly  a  minute 
after,  a  rumbling  sound  was  heard,  apparently  passing  from 
the  northeast  to  the  southwest  The  sky  was  clear  at  the  time, 
or  only  a  few  fleecy  clouds  were  visible.  An  observer,  Mr. 
Charles  Ega,  looking  in  the  direction  of  the  report,  oould  see 
nothing  on  account  of  the  sun's  rays ;  but  following  with  his 
eye  the  direction  of  the  roaring  sound  that  succeeded,  he  saw 
dirt  thrown  hiffh  into  the  air  at  the  edge  of  a  ravine,  one  hun- 
dred rods  northeast  of  where  he  was  standing.  At  a  like  dis- 
tance, still  farther  away  in  the  same  direction,  a  similar  disturb- 
ance of  the  ground  was  seen  by  Mr.  Barber.  Another  witness, 
Mr.  S.  W.  Brown,  living  three-quarters  of  a  mile  distant,  being 
in  the  edge  of  a  wood,  and  having  his  eyes  directed  upward  at 
the  moment  for  the  inspection  of  some  oak  trees,  saw  a  red 
streak  in  the  heavens ;  and  while  looking  at  it,  the  explosion 
took  place.  It  appeared  to  him,  that  the  meteor  was  passing 
from  west  to  east ;  and  that  when  it  burst,  there  was  a  cloud  at 
the  head  of  the  red  streak,  which  darted  out  of  it  like  smoke 
from  a  cannon's  mouth,  and  then  expanded  in  every  direction. 
On  examining  the  ravine  where  a  body  was  seen  to  strike,  a 
hole  in  the  ground  was  discovered,  twelve  feet  in  diameter  and 
six  in  depth.  It  was  filled  with  water.  Within  this  hole,  at  a 
depth  of  fourteen  feet  below  the  general  surface  of  the  ground, 
the  large  mass,  weighing  four  hundred  and  thirty-one  pounds, 
was  found.  It  had  penetrated  a  stratum  of  blue  clay  to  the 
depth  of  six  feet,  before  its  progress  had  been  arrested.  The 
mass  measured  twenty-seven  inches  in  length,  by  twenty-two 
and  three-auarters  in  breadth,  and  fifteen  in  thickness.  Its 
surface  is  described  as  "fearfully  rough,"  with  ragged  projec- 
tions of  metal.  From  one  of  these  a  portion  was  detached,  and 
shaped  into  a  finger-ring.     After  much  searching,  there  have 

*  A  Bhort  notice  of  this  meteorite^s  fall,  by  Professor  8.  F.  Peckbam,  is  given 
on  page  77  of  this  yolume.— Eds. 


Digitized  by 


Google 


a  U.  Shepard—EstherviOe  Meteorite.  187 

since  been  found  in  the  immediate  vicinity  of  the  hole,  several 
smaller  masses,  varying  in  weight  from  one  to  eight  ounces; 
also  one  mass  of  four  pounds,  and  another  of  thirty-two. 

At  the  distance  of  two  miles  from  this  spot,  in  a  westerly 
direction,  a  mass  of  one  hundred  and  fifty-one  pounds  was  also 
discovered.  It  was  imbedded  in  a  dry,  gravellj  soil,  at  the 
depth  of  four  and  a  half  feet  This  specimen  is  m  the  posses- 
sion of  the  University  of  Minnesota  at  Minneapolis. 

Description  of  the  Meteorite, 

The  specimens  thus  far  received  (for  which  I  am  indebted 
to  Mr.  Graves),  though  numerous,  are  all  small,  the  largest 
weighing  only  147'7  grammes :  nevertheless,  accompanied  as 
they  are  with  a  general  description  of  the  main  masses,  they 
afford  the  means  of  arriving  at  a  tolerably  clear  conception  of 
the  general  character  of  this  very  remarkable  meteorita  It  is 
marKed  by  the  unusual  prevalence  of  chrysolite  and  meteoric 
iron,  the  former  probably  constituting  two-thirds  its  bulk ;  also 
by  the  size  ana  distinctness  of  the  chrysolitic  individuals, 
together  with  their  pretty  uniform,  yellowish-gray  or  greenish- 
black  color;  and  by  the  ramose  or  branching  structure  of  the 
meteoric  iron.  Nearlv  one-half  of  the  chrysolite,  however,  is 
more  massive,  approaching  fine  granular,  or  compact  Yet  in  this 
condition  it  is  suU  highly  crystalline,  and  difScultly  frangible. 
This  portion  is  of  an  asn-gray,  flecked  with  specks  of  a  dull 
greenish-yellow  color.  The  luster  is  feebly  shining.  It  is  without 
any  traces  of  decomposition ;  on  the  contrary,  it  is  throughout  a 
fresh,  undecomposea  crystalline  aggregate.  Especially  is  it  ob- 
servable, that  the  stony  portions  nowhere  present  traces  of  the 
oolitic,  or  semi-porphyritic  structure,  so  common  in  meteoric 
stones. 

The  mean  specific  gravity  of  four  examples  of  the  stony  por- 
tion was  found  to  be  8*86.  The  crust  upon  this  variety  is  of 
the  usual  thickness,  black,  without  luster,  and  much  wrinkled. 
One  of  the  fragments  shows  a  cavity  of  half  an  inch  area,  com- 
pletely lined  with  a  shining  dark-green  glass,  as  if  from  the 
perfect  fusion  of  chrysolite. 

The  meteoric  iron,  besides  being  in  ramose  branchea,  is  also 
in  enveloping  coatings  around  the  chrysolite,  somewhat  as  in 
the  Pallas  and  Atacama  irona  The  specific  gravity  of  this  ag- 
gregate, cleared  of  the  stony  part,  was  5*97 ;  that  of  the  large 
specimen  of  147*7  grams,  was  4*54.  The  presence  of  schrei- 
bersite  in  the  metal  is  apparent  to  the  naked  eye ;  also  traces 
of  the  Widman  figures  which  so  constantly  attend  its  presence, 
and  to  which  they  owe  their  production. 

A  very  remarkable  appearance  is  exhibited  by  the  meteoric 
iron  in  some  of  the  specimens.  It  is  the  bright  silvery  whiteness 
of  the  metal  where  it  forms  a  portion  of  the  exterior  of  the 
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stone.  It  appears  to  have  been  fused  and  is  surrounded  on  all 
sides  by  the  black  crust,  coming  from  the  stony  material.  It 
will  be  interesting  to  know  whether  this  character  prevails  over 
the  main  mass  from  which  these  fmgments  were  separated.  If 
such  should  be  the  fact,  it  would  give  us  a  second  case  in  which 
meteoric  iron  seen  to  fall,  reached  the  earth  in  the  possession 
exteriorly  of  a  high  metallic  luster.  The  other  instance  is  that 
of  the  Dickson  County  meteorite,  Tennessee,  July  80,  1886. 

The  chrysolite,  in  large  distinct  concretions  and  highly  crys- 
talline individuals,  deserves  a  particular  notice.  Some  of 
these  show  imperfect  crystalline  facets,  and  nearly  all  the  larger 
ones  possess  eminent  cleavages.  In  a  few  instances  they  are 
nearly  transparent  and  gem-like.  Specific  gravity  (on  0"77 
grams)  =  Z'bO. 

The  next  most  conspicuous  species  present  is  troilite.  This 
also  is  in  distinct  individuals,  sometimes  as  lar^e  as  a  pea.  It 
is  highly  crystalline,  rarely  presenting  splendent  crystalline 
facets,  whose  color  approaches  silver-white.  The  proportion  in 
which  it  exists  is  apparently  large,  and  may  equal  two  per  cent. 

Next  in  importance  comes  the  feldspathic  mineral,  presuma- 
bly anorthite.  It  is  highly  crystalline,  white,  lustrous  and 
nearly  transparent,  resembling  in  these  particulars  the  similar 
mineral  found  among  the  ejecta  of  Vesuvius. 

Among  the  specimens  are  two  very  distinct  examples  of  an 
opal-like  mineral  of  a  yellowish -brown  color,  which  I  take  to  be 
chassignite.  Its  luster  is  resinous,  structure  imperfectly  slaty, 
to  massive  and  conchoidal.  A  small  granule  of  chromite  oc- 
curs in  one  of  the  fragments  of  the  massive  chrysolite. 

Such  are  the  minerals  thus  far  distinguished,  in  the  Esther- 
ville  meteorite.  As  a  whole,  it  diflfers  widely  from  the  normal 
meteonc  stones.  These  differences  consist,  in  the  first  place,  in 
the  unusual  prevalence  of  a  chrysolite  similar  to  that  found  in 
the  meteoric  irons ;  secondly,  in  the  large  proportion  of  mete- 
oric iron  present,  and  in  the  manner  in  which  it  is  involved 
with  the  chrysolite;  thirdly  in  the  fresh  and  highly  crystalline 
condition  of  all  the  constituents  of  the  meteorite.  Notning  like 
an  aggregation  of  pulverulent,  ash-like  grains,  more  or  less 
rolled  into  oolitic  shapes,  so  common  in  meteoric  stones,  is 
discernible.  The  stony  portions  much  more  resemble  the  oli- 
vinic  rocks  of  extinct  volcanos,  particularly  those  of  the  Eifel 
district 

Judging  from  the  specimens  in  hand,  it  cannot  properly  be 
referred  to  any  group  of  meteoric  stones  with  which  we  are 
acquainted.  It  would  rather  appear  to  be  a  connecting  link 
between  the  Litholites  and  the  Lithosiderites,  though  it  may 
possibly  find  a  place  in  the  Eucritic  ^roup  of  the  former,  in 
which  case  it  would  form  an  order  by  itselt 

Xew  Hayen,  June  27,  1879. 
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Art.  XXX. — On  the  Color  Correction  of  Achromatic  Telescopes; 
by  Wm.  HARKNEsa 

Although  much  has  been  written  on  the  theory  of  the 
achromatic  telescope,  I  am  not  aware  that  any  attempt  has 
hitherto  been  made  to  treat  the  color  correction  rigorously  as 
a  function  of  the  wave  length  of  the  light;  and,  on  that 
account,  much  obscurity,  and  some  positive  error,  has  crept 
into  the  text  books  on  the  subject 

The  theory  given  in  the  following  pages  is  based  upon  funda- 
mental equations  which  neglect  the  thickness  of  the  lenses,  as 
has  always  been  done  heretofore,  and  which  suffice  to  give  the 
refractive  indexes  to  scarcely  more  than  four  places  of  decimals. 
All  the  subsequent  operations  upon  these  equations  are  rigor- 
ously accurate;  and  it  would  have  been  useless  to  attempt 
greater  precision  in  the  refractive  indexes,  wliile  the  thickness 
of  the  lenses  is  neglected.  As  achromatic  telescopic  objectives 
are  usually  composed  of  two  lenses,  rarely  of  three,  and  hardly 
ever  of  a  greater  number;  it  has  been  thought  sufficient  to 
write  the  equations  in  the  form  applicable  to  triple  objectives, 
but  no  difficulty  will  be  experienced  in  extending  them  to  a 
greater  number  of  lenses,  wnen  necessary. 

Our  fundamental  equations  are 

/A  =  a  +  br'  +  er'  (2) 

in  which 
/  =  the  principal  focal  distance  of  any  lens, 
/i  =  the  refractive  index  of  the  lens. 
r  =  the  radius  of  curvature  of  the  first  surface  of  the  lens. 
p  =  the  radius  of  curvature  of  the  second  surface  of  the  lens. 
A  =  the  wave  length  of  the  light. 
r  =  l-rA. 
a,  6,  c  =  certain  coefficients,  determined  from  not  less  than  three 

properly  situated  values  of  jx. 
Equation  (2)  is  Cauchy's  dispersion  formula.    Now  put 

-+~  =  A  (3) 

r    *    p  ^  ' 

and  suppose  a  series  of  lenses,  such  that 

-i  =  (/.,  -  1)A, ;  1  =  (/I.  -  1)A. ;  1  =  (//.- 1)  A,        (4) 

These  lenses  being  very  thin,  let  them  be  placed  in  contact  with 
each  other ;  and  let  the  equivalent  focal  distance  of  the  whole 
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combination  be/.    Then,  by  a  well  known  optical  theorem, 

i  =  (/i.-l)A,  +  (/i.-l)A.  +  {;i.-l)A,  (5) 

Substituting  the  values  of  fe^,  ft^  /i,,  from  equation  (2), 
putting 

C===A,K-n  +  A>-l)  +  A.(a.-l)   ) 
D==aX  +  AA  +  A^^^  \  (6) 

and  arranging  the  terms  according  to  the  powers  of  j-,  we  have 

•^=  C  +  Dy'  +  Ey*  ^^^ 

This  equation  expresses  the  relation  between  the  focal  dis- 
tance of  the  combination,  and  the  wave  length  of  the  light. 
It  shows  that  when  white  light  enters  an  objective  there  will 
generally  be  an  infinite  number  of  foci,  situated  one  behind 
the  other,  and  all  contained  between  the  two  values  of  /  which 
correspond  to  the  limiting  values  of  7*.  For  our  purpose,  how- 
ever, It  will  be  more  convenient  to  consider  /  as  the  ordinate, 
and  X  as  the  abscissa,  of  a  curve  which  we  will  designate  as  the 
focal  curve.  To  investiffate  its  properties,  we  diflferentiate  with 
respect  to/ and  7*,  and  obtain 

^=-2Kr(I>  +  2Ey')  (8) 

Putting  the  left  hand  member  of  this  expression  equal  to 
zero,  we  find 

Pifferentiating  (8)  a  second  time 

^  =  2fY{2D  +  4E;^/-/-(2D  +  12Ey«)  (10) 

Substituting  the  value  of  f  from  (9),  this  becomes 

^=*»/'  (") 

which  shows  that,  so  long  as  D  remains  positive,  the  curve  is 
convex  toward  the  objective,  and  the  value  of  y  given  by  equa- 
(9)  corresponds  to  the  minimum  focal  distance. 

An  achromatic  objective,  or  more  accurately,  and  with  greater 
generality,  a  corrected  objective,  is  one  in  which  all  rays  of  the 
kind  for  which  the  correction  is  made  are  brought  to  as  nearly 
as  possible  the  same  focus.  For  example ;  if  an  objective  is 
corrected  for  visual  purposes,  then  the  rays  which  produce  the 
greatest  effect  upon  tne  human  eye  must  all  be  brought  as 
nearly  as  possible  to  the  same  focus;  or,  if  the  objective  is 
corrected  for  photographic  purposes,  then  the  rays  which  act 
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most  energetically  upon  silver  bromo-iodide  must  all  be  brought 
as  nearly  as  possible  to  the  same  focus.  This  condition  will 
evidently  be  fulfilled  when  the  rays  in  question  have  the  min- 
imum focal  distance;  or  in  other  words,  when  they  satisfy 
equation  (9).  Thus  it  appears  that  this  equation  determines 
the  correction  of  the  objective,  and  for  that  reason  it  will  be 
called  the  achromatic  equation,  and  the  particular  value  of  y 
which  satisfies  it  will  be  designated  as  y^ 

To  find  the  relative  values  of  Aj,  A^  A,,  in  a  corrected 
objective,  we  substitute  in  (9)  the  values  of  D  and  E  from  (6). 
The  resulting  expression  for  the  middle  lens  is 

which  shows  that  this  lens  must  be  of  the  opposite  kind  from 
the  other  two, — ^that  is,  if  the  first  and  third  lenses  are  convex, 
the  middle  one  must  be  concave ;  or  vice  versa. 

To  find  the  equivalent  focal  distance  of  the  whole  combina- 
tion for  the  rayXi  W  gives 

D=*2E;/.*  (18) 

Substituting  this  in  (7) 

Beplacing  G  and  E  by  their  values  from  (6) 

•^•=A.(a -c,K.*-l)  +A.(a.-o.n*-l)  +A.(a.-c.n«-.l)    <^*> 

Substituting  the  value  of  A,  from  (12),  and  putting 

A.  1 

**~A 

L=(a;-1)(6  +2c.>';)-(a,-l)(i+2c.n*)+n*(V.--V.)  I  ^"^ 
we  obtain  finally 

•'•      A,(L+mM)  ^"' 

The  ordinate  of  the  focal  curve  for  the  ray  >l„  is  the  difference 
between  the  focal  lengths  of  the  objective  for  the  rays  A,  and 
k^.    To  find  it  we  have 

^-^={C+Dr,*  +  Ey/)-(C+Dr.')+Er,*)=D(y.«-y,')  +  (Ey/-r,«)  (18) 

and  putting^— ^=4/ij  ^^^^  becomes 

4r.=/./.|i-i}  (20) 
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Substituting  for  the  quantity  within  the  brackets,  its  value 
from  (18) ;  and  replacing  D  and  E  by  their  equivalents  from  (6) 

Substituting  the  values  of  A,  and  A,-r  A,  from  (12)  and  (16), 
and  putting 

P=ft,c.-V.  (22) 

we  obtain  the  important  expression 

4/; = ajjxy:  -  r:y  x+^         ^^^^ 

If  a  star  is  viewed  through  a  carefully  focused  achromatic 
telescope,  and  if  the  surface  in  the  focus  of  the  eye-piece  is 
designated  as  the  focal  plane :  then,  of  the  infinite  number  of 
images  which  equation  (7)  shows  will  be  formed,  some  will  be 
situated  before,  and  some  behind  the  focal  plane,  but  only  one 
will  coincide  exactly  with  it.  The  cones  of  rays  which  form 
the  images  situated  before  and  behind  the  focal  plane  will 
necessanly  have  a  sensible  diameter  at  their  intersection  with 
that  plane,  and  their  combined  effect  will  be  to  produce  a 
fringe  of  colored  light  around  the  image  of  the  star,  as  seen 
through  the  eye-piece.  This  fringe  is  the  secondary  spectrum, 
and  its  magnitude,  for  light  of  any  given  wave  length,  will 
evidently  depend  upon  the  value  of  J/y  Hence,  to  destroy 
the  secondary  spectrum,  Jf  must  be  made  equal  to  zero. 
Equation  (28)  shows  that  this  will  be  the  case  for  a  triple 
objective  when 

N  +  wP  =  0  (24) 

or  for  a  double  objective  when 

N  =  0  (26) 

As  yet  no  materials  have  been  discovered  whose  physical 
properties  are  such  as  to  satisfy  these  conditions.  We  there- 
fore proceed  to  investigate  what  form  an  objective  constructed 
of  any  given  materials  must  have  in  order  to  render  the  sec- 
ondary spectrum  a  minimum. 

Substituting  in  (23)  the  value  of  A^  from  (17),  we  find 

In  the  right  hand  member  of  this  equation,  n  is  the  only 
quantity  which  depends  upon  the  form  of  the  objective.  Con- 
sidering it  as  variaole,  and  differentiating,  we  obtain 

To  make  Jf  a  minimum,  such  a  yalue  must  be  attributed  to 
n  as  will  reduce  the  right  hand  member  of  (27)  to  zero.     This 
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condition  gives  at  once,  n=oo;  which  will  be  the  case  when  r 
and  p  are  both  infinite ;  as  is  evident  from  equations  (16)  and 
(8).  The  objective  is  then  reduced  to  two  lenses,  and  a  piece 
of  very  thin  piano-parallel  glass.  As  the  latter  cannot  appre- 
ciably affect  the  color  correction,  it  may  be  dismissed  from 
further  consideration ;  and  thus  it  appears  that  from  any  three 
pieces  of  glass  suitable  for  making  an  objective,  but  not  ful- 
filling the  conditions  necessary  for  the  complete  destruction  of 
the  secondary  spectrum,  it  will  always  be  possible  to. select  two 
pieces  from  which  a  double  objective  can  be  made  that  will  be 
superior  to  any  triple  objective  made  from  all  three  of  the 
pieces. 

The  focal  curve  being  tangent  to  the  focal  plane  at  the  point 
corresponding  to  the  wave  length  ^ ;  if  we  assume  the  spherical 
aberration  to  be  perfectly  corrected  for  light  of  all  degrees  of 
refrangibilitv ;  then  the  image  of  a  star  formed  upon  the  focal 
plane  by  light  of  wave  length  ^  will  be  a  point,  and  the  linear 
semi-diameter  of  the  image  of  the  same  star  formed  by  light  of 
wave  length  X^  will  be  the  semi-diameter  of  the  cone  of  rays  of 
that  wave  length  at  the  point  where  it  cuts  the  focal  plana 
Therefore  we  have 

/,:«::  J/,  :*;^  (28) 

in  which  a  is  the  semi-aperture  of  the  objective,  and  s^^  is  the 
required  semi-diameter  of  the  cone  of  ravs  of  wave  length  jl,. 
Combining  (28)  with  (26),  we  find 

si^  =  aiy:.yy^^^  (29) 

This  is  the  expression  for  a  triple  objective.  In  the  case  of 
a  double  one,  n  becomes  zero,  and  (29)  reduces  to 

which  shows  that  in  a  double  objective  properly  corrected  for 
any  given  purpose,  the  linear  semi-diameter  of  the  secondary 
spectrum  is  absolutely  independent,  both  of  the  fotjal  length  of 
the  combination,  and  of  the  curves  of  its  lenses ;  and  depends 
solely  upon  the  aperture  of  the  combination,  and  the  physical 
properties  of  the  materials  composing  it 

If  a  telescope  armed  with  an  achromatic  eye-piece  is  carefully 
focused  upon  a  star,  and  then  the  image  of  the  star  is  viewed 
through  a  prism  held  before  the  eye-piece;  it  will  be  seen  that 
the  eye  does  not  adjust  the  focal  plane  tangent  to  the  focal 
curve,  but  places  it  somewhat  further  from  the  objective,  in 
such  wise  that  the  plane  cuts  the  curve  in  two  points,  which 
we  will  designate  as  y^  and  7*,,.    For  these  points  we  must  have 

Am.  Joaa.  Sci.— Third  Sbribs,  Vol.  XVIII,  No.  105.— Sept.,  1879. 
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which  gives 

~  E 


-§  =  yj+;/.'  (32) 


But  by  (9)  we  have 
Combining  this  with  (82),  we  find 

r;  =  Ur^^+rn')  (34) 

which  gives  the  relation  between  y^  and  any  pair  of  points  at 
which  the  focal  plane  may  cut  the  focal  curve. 

We  have  next  to  consider  how  the  value  of  Yi^oslxi  be  found ; 
and  for  that  purpose  a  method  partly  arithmetical,  and  partly 
graphical,  seems  most  convenient.  The  data  required  are,  the 
values  of  Jf  for  a  number  of  diflTerent  values  of  y,  and  the 
relative  intensity  of  the  light  at  each  of  these  values  of  y. 
The  values  of  Jf  must  be  computed  by  means  of  equation 
(26);  and  the  relative  intensity  of  the  light  may  eitner  be 
determined  experimentally,  or  taken  from  published  tables. 
For  visual  intensity,  the  table  given  by  Fraunhofer  may  be 
employed;  and  for  photographic  intensity,  the  curves  pub- 
lished by  Captain  Abney  contain  all  that  is  required.  For  the 
sake  of  definiteness,  let  us  suppose  that  the  value  of  7*^  is  to 
be  determined  for  an  objective  corrected  for  visual  purposes. 
We  begin  by  laying  down  an  axis  of  abscissas,  and  graduating 
it  into  a  scale  of  wave  lengths.  Here,  however,  it  must  be 
observed  that  the  brightness  of  any  part  of  a  spectrum  depends 
not  only  upon  the  inherent  brightness  of  the  light  at  that 
point,  but  also  upon  the  degree  of  dispersion  employed.  As 
Fraunhofer's  determinations  of  the  relative  brightness  of  dif- 
ferent parts  of  the  s{)ectrum  were  made  with  a  fimt  glass  prism 
having  a  refractive  index  of  1'68  for  the  ray  D ;  and  as  such 
an  instrument  produces  much  greater  dispersion  at  the  violet 
end  of  the  spectrum  than  at  the  red  end;  it  follows  that  our 
scale  of  wave  lengths  must  be,  not  a  scale  of  equal  parts,  but 
such  a  scale  as  existed  in  the  spectrum  employed  by  Fraunhofer. 
The  wave  length  of  the  brigntest  ray  is  approximately  5688, 
and  through  that  point  in  the  scale,  and  at  right  angles  to  the 
axis  of  abscissas,  the  axis  of  ordinates  must  be  drawn.  Then, 
from  the  computed  values  of  4/^  a  sufiicient  number  of  points 
must  be  laid  down  to  determine  the  focal  curve,  and  that  curve 
must  be  drawn.  At  the  points  whose  wave  lengths  correspond 
to  the  principal  Fraunhofer  lines,  lines  must  be  drawn  through 
the  focal  curve,  parallel  to  the  axis  of  ordinates ;  the  length  of 
each  line  being  proportional  to  the  relative  brightness  of  the 
spectrum  at  the  pomt  where  it  is  situated,  and  the  center  of 
each  line  coinciding  accurately  with  the  focal  curve.     Through 
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the  extremities  of  these  lines  a  closed  curve  must  be  drawn. 
The  figure  thus  obtained  will  be  termed  the  illumination  dia- 
gram, because  it  exhibits  the  amount  and  distribution  of  the 
light  at  the  focus  of  the  objective.  The  eye  will  necessarily 
place  the  focal  plane  in  the  position  where  this  light  will  pro- 
duce the  greatest  effect  upon  the  retina;  which  is  equivalent 
to  saving  that  the  focal  plane  must  pass  through  the  center  of 
gravity  of  the  diagram.  Hence,  to  find  the  position  of  the 
focal  plane,  we  have  only  to  cut  out  the  diagram  (which  should 
be  drawn  upon  rather  stiff  paper),  and  balance  it  upon  a  knife 
edge  held  parallel  to  the  axis  of  abscissas.  The  reciprocals  of 
the  wave  lengths  of  the  points  of  intersection  of  the  knife  edge 
with  the  focal  curve  will  then  be  the  values  of  7*^  and  y%' 

The  method  just  explained  may  be  employed  to  determine 
the  difference  between  the  positions  of  the  principal  focus  of 
the  same  telescope  when  used  for  different  purposes.  For 
example,  if  it  were  rec^uired  to  find  the  interval  between  the 
visual  and  photographic  foci  of  a  telescope,  two  illumination 
diagrams  would  be  drawn — one  for  the  visual,  and  the  other 
for  the  photographic  rays — and  the  difference  between  the 
positions  of  the  focal  plane  in  the  two  diagrams  would  be  the 
required  difference  of  foci. 

As  the  magnitude  of  the  secondary  spectrum  of  a  star  is 
measured  by  the  semi-diameter  (at  the  point  where  it  intersects 
the  focal  plane)  of  the  cone  of  rays  having  the  maximum  focal 
distance ;  it  follows  that  in  an  objective  corrected  for  visual 
purposes,  the  secondary  spectrum  is  diminished  by  the  fact 
that  the  eye  places  the  focal  plane  somewhat  further  from  the 
objective  than  the  apex  of  the  focal  curve.  To  find  the 
amount  of  this  diminution,  we  remark  that  for  light  of  wave 
lengths  corresponding  to  the  points  where  the  focal  plane  cuts 
the  focal  curve,  the  semi-diameter  of  the  cone  of  rays  is  zero ; 
while  for  light  of  any  other  wave  length,  the  semi-diameter  of 
the  cone  of  rays,  at  the  point  where  it  intersects  the  focal  plane, 
is  proportional  to  the  distance  between  that  plane  and  the  point 
of  the  focal  curve  corresponding  to  the  wave  length  of  the  light 
Hence,  the  effect  of  moving  the  focal  plane  into  a  position 
further  from  the  objective  than  the  apex  of  the  focal  curve, 
will  be  to  diminish  sj^  by  a  constant  which  is  numerically 
equal  to  the  value  of  s^^  for  light  whose  wave  length  is  that  of 
the  point  at  which  the  focal  plane  intersects  the  focal  curve. 
Modifying  equation  (30)  in  accordance  with  these  principles,  it 
becomes 

,J'  =  a{{y,^  -  yy  -  (y^  -  y„y}  ^  (36) 

in  which  ;•„,  is  the  reciprocal  of  the  wave  length  corresponding 
to  either  of  the  two  points  in  which  the  focal  plane  cuts  the 
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focal  curve ;  and  sj^  is  the  semi-diameter,  at  the  point  where  it 
cuts  the  focal  plane,  of  the  cone  of  rays  whose  wave  length  is  Jl,. 

The  exact  nature  of  the  color  correction  of  a  telescope  can  be 
determined  bv  placing  the  focal  plane  in  a  number  or  different 
positions,  an(f  observing  the  corresponding  values  of  y^  and  7*^ 
These  values  being  substituted  in  equation  (84),  several  inde- 
pendent values  of  y^  can  be  deduced,  the  mean  of  which  will 
probably  be  very  near  the  truth. 

The  conclusions  reached  in  the  preceding  pages  may  be 
summed  up  as  follows: 

1st  From  any  three  pieces  of  glass  suitable  for  making  a 
corrected  objective,  but  not  fulfilling  the  conditions  necessary 
for  the  complete  destruction  of  the  secondary  spectrum,  it  will 
always  be  possible  to  select  two  pieces  from  which  a  double 
objective  can  be  made  that  will  be  superior  to  any  triple 
objective  made  from  all  three  of  the  pieces. 

2d.  The  color  correction  of  an  objective  is  completely  defined 
by  stating  the  wave  length  of  the  light  for  whicn  it  gives  the 
minimum  focal  distance. 

3d.  An  objective  is  properly  corrected  for  any  given  purpose 
when  its  minimum  focal  distance  corresponds  to  rays  of  the 
wave  length  which  is  most  efficient  for  that  purpose.  For 
example,  in  an  objective  corrected  for  visual  puiposes  the  rays 
which  seem  brightest  to  the  human  eye  should  have  the  mini- 
mum focal  distance;  while  in  an  objective  intended  for  photo- 
graphic purposes  the  rays  which  act  most  intensely  upon  silver 
bromoiodide  should  have  the  minimum  focal  distance. 

4th.  In  double  achromatic  objectives  the  secondary  spectrum 
(or  in  other  words,  the  diameter,  at  its  intersection  with  the 
focal  plane,  of  the  cone  of  rays  having  the  maximum  focal 
distance),  is  absolutely  independent  both  of  the  focal  length  of 
the  combination,  and  of  the  curves  of  its  lenses ;  and  depends 
solely  upon  the  aperture  of  the  combination,  and  the  physical 
properties  of  the  materials  composing  it. 

5th.  When  the  focal  curve  of  an  objective  is  known ;  and 
the  relative  intensity,  for  the  purpose  for  which  the  objective 
is  corrected,  of  light  of  everv  wave  length  is  also  known ;  then 
the  exact  position  which  tne  focal  plane  should  occupy  can 
readily  be  calculated. 

6th.  It  may  be  remarked  incidentally  that  in  an  objective 
corrected  for  photographic  purposes,  the  interval  between  the 
maximum  ana  minimum  focal  distances  is  less  than  in  one 
corrected  for  visual  purposes.  Hence,  a  photographic  objective 
has  less  secondary  spectrum,  and  is  better  adapted  to  spectro- 
scopic work,  than  a  visual  objective. 

Washington,  May  24,  18^9. 
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Art.   XXXL — Terminal  Moraines  of  the  Noi*th  American  Ice- 
Sheet;  by  Warren  Upham. 

[Continued  firom  page  92.] 

Beyond  Block  Island  the  extreme  terminal  moraine  does 
not  rise  above  sea-level  for  85  miles,  at  which  distance  in  a  direc- 
tion a  little  to  the  north  of  east  it  reappears  in  No  Man's  Land 
and  Gay  Head.  Heights  of  it  here  and  in  its  farther  extent  are 
as  follows :  No  Man's  Land,  about  150 ;  Gay  Head,  100  to  145  ; 
about  one  mile  east,  near  the  church,  185;  Prospect  Hill,  the 
highest  on  Martha's  Vineyard,  295 ;  Peaked  Hill,  a  mile  south 
from  the  last,  290 ;  other  hills,  reaching  from  these  five  miles  to 
the  northeast,  200  to  250 ;  Indian  Hill,  245 ;  Sampson's  Hill, 
on  Chappaquiddick  Island,  about  100 ;  highest  part  of  Tucker- 
nuck,  about  50;  Macy's  or  Pole  Hill,  the  highest  of  Saul's 
Hills,  91 ;  Folger's  Hill,  a  mile  east  from  the  last,  88 ;  and  San- 
katy  Head,  the  highest  point  of  Nantucket  Island,  105.  The 
cliffs  of  Gay  Head,  at  the  west  end  of  Martha's  Vineyard,  expose 
a  section  four-fifths  of  a  mile  long,  composed  at  the  top  of  the 
unstratified  terminal  moraine,  five  to  forty  feet  thick,  filled  with 
abundant  bowlders  of  all  sizes  up  to  twenty  feet  in  diameter. 
This  rests  on  fossiliferous  beds,*  probably  of  Miocene  Age, 
which  dip  from  20®  to  60®  northerly  throughout  the  section, 
and  present  a  most  striking  succession  of  brightly -colored  clays, 
sands  and  gravel,  varying  from  black  to  red,  brown,  gray  and 
white.  Gay  Head  townsnip,  reaching  three  miles  to  the  east, 
has  a  very  uneven  surface  of  glacial  drift  in  small  elevations 
and  depressions,  strown  with  frequent  bowlders,  but  apparently 
underlain  by  Tertiary  clay  and  sand  at  no  great  depth. 

In  the  next  eight  miles  this  moraine  fcrms  high  parallel 
ranges  of  hills,  very  irregular  in  contour,  which  extend  north- 
eastward through  Chilmark  and  the  northwest  part  of  Tisbury, 
occupying  a  width  of  one  to  three  miles.  Their  surface  is  gen- 
erally till,  with  very  abundant  bowlders;  but  occasionally,  as 
at  the  top  of  Prospect  Hill,  it  is  modified,  consisting  mainly  of 
water-worn  gravel  and  sand.  The  black,  red  and  white  Ter- 
tiary clays  underlie  these  deposits  in  the  hills,  and  are  exposed 
in  the  cliffs  along  the  northwest  shore  to  the  east  side  of  Lum- 
bard's  Cove,  eleven  miles  from  Gay  Head.  Upon  the  south 
side  of  Prospect  and  Peaked  Hills  they  extend  to  heights  225 
and  250  feet  above  the  sea. 

The  southeast  half  of  Martha's  Vineyard  consists  of  modified 
drift  without  bowlders,  lying  in  extensive  level  plains,  twenty- 
five  to  fifty  or  sixty  feet  above  sea.     Along  the  south  shore 

*  Described  in  Hitchcock's  Geology  of  Massachusetts,  1833  and  1841 ;  in  Lyell's 
Travels  in  North  America  in  1841-2,  vol.  i,  pp.  203-206;  and  in  this  Journal,  I, 
vol.  xlvi,  pp.  318-320. 
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these  plains  are  indented  by  numerous  ponds,  which  are  only 
separated  from  the  ocean  by  a  beach,  and  the  shores  of  the 
ponds  are  again  indented  by  long  and  narrow  arms  or  coves, 
from  the  head  of  which  dry  channels,  similar  to  those  described 
OD  Long  Island,  extend  across  the  plains  in  a  northerly  course. 
The  road  from  West  Tisbury  to  iJdgartown  crosses  several  of 
these  depressions,  one  of  which,  known  as  Quampaohy  Hollow, 
may  be  taken  as  an  exampla  This  starts  from  the  head  of 
Oyster  Pond,  a  narrow  arm  of  the  sea,  which  stretches  two 
miles  north  from  the  beach  by  which  it  is  now  ^hut  in.  The 
dry  hollow,  diminishing  from  twenty-five  to  ten  feet  in  depth, 
and  from  800  to  100  feet  in  width,  prolongs  this  valley  at  least 
three  miles  to  the  north.  Near  Vineyard  Haven  and  Oak 
Bluffs,  north  of  these  plains,  and  on  Chappaquiddick  Island, 
the  modified  drift,  sometimes  sprinkled  with  bowlders,  is  heaped 
in  gently  slopinff  hills,  50  to  100  feet  high,  which  appear  to 
have  been  formed  at  the  margin  of  the  ice-sheet 

Thence  the  line  of  terminal  moraine  is  continued  in  Muske- 
get  and  Gravelly  Islands,  which  however  are  only  low  banks 
of  gravel  and  sand.  On  Tuckerauck  Island  it  appears  again  in 
small  hills,  which  in  part  are  unstratified,  with  plenty  of  bowl- 
ders, the  remainder  being  modified  drift.  Nantucket  is  com- 
posed almost  wholly  of  stratified  gravel  and  sand.  The  line  at 
which  the  ice-sheet  appears  to  have  terminated  is  marked  in 
the  west  part  of  this  island  by  gently  undulating  hills,  forty  to 
fiftv  feet  high,  composed  of  stratified  drift,  which,  however, 
differs  from  that  of  the  plains  on  the  south  in  having  here  and 
there  bowlders  up  to  ten  feet  in  diameter  embedded  in  it  or 
lyinK  on  the  surfaca  The  course  of  this  line  is  from  Eel  Point, 
north  of  Maddequet  Harbor,  by  Trot's  Hills  to  the  town. 
Eastward  it  continues  on  the  same  course  in  the  Shawkemo  and 
Saul's  Hills  to  Sankaty  Head.  The  portion  of  this  series  called 
Saul's  Hills,  two  miles  long  and  a  half  mile  wide,  is  of  very 
irregular  contour,  with  steep  and  abruptly  changing  slopes, 
forming  hills,  ridges,  mounds  and  small  enclosed  oasms,  some 
of  which  contain  ponds.  The  material  is  stratified  gravel  and 
sand,  upon  and  in  which  are  scattered  bowlders,  varying  up  to 
ten  feet  in  diameter. 

Sankaty  Head,  at  the  east  shore  of  the  island,  affords  a  sec- 
tion across  this  range.*  A  quarter  of  a  mile  south  from  the 
light-house,  the  oraer  of  deposits,  beginning  at  the  base  is  as 
follows :  brown  sandy  clay  to  about  twenty  feet  above  sea ; 
ferruginous  sand  and  gravel,  four  feet;  white  sand,  four  feet; 
yellow  sand  enclosing  masses  of  blue  clay,  one  foot ;  ferrugin- 
ous gravel  and  sand,  with  abundant  shells,  two  feet ;  a  bed  of 

*  The  Post-pliocene  beds  at  the  base  of  this  section,  and  their  fossils,  are 
described  by  Professor  A.  B.  VerriU  and  Mr.  S.  H.  Scudder,  in  this  Journal,  in, 
voL  X,  pp.  364-376. 


Digitized  by  CjOOQ IC 


of  the  North  A  fnerican  Ice-Sheet.  1 99 

serpula,  mixed  with  sand,  about  two  feet;  gravel  and  sand 
again,  thickly  filled  with  shells,  two  feet ;  fine  white  sand,  about 
ten  feet;  the  common  yellow  sand  and  fine  gravel  of  the  modi- 
fied drift,  about  forty-five  feet,  its  top  being  at  ninety  feet ; 
coarse  gravel,  three  feet ;  ferruginous  sand,  one  foot ;  changing 
above  into  a  former  suriface  soil,  one  foot  thick;  overlain  by 
three  feet  of  dune  sand,  which  forms  the  present  surface, 
ninety-eight  feet  above  sea.  The  highest  part  of  the  bank  is 
midway  between  this  and  the  light-house.  From  a  compari- 
son of  the  species  contained  in  these  two  shell-beds,  Professor 
Verrill  estimates  that  the  temperature  of  the  sea  at  this  place 
was  lowered  15°  between  the  times  in  which  they  lived.  The 
layer  of  coarse  gravel  which  occurs  here  at  the  height  of  ninety 
feet,  is  continuous  for  a  half-mile  from  this  point  both  to  the 
north  and  south,  varying  from  three  to  eight  feet  in  thickness. 
About  half  of  its  rock-fragments  are  rounded,  these  being  of 
all  sizes  up  to  one  foot  through ;  the  rest,  which  are  rough  and 
angular,  range  up  to  two  feet,  and  rarely  to  four  feet,  in  diame- 
ter. This  bed  has  its  greatest  thickness  and  is  coarsest  at  the 
highest  portion  of  the  bluff,  where  it  closely  resembles  till. 
The  old  surface  of  black  soil  and  the  present  surface  of  dune 
sand  are  also  continuous  along  the  same  distance.  An  eighth 
of  a  mile  south  from  the  shell-beds,  the  blufi*  falls  to  a  hollow 
about  sixty  feet  above  the  sea,  and  in  this  depression  the  black- 
ened layer  becomes  a  bed  of  peat,  two  feet  thick,  containing 
numerous  stumps  and  roots  of  trees  and  covered  by  two  feet  of 
sand.  The  rocky  stratum,  the  old  surface  soil,  and  the  over- 
lying sand  thus  cap  the  bluff  for  more  than  a  mile,  in  which  its 
height  falls  from  105  feet  at  the  middle  to  about  S5  feet  at  each 
end.  Below  the  rocky  layer  it  consists  of  fine  modified  drift 
and  pre-glacial  beds.  This  succession  tells  of  a  period  when 
the  sea  had  about  its  present  temperature ;  next  it  becomes 
much  colder ;  sand  and  fine  gravel  are  accumulated  to  a  depth 
of  more  than  fifty  feet,  probably  brought  by  rivers  from  the 
summer-meltings  of  the  ice-sheet;  this  finally  reached  its  out- 
most limit,  overspreading  the  north  half  of  the  island ;  at  its 
retreat  the  coarser  materials  which  it  held  were  dropped;  for- 
ests sprang  up,  as  the  climate  became  mild  again  ;  and,  lastly, 
the  sea  has  eaten  away  the  east  portion  of  these  deposits,  while 
the  sand  of  its  shore  has  been  swept  by  the  wind  over  their 
top. 

The  whole-south  side  of  Nantucket  Island  consists  of  nearly 
level  plains  of  gravel  and  sand,  twenty  to  sixty  feet  above  the 
sea.  This  expanse,  reaching  more  than  ten  miles  from  west  to 
east,  with  a  width  varying  from  one  to  three  miles,  is  broken 
by  frequent  hollows  which  extend  approximately  from  north  to 
south,  like  those  already  noticed  on  the  similar  plains  of  Long 
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Island  and  Martha's  Vineyard.  Narrow  ponds,  to  the  number 
of  a  dozen  or  more,  having  the  same  heignt  with  the  ocean^  fill 
the  entire  course  of  these  depressions,  or  occupy  their  lower 
end  next  to  the  south  shore. 

The  iSecond  Terminal  Moraine, — ^A  later  series  of  morainic 
hills  extends  along  the  north  shore  of  Long  Island  for  forty- 
five  miles  eastward  from  Port  Jefferson  to  its  extremity  at 
Orient  Point  Their  heights  are  approximately  as  follows: 
Strong's  Neck,  close  east  of  Port  Jefferson,  100  to  200  feet ; 
Mount  Sinai,  at  school-house,  and  Miller's  Place,  each  about 
150;  Noah  Jones*  Hill,  IJ  miles  east  from  Miller's  Place,  200; 
Pine  Hill,  one  mile  farther  east,  175;  Blue  Point  Hills,  one 
mile  southeast  from  last,  150;  hiUs  near  Wading  River  vil- 
lage, 150  to  200,  the  highest  of  which,  at  Mr.  D.  M.  Tuthill's,  a 
mile  east  from  the  village,  Commands  a  very  fine  view ;  hills, 
partly  of  dune  sand,  north  of  Baiting  Hollow,  known  by  the 
names  of  "Horse  in  the  Bank,"  Bfortou's  Bluff,  and  Friar's 
Head,  about  150;  at  Northville,  125;  Jacob's,  Cooper's  and 
Mattituck  Hills,  125  to  150 ;  Manor  Hills,  extending  east  from 
Mattituck  Inlet,  100  to  150;  Horton's  Point,  70;  highest 
points  for  the  next  seven  miles,  extending  by  Greenport,  aoout 
50;  Brown's  Hills,  north  of  Orient,  110  and  160.  East  from 
the  light-house  on  Horton's  Point,  these  deposits,  though  not 
rising  in  prominent  hills  except  at  Orient,  are  in  many  places 
unstratified,  with  an  abundance  of  large  angular  bowlders, 
which  are  of  all  sizes  up  to  twenty-five  feet  in  diameter.  This 
terminal  moraine  overlies  stratified  gravel,  sand  and  clay, 
which  contain  no  bowlders ;  as  is  well  shown  in  the  bluffs,  50 
to  100  feet  high  at  the  north  side  of  Brown's  Hills,  where  the 
very  coarse  morainic  till  is  five  to  twenty  feet  thick,  and  forms 
the  entire  surface  of  these  hills.  The  last  two  miles  of  this 
shore  from  near  Brown's  Point  east  to  Orient  Point,  are  all 
stratified  gravel  and  sand  twenty  to  forty  feet  high,  strown  in 
only  a  few  places  with  bowlders ;  being  a  part  of  the  plains 
which  skirt  the  south  side  of  the  moraina  Its  hills  probably 
once  existed  here  at  a  little  farther  north,  but  they  have  been 
washed  away  by  the  sea.  The  same  action  is  apparent  through- 
out the  whole  extent  of  this  series  on  Long  Island,  so  that 
many  of  these  hills  have  lost  more  or  less  from  their  north  side, 
and  stand  as  half*ei^ded  barriers  which  are  still  falling  slowly 
before  the  encroachment  of  the  waves.  The  greater  portion  of 
this  series,  extending  more  than  thirty  miles  from  Port  Jeffer- 
son to  Horton  8  Point,  is  composed,  like  the  extreme  moraine 
on  the  south,  of  obliquely  stratified  sand  and  coarse  gravel, 
with  occasional  bowlders,  which  are  sometimes  of  enormous 
size.  One  of  these,  about  thirty  feet  long,  lies  at  the  north 
side  of  the  road,  IJ  miles  west  from  Wading  River.     Two 
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others  of  equal  size  are  seen  close  to  the  road  in  Setauket  vil- 
lage. The  largest  block  yet  found  on  Long  Island  lies  much 
farther  west,  at  about  a  mile  southeast  from  Manhassett,  and  is, 
according  to  measurement  by  Mr.  Lewis,  fifty-four  feet  long, 
for^  feet  wide,  and  sixteen  feet  high. 

This  later  moraine  is  separated  six  to  ten  miles,  on  Long  Isl- 
and, from  that  formed  at  the  extreme  line  reached  by  the  ice- 
sheet,  and  the  area  between  them  is  occupied  by  extensive 
plains,  the  Peconic  Bay»,  and  Shelter  Island.  This  series  of 
plains  resembles  that  of  southern  Long  Island,  in  that  both 
slope  southward  from  terminal  moraines  on  their  north  side, 
and  are  alike  crossed  by  ancient  water-courses  which  are  now 
dry.  The  plains  associated  with  the  second  terminal  moraine 
begin  at  Syosset,  about  twenty-five  miles  west  from  Port  Jef- 
ferson, and  it  is  not  improbable  that  the  second  moraine  may 
be  represented  in  the  irregularly  scattered  hills,  composed  of 
modified  drift  with  bowlders  here  and  there,  which  lie  at  their 
north  side  along  this  distance.  For  the  first  ten  miles  the 
plains  vary  from  one  to  two  or  three  miles  in  width,  having  a 
neight  from  100  to  about  150  feet  above  sea.  Their  greatest 
altitude  appears  to  be  at  East  Northport  station.  Here  they 
pass  beyond  the  north  spur  of  the  Dix  Hills  and  expand  to  the 
south,  attaining  a  width  of  five  miles,  which  continues  without 
much  variation  to  Riverhead.  In  Smithtown  considerable  por- 
tions of  these  plains  have  been  removed  by  the  erosion  of 
streams  since  the  Glacial  period.  Their  height  along  their 
north  side  here  and  in  Brookhaven  is  150  to  100  feet  above 
sea,  from  which  the  general  slope  southward  is  about  ten  feet 
to  the  mile.  Near  the  east  line  of  Brookhaven  is  a  notable 
series  of  ponds,  reaching  fi>ur  miles,  and  lying  in  depressions  of 
one  of  tne  old  lines  of  drainage.  These  are  called  the  West 
Row  Ponds,  and  are  known  in  their  order  from  north  to  south 
as  Long  Pond,  Big  and  Little  Tar-kiln,  Pease's,  Duck,  Sandy, 
Grass,  and  Jones'  ronds,  extending  to  the  Peconic  River  at  a 
mile  west  from  Manorville.  Two  miles  eastward  in  Riverhead 
are  the  East  Row  Ponds,  a  similar  series,  including  in  the  same 
order  the  two  Jackson  Ponds,  Ice,  Worthington  and  Fox  Ponds. 
Northeast  from  Fox  Pond  is  a  tributary  series,  including  Sand, 
Mud  and  Cranberry  Ponds.  Several  other  valleys,  not  con- 
taining ponds  and  of  similar  character  with  those  of  the  south- 
em  plains,  extend  southward  from  the  vicinity  of  Baiting  Hoi- 
low  and  Noithvilla  On  the  north  branch  of  the  island  these 
plains  diminish  from  four  miles  to  about  one  mile  in  width, 
their  height  being  sixty  to  thirty  feet  at  the  north,  from  which 
they  slope  to  the  shores  of  Peconic  and  Gardiner's  Baya  The 
hilly  character  of  Shelter  Island,  which  varies  from  50  to  about 
180  feet  in  height,  being  composed  of  stratified  sand  and  gravel 
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with  occasional  bowlders,  indicates  that  it  was  of  similar  origin 
with  the  hills  of  modified  drift  in  the  two  moraines  between 
which  it  lies.  During  the  retreat  of  the  ice-sheet  it  would 
appear  that  exceptionally  large  deposits  were  accumulated  by 
its  rivers  here  and  at  Gardiner's  Island. 

The  continuation  of  the  second  moraine  beyond  Orient  Point 
is  to  the  east-northeast  in  Plum  and  Fisher's  Islands,  and  from 
Watch  Hill  through  the  south  part  of  Westerly,  Charlestown 
and  South  Kin^town  in  Bbode  Island,  to  near  Point  Judith. 
On  Plum  Island  it  forms  hills  about  100  feet  high,  abundantly 
covered  with  bowlders ;  but  a  considerable  tract  on  the  south 
side  of  this  island  is  a  low  plain  of  modified  drift,  free  from 
bowlders  and  sloping  southward.  Oull  Island  is  a  remnant  of 
this  plain  which  was  formed  in  front  of  the  terminal  moraine. 
Fisher's  Island,  about  seven  miles  lone,  is  a  conspicuous  rem- 
nant of  the  moraine,  being  composed  of  the  same  coarse  glacial 
drift  with  Brown's  Hills  and  Plum  Island.  Its  elevations  vary 
from  100  to  nearly  200  feet  in  height,  the  most  prominent  being 
Mount  Prospect,  North  Hill,  and  Chocomount  Portions  of 
the  low  plains  are  preserved  on  its  south  side  for  a  mile  from 
its  west  end,  and  again  for  a  third  of  a  mile  between  two  ponds 
near  the  middle  of  the  island. 

In  the  State  of  Rhode  Island  this  moraine  is  well  developed 
for  seventeen  miles,  and  its  whole  course  may  be  finely  seen 
from  the  carriage  road  in  going  from  Watch  Hill  through 
Charlestown  and  Perryville  to  Wakefield.  After  the  first 
three  miles,  which  are  mostly  on  the  north  side  of  the  range, 
this  road  lies  for  fifteen  miles  at  the  south  foot  of  these  hills, 
which  are  so  irregular  and  broken  in  contour  and  so  rough 
with  their  profusion  of  bowlders  that  they  cannot  fail  to 
impress  the  observer  with  the  remarkable  features  of  an  entirely 
unmodified  terminal  moraine.  The  width  of  this  series  of 
deposits  is  from  one  to  two  miles,  and  some  of  its  highest  points, 
not  noticeable  from  this  road,  consist  of  stratified  gravel  and 
s&nd  without  bowlders.  Such  are  Chin  and  Cranberry  Hills  in 
Westerly,  and  the  tops  of  Indian  Burying  and  Sand  Hills  in 
Charlestown.  These  rise  100  to  150  feet  above  sea,  and  prob- 
ably no  points  of  the  range  reach  to  200  feet  Fort  and  Vil- 
lage Hills  in  Westerly,  the  "  Old  Mountain"  and  Bunker  Hill 
in  Charlestown,  and  Broad  Hills  in  South  Kingstown,  are 
unmodified  portions  of  this  series.  The  margin  of  land  on  its 
south  side,  averaging  perhaps  a  mile  in  width,  consists  mainly 
of  gently  undulating  modified  drift,  with  occasional  bowlders, 
its  only  expanse  in  plains  being  for  about  three  miles  in  the 
southeast  part  of  Charlestown.  Within  one  to  two  miles  north- 
east and  east  from  Perryville,  several  ponds  occur  among  the 
hills,  ridges  and  knolls  of  the  moraine.     At  this  part  of  its 
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course  it  appears  to  turn  to  the  southeast,  passing  into  the  sea 
two  miles  west  of  Point  Judith.  This  angle  corresponds  to  a 
similar  one  which  was  probably  formed  in  the  extreme  moraine 
at  Block  Island,  whence  it  also  seems  to  have  extended  first  to 
the  southeast,  in  which  direction  very  rocky  fishing-ground  is 
found  at  a  distance  of  ten  miles  from  that  island. 

The  next  appearance  of  the  northern  moraine  is  in  the  Eliza- 
beth Islands,  where  the  position  of  Cuttyhunk,  Penikeae  and 
Nashawena  Islands  corresponds  to  that  of  No  Man*s  Land,  Gay 
Head  and  the  hills  of  Chilmark  in  the  southern  moraine,  indi- 
cating that  angles  occur  again  in  them  both,  respectively  at 
Penikese  and  at  Gay  Head.  Heights  of  the  later  moraine  on 
the  Elizabeth  Islands  and  Cape  Cod,  are  as  follows :  highest 
portion  of  Penikese,  about  100  feet;  of  Cuttyhunk,  Nasha- 
wena,  Pasque  and  Naushon  Islands,  about  175 ;  the  Quisset 
Hills,  west  of  Falmouth  village,  about  150 ;  station  of  the  Uni- 
ted States  Coast  Survey,  a  mile  east  of  West  Falmouth,  198 ; 
the  Ridge  Hills,  extending  thence  to  the  angle  of  this  series 
near  North  Sandwich,  150  to  200  feet ;  southwest  from  Sand- 
wich village,  about  226 ;  Bourne's  Hill,  a  Coast  Survey  station, 
two  miles  south-southeast  from  Sandwich,  the  highest  point  of 
the  whole  series,  297 ;  the  Discovery  Hills,  including  the  last 
and  extending  eastward,  250  to  150;  Shoot  Flying  Hill  in 
Barnstable,  about  200;  German's  Hill  in  Yarmouth,  188; 
Scargo  Hill  in  Dennis,  166;  railroad  summit  at  Brewster  sta- 
tion, 125;  and  Mill  Hill  in  Orleans,  about  150. 

This  moraine  forms  the  entire  chain  of  the  Elizabeth  Islands, 
fifteen  miles  long,  with  an  average  width  of  one  mile.  Their 
contour  throughout  is  very  irregular  in  roughly-outlined  hills 
and  ridges  of  variable  height,  enclosing  many  crooked  and 
bowl -shaped  hollows,  which  often  hold  small  ponds.  Their 
material  is  glacial  drift  with  abundant  bowlders  of  all  sizes  up 
to  twenty  or  thirty  feet  in  diameter.  The  surface  exhibits  afi 
the  characteristic  features  of  the  upper  till,  being  loose,  yellow- 
ish in  the  color  of  its  detritus,  ana  with  its  bowlders  almost 
invariably  angular.     This  deposit  also  appears  to  form   the 

S eater  part  of  the  cliffs  upon  the  shores  of  these  islands.  At 
e  northeast  end  of  Naushon,  however,  in  deepening  an  old 
well  from  forty-five  to  sixty-seven  feet,  only  the  aark  and  com- 
pact lower  till,  or  ground-moraine,  was  found. 

The  trend  of  this  chain  of  islands  is  about  east-northeast,  but 
on  the  peninsula  of  Cape  Cod  the  same  belt  of  hills,  continuing 
with  its  width,  contour  and  material  unchanged,  bends  within 
a  few  miles  to  a  course  nearly  due  north.  A  railroad  cutting 
thirty  feet  deep  in  these  deposits  near  Wood's  Hole,  and  shal- 
lower sections  on  the  Quisset  Hills,  show  two  or  three  feet  of 
yellowish  till  at  top  succeeded  below  by  light  gray  till,  equally 
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coarse  but  apparently  more  compact,  with  some  of  its  frag- 
ments planed  and  striated.  The  latter  was  probably  accumu- 
lated beneath  the  ice-margin,  while  the  former  was  dropped  by 
its  melting.  After  holding  its  way  northward  ten  or  twelve 
miles,  reaching  to  a  point  about  a  mile  south  of  North  Sand- 
wich, the  range  turns  at  a  right  an^le  to  a  course  a  few  degrees 
south  of  east  Some  portions  of  it  in  this  vicinity  are  strown 
with  bowlders,  but  mainly,  as  shown  on  the  roads  which  cross 
these  hills  southwest  and  south  from  Sandwich  village,  at  the 
highest  portion  of  the  entire  series,  they  consist  of  stratified 
gmvel  and  sand,  with  bowlders  rare  or  entirely  wanting.  There 
IS  also  a  change  to  a  more  simple  contour,  with  fewer  irregular 
hills  and  hollows.  From  its  angle  the  range  extends  a1x)ut 
thirty -five  miles  to  the  east  shore  of  the  cape.  Through  Sand- 
wich and  Barnstable  it  lies  about  a  mile  south  of  the  railroad, 
consisting  in  the  latter  town  of  hills  100  to  200  feet" high,  appa- 
rently formed  of  modified  drift,  with  frequent  bowlders  emoed- 
ded  in  it  and  scattered  upon  its  surface.  In  Yarmouth  the 
series  is  somewhat  broken,  and  the  railroad  crosses  it  upon  a 
sand  plain  a  little  west  of  German's  Hill  South  of  Dennis  Pond 
and  for  one  and  a  half  miles  northeast  from  German's  Hill  to 
Follin's  Pond,  it  is  very  well  shown  in  exceedingly  rocky,  low 
hilla  Next  it  appears  to  suflfer  an  offset  of  about  two  miles  to 
the  north,  being  represented  by  Scargo  Hill,  which  is  modified 
drift  with  only  few  bowlders.  Thence  it  runs  a  little  north  of 
east  six  miles  to  Brewster  station,  where  it  is  again  crossed  by 
the  railroad.  Through  most  of  this  distance  it  is  very  rocky, 
some  of  its  blocks  being  twenty  to  thirty  feet  or  more  in  diam- 
eter. Its  further  course  is  mostly  modified  drift  with  occa- 
sional bowlders,  passing  east-northeast  to  Mill  Hill,  Orleans 
village,  and  the  southeast  side  of  Town  Cove,  beyond  which  it 
is  concealed  beneath  the  ocean. 

The  angle  of  this  range  at  North  Sandwich  shows  that  the 
portion  of  the  ice-sheet  on  the  west  and  that  on  the  east. pushed 
against  each  other  here,  the  motion  and  slope  of  each  being 
directed  toward  its  line  of  frontal  moraina  The  medial  moraine 
produced  where  their  slopes  came  together  north  from  the  angle 
of  their  terminal  line,  is  presented  in  Rocky,  Manomet  and 
Pine  Hills,  which  form  a  gigantic  ridge  in  the  east  part  of  Ply- 
mouth, four  miles  long  from  north  to  south,  with  a  continuous 
height  800  to  400  feet  above  the  sea.  Abundant  angular 
bowlders  of  all  sizes  up  to  twenty  feet  in  diameter  strow  its 
surface.  At  the  north  end  of  this  ridge  the  sea  has  under- 
mined its  base,  forming  a  steep  slope  sixty  feet  in  height  A 
section  here  showed  twenty  feet  of  upper  till,  yellowisn,  with 
abundant  large  and  small  bowlders,  nearly  all  of  them  angular, 
underlain  by  lower  till,  dark  bluish  gray,  with  small  glaciated 
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stones,  exposed  for  twenty  feet  vertically  but  concealed  below. 
The  bed  of  bowlders  which  forms  the  shore  at  this  point  came 
mostly  from  the  upper  stratum,  and  their  sharp  comers  and 
edges  have  since  been  worn  away  by  the  waves. 

On  Cape  Cod,  as  on  Long  Island,  Martha^s  Vineyard  and 
Nantucket,  we  find  south  of  the  line  of  morainic  hills  an  area 
of  stratified  gravel  and  sand  without  bowlders,  forming  exten- 
srive  plains  which  slope  very  cently  southward.  These  are 
fully  ten  miles  wide  from  nortn  to  south  in  Sandwich,  Pal- 
mouth  and  Mashpee,  and  thence  to  the  east  they  have  an  aver- 
age width  of  five  miles.  From  the  southwest  limit  of  this 
area  at  Falmouth  village,  the  traveler  who  follows  the  road 
along  the  south  side  of  the  cape  for  thirty  miles  sees  only  level 
plains,  twenty-five  to  forty  feet  above  the  sea,  with  occasional 
hollows  and  valleys,  most  of  which  are  occupied  by  ponds  and 
brooks.  The  north  edge  of  this  area,  next  to  tne  terminal 
moraine,  consists  of  more  elevated  plateaus,  50  or  75  to  200 
feet  in  height  From  this  line  there  is  a  continuous  slope 
southward,  scarcely  perceptible,  but  declining  in  the  five  to  ten 
miles  of  its  extent  to  within  twenty -five  to  forty  feet  above  sea. 
This  north  portion  of  the  plains  is  marked  by  frequent  hollows 
of  large  extent,  which  contain  ponds  60  to  100  feet  below  the 
general  surfaca  A  fine  idea  of  the  slope  of  this  deposit  of 
modified  drift  is  obtained  in  a  journey  from  Sandwich  to  Green- 
ville, Ashunet  Pond  and  Falmouth.  The  ascent  of  200  feet  or 
more  from  sea-level  to  the  highest  point  of  the  road  is  accom- 
plished in  two  miles,  bringing  us  to  a  point  where  Bourne's 
Hill,  the  highest  on  Cape  Cod,  is  within  a  half  mile  to  the  east; 
while  close  at  the  west  is  the  Great  Hollow,  about  100  feet 
deep  and  perhaps  a  half-mile  wide,  enclosed  on  all  sides  by  the 
hills  and  high  plains.  Without  descending  more  than  twenty 
feet  below  its  nighest  point,  the  road  next  enters  on  a  plain  of 
gravel  and  sand,  and  tuence  extends  seven  miles  before  cross- 
m^  the  first  hollow  which  is  at  Ashunet  Pond.  Beyond  this 
pomt  it  crosses  numerous  depressions  that  are  or  have  been 
water-courses;  but  there  is  no  break  in  the  continuity  of  the 
plains,  which  in  about  twelve  miles  descend  by  a  gradual  slope 
from  the  height  of  200  feet  to  sea- level. 

These  plains  of  Cape  Cod  are  also  like  those  previously 
described  in  being  indented  by  narrow  arms  of  the  sea  which 
reach  one  to  two  miles  inland,  filling  the  lower  end  of  long 
depressions  that  continue  across  the  plains  to  the  north,  being 
eitner  dry  or  occupied  by  small  streams.  These  channels  are 
best  shown  on  Cape  Cod  in  Falmouth  and  eastward  to  Cotuit 
harbor,  being  in  the  region  directly  south  from  the  angle  of 
the  terminal  moraine  and  from  its  highest  hills,  which  in  this 
portion  of  its  course  are  composed  mainly  of  modified  drift; 
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in  other  words,  they  occur  most  abundantly  where  the  drainage 
from  the  melting  ice-sheet  must  have  been  greatest,  including 
all  the  floods  poured  down  from  the  ice-fields  along  the  line 
between  Falmouth  village  and  North  Sandwich,  those  that  con- 
verged toward  the  angle  of  the  ice-margin,  and  those  which 
brought  down  its  vast  frontal  hills  of  gravel  and  sand  along 
several  miles  eastward. 

Extensive  portions  of  the  terminal  moi-aines  were  deposited, 
as  we  have  seen,  by  rivers  which  flowed  from  the  surface  of 
the  melting  ice  when  a  warmer  climate  returned.  On  the  south 
side  of  these  the  plains  have  their  greatest  width  and  height, 
while  on  the  north  we  also  find  extended  areas  of  modSed 
drift,  which  show  that  the  glacial  floods  continued  to  be  poured 
down, to  the  same  portions  of  the  fce-marmn  during  its  retreat 
Thus  on  Long  Island  the  area  north  of  the  extensive  moraine 
from  the  Narrows  to  Roslyn  consists  almost  wholly  of  undulat- 
ing unmodified  drift  with  abundant  bowlders,  while  farther 
eastward  it  is  stratified  gravel  and  sand  with  few  bowlders. 
Wherever  angles  occurred  in  the  terminal  front  of  the  ice  its 
surface  had  converging  slopes,  which  would  be  likely  to  pro- 
duce extraordinary  fluvial  deposits.  This  may  explain  the 
origin  of  the  thick  beds  of  stratified  drift  which  form  nearly 
the  whole  of  Block  Island,  and  of  the  plains  in  South  Kings- 
town, R  L,  which  extend  six  miles  north  from  the  angle  of  the 
second  moraine,  reaching  from  Tucker's  and  Worden  s  Ponds 
to  the  north  line  of  the  township.  The  plains  south  of  the 
moraines  at  their  angles  near  Vineyard  Haven  and  North  Sand- 
wich are  notably  due  to  the  debouchure  of  glacial  rivers  at 
these  points;  and  when  the  ice-sheet  retreated  from  its  second 
moraine,  the  floods  which  it  discharged  formed  a  most  irregu- 
lar belt  of  gravel  and  sand  in  ridges,  hills,  plateaus  and  hol- 
lows of  every  shape,  but  generally  with  a  nortn-to-south  trend, 
through  a  distance  of  nearly  twenty  miles  to  the  north  and 
north-northwest,  reaching  from  its  angle  at  North  Sandwich 
through  Plymouth  to  Kingston.  West  and  north  from  these 
kames,  the  greater  part  of  rlymouth  County  consists  of  nearly 
level  or  moderately  undulating  deposits  of  modified  drift,  50  to 
150  feet  above  sea,  which  reach  continuously  from  the  angle  of 
the  terminal  moraine  on  Cape  Cod  more  than  thirty-five  miles 
to  Hingham,  on  the  south  shore  of  Massachusetts  Bay.  Another 
and  perhaps  more  remarkable  series  of  fluvial  deposits  was  sup- 
plied from  the  melting  ice-sheet  to  form  Nantucket,  the  hills 
which  rise  75  to  125  feet  above  sea  in  Chatham,  the  southeast 
township  of  Cape  Cod,  and  the  north  portion  of  this  peninsula 
beyond  Orleans,  which  consists  entirely  of  modified  orift  from 
50  to  176  feet  above  sea. 

The  first  recognition  of  the  terminal  moraines  of  southeastern 
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Massachusetts  was  by  Mr.  Clarence  King,*  who  examined 
Naushon  Island  and  pronounced  it,  with  the  similar  formation 
continuing  on  Cape  Cod,  to  be  a  series  of  deposits  accumulated 
at  the  margin  of  the  continental  ice-sheet  The  same  conclu- 
sion has  been  announced  by  the  geologists  of  Wisconsin  and 
New  Jersey  respecting  the  series  which  cross  those  States.  At 
these  lines  the  border  of  the  ice  appears  to  have  remained 
nearly  stationary  through  a  long  penod,  in  which  the  materials 
that  It  contained  were  being  continually  brought  forward  and 
deposited.f  In  many  places  these  would  be  pushed  into  very 
irregular  heaps  and  ridges  by  slight  retreats  and  advances  of 
the  ice-margin.  At  the  same  time  we  should  also  expect  that 
thick  beds  of  ground-moraine  would  be  gathered  beneath  the 
ice  near  its  termination.  The  withdrawal  of  the  glacial  sheet 
would  then  leave  these  deposits  as  upper  and  lower  till,  one 
overlying  the  other  in  a  long  but  broken  and  undulating  ranga 
In  many  parts  of  these  series,  however,  the  materials  brought 
by  the  ice  have  been  covered  by  modified  drift  brought  by 
glacial  rivers ;  so  that  the  three  aivisions  of  the  drift  join  to 
form  the  terminal  moraines.  No  similar  series  of  drift  deposits 
seems  to  have  been  discovered  north  of  the  second  here 
described,  and  we  may  conclude  that  in  general  the  retreat  of 
the  ice-sheet  did  not  aamit  sufficient  pauses  for  their  formation. 

*  Proceedings  of  the  Boston  Society  of  Natural  History,  vol  xix,  p.  62. 

f  Id  Long  Island  and  throughout  New  Bngland,  the  materials  that  make  up  the 
drift  are  uniformly  derived  from  the  north,  the  greater  part  of  them  being  from 
the  nearest  formations  in  that  direction,  while  nearly  all  the  rock-fragments  are 
represented  by  ledges  within  fifty  miles.  The  most  remote  origin  required  by  any 
bowlders  or  pebbles  found  in  lihe  drift  of  New  Hampshire  during  the  recent  geo- 
logical survey  of  that  State  is  about  eighty-five  miles.  Respecting  the  origin  of 
bowlders  at  the  north  end  of  Manomet  Hill  in  Plymouth,  Or.  Edward  Hitchcock, 
the  State  (Geologist,  reported  that  this  locality  shows  nearly  every  variety  of  gran- 
ite, syenite  and  porphyry,  found  along  the  coast  northward  as  far  as  ^e  extrem- 
ity of  Cape  Ann.  Dr.  0.  T.  Jackson,  in  his  report  on  the  geology  of  Rhode  Isl- 
and, says  that  the  greater  part  of  the  bowlders  found  on  Block  Island  are  porphy- 
ritic  granite  such  as  occurs  in  place  at  Point  Judith  and  Kingston,  twelve  and 
twenty  mUes  distant  at  the  nonh.  Sir  Charles  Lvell,  in  his  '*  Travels  in  North 
America,"  quoting  in  substance  fh>m  one  of  Professor  Mather's  annual  reports, 
says  of  Long  Island:  "At  its  eastern  extremity  the  bowlders  are  of  such  kinds 
of  granite,  gneiss,  mica  slate,  greenstone  and  syenite,  as  may  have  come  across  the 
Sound  from  parts  of  Rhode  Island,  iomiediately  to  the  north.  Farther  westward, 
opposite  the  mouth  of  the  Connectieut  River,  they  are  of  such  varieties  of  gneiss 
and  hornblende  slate  as  correspond  with  the  rocks  of  the  region  through  which 
that  river  passes.  Still  farther  west,  or  opposite  New  HavoH,  they  consist  of  red 
sandstone  and  conglomerate,  and  the  trap  of  that  country ;  and  lastly,  at  the  west- 
ern end,  adjoining  the  city  of  New  York,  we  find  serpentine,  red  sandstone,  and 
various  granitic  and  crystalline  rocks,  which  have  come  from  the  district  lying 
immediately  to  the  nortL" 

Excepting  the  pre-glacial  deposits  which  have  been  mentioned,  and  a  smaU  area 
of  gneiss  and  hornblende  schist  at  Long  Island  City  and  Astoria,  the  whole  of 
LoDg  Island,  Block  Island,  Martha's  Vineyard,  Nantucket,  the  Elizabeth  Islands, 
and  the  peninsula  of  Cape  Cod,  consist  of  drift  deposits  which  owe  their  accumu- 
lation, as  has  been  here  shown,  to  the  action  of  the  ice-Aheet  and  its  rivers  in 
amassing  them  at  its  termination. 
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It  remains  for  us  to  notice  briefly  the  probable  extent  and 
equivalency  of  these  terminal  accumulations  of  the  icesheet, 
both  to  the  east  and  west  Agassiz  believed  that  the  fishing 
banks  or  submarine  table-lands,  which  lie  at  a  distance  of  100 
to  200  miles  east  and  southeast  from  Cape  Cod,  Nova  Scotia 
and  Newfoundland,  are  such  glacial  deposits.  On  the  other 
hand,  it  has  been  recently  learned  that  fragments  of  fossilife- 
rous  rock,*  apparently  of  Miocene  age,  are  brought  up  from 
the  sea-bottom  on  George's  Bank,  Banquereau  and  the  Grand 
Bank,  by  the  coralline  growths  attached  to  them  becoming 
entangled  with  fishermen's  lines.  These  indicate  that  this 
coast,  1,000  miles  in  extent,  is  bordered  by  submerged  Tertiary 
formations,  similar  to  those  that  occur  above  sea-level  in  the 
Southern  States,  as  had  been  already  suggested  by  Professor 
C.  H.  Hitchcock,f  before  this  discovery.  Although  it  now 
seems  likely  that  these  older  deposits  form  the  principal  basis 
of  the  fishing  banks,  it  is  clear  that  the  opinion  of  Agassiz  was 
part  of  the  truth ;  for  besides  the  fossiliferous  fragments  many 
of  granites  and  schists  are  also  obtained  by  the  fishermen. 
Furthermore,  the  course  of  the  extreme  terminal  moraine  that 
crosses  New  Jersey,  Long  Island,  Block  Island,  Martha's  Vine- 
yard and  Nantucket,  has  its  line  of  continuation  in  these 
remarkable  submarine  banks.  It  is  probable,  therefore,  that 
they  consist,  somewhat  like  Gay  Head,  of  Tertiary  strata  cov- 
ered with  their  own  and  foreign  detritus  brought  by  the  ice- 
sheet 

The  later  moraine  of  Cape  Cod,  the  Elizabeth  Islands,  south- 
erp  Rhode  Island  and  the  north  shore  of  Long  Island,  was 
formed  after  the  ice  had  retreated  from  its  farthest  limit,  but 
while  it  still  terminated  eastward  beyond  the  present  coast-line. 
This  halt  in  its  departure  was  extended  along  the  entire  mar- 
gin of  these  ice-fields  to  the  west  for  a  distance  of  more  than 
2,000  miles.  In  the  interior  of  the  United  States  the  extreme 
limit  of  glacial  action  has  not  yet  been  found  to  be  generally 
marked  by  extraordinary  deposits,  but  a  most  notable  series  of 
terminal  moraines  north  of  tnis  line  and  probably  contempora- 
neous with  that  of  Cape  Cod  is  found,  as  recently  shown  by 
Professor  Chamberlin,:^  stretching  across  Ohio,  and  represented 
in  southern  Michigan,  in  the  Kettle  Moraine  of  Wisconsin,  and 
the  Leaf  Hills  of  Minnesota;  while  its  farther  continuation 
seems  to  be  in  the  Coteau  des  Prairies  and  the  Coteau  de  Mis- 
souri of  Dakota  and  British  America,  reaching  northwestward, 
according  to  Mr.  G.  M.  Dawson,§  to  the  North  Saskatchewan 

*  Described  by  Professor  Verrill  in  this  Journal,  III.  vol.  ivi,  p.  323. 
+  Appalachia,  vol.  i,  p.  13 ;  and  Geology  of  New  Hampshire,  vol.  ii,  p.  21. 
\  "  On  the  Extent  and  Significance  of  the  Wisconsin  Kettle  Moraine/'  in  Trans- 
actions of  Wisconsin  Academy  of  Sotcnce.  1878,  with  maps. 
§  Quarterly  Journal  of  Geological  Society,  vol.  xxxi,  pp.  614-623,  with  map. 
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River,  860  miles  west  of  Winnipeg  Lake.  These  deposits,  like 
the  moraines  of  southern  New  England,  are  made  up  entirely 
of  drift  materials,  partly  unstratified  with  abundant  bowlders 
and  partly  stratified  travel  and  sand,  in  hills  100  to  800  feet 
high,  of  very  irregular  contour,  with  many  enclosed  hollows, 
and  occupying  a  width  of  from  one  to  thirty  milea  They  lie 
upon  the  uneven  surface  of  the  rocky  strata,  being  continuous 
across  valleys  and  ranges  of  highland,  which  in  Wisconsin 
undulate  800  feet  in  vertical  height ;  while  the  elevation  of 
this  entire  series  of  terminal  morame  varies  from  sea-level  in 
the  region  that  has  been  here  described  to  2,000  feet  above  it  at 
the  north  line  of  Dakota. 

In  the  Western  States  the  front  of  the  ice-sheet  is  shown  by 
Professor  Chamberlin  to  have  been  lobed,  producing  acute 
angles  in  its  terminal  moraine,  with  medial  moraines  extend- 
ing northward  from  them;  corresponding  to  which,  we  find  a 
deflection  of  ninety  degrees  in  the  series  of  morainic  hills  on 
Cape  Cod,  with  the  massive  medial  moraine  of  Manomet  and 
Pine  Hills  a  few  miles  farther  north.  The  same  lobed  charac- 
ter appears  also  to  have  marked  the  ice-sheet  at  its  greatest 
extent,  making  angles  similar  to  those  of  a  later  period  in  its 
frontal  line,  and  even  enclosing  a  large  driftless  area  in  Wis- 
consin. It  is  now  possible  to  draw  two  pictures  in  our  mind  of 
this  glacial  sheet:  the  first,  when  it  reached  its  farthest  boun- 
dary, probably  coinciding  nearly  with  the  course  of  the  Colum- 
bia, Missouri  and  Ohio  Rivers,  and  the  south  coast  of  New 
England,  while  a  part  of  Wisconsin  and  adjacent  States  was  an 
oasis  of  verdure  surrounded  by  its  desert  of  ice ;  the  second, 
when  it  had  yielded  a  portion  of  its  ground,  but  rallied  again 
to  a  sturdy  resistance  before  being  fully  put  to  flight. 


Art.  XXXIL — New  Observations  on  Planetoids;  by  C.  H.  P. 
Peters.  (Communication  to  the  Editors,  dated  Litchfield 
Observatory  of  Hamilton  College,  Clinton,  N.  Y.,  August 
10,  1879.) 

I  TAKE  pleasure  in  communicating  the  following  planet 
observations : 

(77)  JBHgga. 


1879. 

Ham.  QoXL  m.  t.        a.  app. 

<J.aw). 

(log.  p. 'A.)  No. 

oomp. 

July  17. 

14^39«  6«       21*'32"»7»-38 

-17"44'43'-9 

0-168    0-884 

11 

"    19. 

12  61  10              30   48-57 

17  61     1-7 

0-160n  0-884 

10 

"    20. 

11  14  62               30      8*64 

17  64    9  9 

0-372n  0-880 

10 

"    21. 

13     6     3              29    21-22 

17  67  61-4 

9-853n  0-873 

12 

*'    24. 

10  14  32              27      9-46 

18     7  49-8 

0-688n  0-863 

10 

"    28. 

13  19    6              23   47-04 

18  22  61-7 

9-804     0-889 

6 

Aug.  9. 

12     9  18        21  13     2-44 

-19    6  48-2 

9-453    0-892 

10 
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(200)  [discovered  July  27.] 


18Y9. 

Ham.Ck>U.m.t. 

o.  app. 

S.  app. 

(log.  p.'A.)  No.  oomp. 

July  2t. 

14»»61»44* 

21h42»46»-'r8 

-W37'68'-8 

0-417    0-869        10 

*»    28. 

U  16  31 

41    69-83 

16  39  36-7 

0-239    0-874        10 

"    30. 

13  65  43 

40    21-67 

16  42  69-5 

0-1 69    0-876        10 

Aug.  9. 

11  21  41 

21  31    30-22 

-16    0  46-3 

0-218ft  0-876        10  ^ 

To  the  planet  (199),  found  on  July  9th,  as  mentioned  in  the 
last  number  of  the  Journal,  I  have  given  the  name  Byblis. 

FriggOf  as  is  known,  had  been  searched  for  in  vain  for  many 
years,  though  it  had  come  twelve  times  in  opposition  since  its 
discovery,  Nov.  12,  1862.  There  existed  nine  observations  of 
it  made  by  myself  at  its  first  apparition,  distributed  over  ninety- 
four  days;  further,  three  observations,  made  by  Professor 
Tietjen  in  April,  186^,  after  opposition,  and  one  by  the  same 
on  January  21,  1868,  which,  however.  Professor  Tietjen  later 
has  doubted,  that  it  perhaps  was  another  object  From  the 
fact,  that  in  at  least  three  of  the  oppositions  I  have  searched 
with  carefully  prepared  charts  without  finding  any  trace  of  the 
planet,  I  am  led  to  suspect  some  kind  of  variability  of  light- 
reflecting  power,  be  it  atmospheric  or  arising  from  the  shapa 
And  I  find,  that,  in  communicating  my  observations  in  1863  to 
the  Astron.  Nachr.  (No.  1428),  I  added  then  the  following 
note  :  "  From  the  mean  of  the  estimates  the  magnitude  of  the 
planet  in  the  mean  opposition  results  18*0.  Remarkable  is  the 
whiteness  of  the  lignt  with  which  it  was  shining,  and  though 
but  a  luminous  point,  the  image  presented  a  certain  neatness. 
This  was  very  stnking  in  comparing  it  on  the  same  evenings, 
therefore  independently  of  the  state  of  the  air,  with  Feronia, 
which  was  not  far  ofi*."  Moreover,  in  1864  Professor  Tietjen, 
as  he  orally  communicated  to  me,  estimated  the  magnitude 
much  larger  than  the  computation  had  given  it.  Frigga,  there- 
fore, needs  watching,  as  perhaps  it  may  give  us  some  insight 
into  the  physical  structure  of  the  planetoids  and  their  atmos- 
pheres. 

When  it  was  re-discovered,  on  July  16th,  its  position  diflfered 
about  6°  in  right-ascension  and  2°  in  declination  from  the  place 
rigorously  computed  with  regard  to  perturbations,  etc.  The 
motion  ascertained  and  the  situation  in  the  orbit  plane,  how- 
ever, made  at  once  probable  the  identity.  For  making  more 
sure  of  this,  I  computed  from  the  observations  of  July  17th 
and  20th  a  circular  orbit,  which  gave 

Q  =  4°  6',        i  =  2°  23',        log  a  =  0-4425, 

while  for  Frigga  we  have 

3  =  2°  1',        i  =  2^  28',        log  r  =  0-431, 

therefore  quite  the  same,  the  apparently  larger  diflference  in  the 
longitude  of  the  node  arising  only  from  the  small  inclination. 
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Art.  XXXin. — Observations  on  the  gentis  Macropis ;  by  W.  H. 

Patton. 

Hermann  M^llkr  found  the  females  of  the  European 
Macropis  labiata  Panz.  upon  the  flowers  of  Lysimojchia  vulgaris 
only,  while  the  males  occurred  also  upon  the  flowers  of 
Oenanthe  fistuhsa^  Rhamnus  franguloy  ana  Rubus  Jruticosus.* 
This  is  the  basis  upon  which  Sir  John  Lubbock  has  made  and 
repeated  the  statement,  that  "the  species  visits  exclusively 
Lysimachia  vutgarisJ^f  Yet  Dufour  had  previously  taken  both 
sexes  upon  Alisma  Plantago,  and  Schenck  had  taken  either 
one  or  both  sexes  upon  Bryoniay  Rvbus  ccesius,  Oirsium  arvense 
and  Picris.  Subsequently,  Mr.  John  B.  Bridgman  has  taken 
the  male  upon  Oirsium  arvense^X  and  upon  Lysimachia^  Mint 
and  Marsh  Potentilla,  and  the  female  upon  Oirsium  arvense 
and  I/ysimachia.%  I  have  taken  the  female  of  the  American 
species  upon  Lysimachia  ciliaUi^l  Rhus  glabra  and  R  typhina, 
and  Archangelica  hirsuia;  and  the  male  upon  Rubus  villosus 
and  Oomus  paniculata. 

Yet  there  appears  to  be  some  peculiar  relationship  between 
the  Macropis  and  the  Lysimachia.  Collecting  in  1874  and  1876, 
I  observed  that  i\iG  females  taken  upon  other  flowers  had  no  pollen 
masses  upon  their  legs,  and  were  indeed  upon  another  quest 
Mr.  Bridgman  (1.  c,  1878,  p.  22)  observed  that  the  females 
taken  on  Oirsium  arvense  had  no  pollen.  Can  it  be  that  the 
young  live  upon  the  pollen  of  Lysimachia  only,  just  as  other 
insects  are  restricted  to  the  foliage  of  particular  plants  ? 

Hermann  MiLller  (1.  c,  p.  248),  observing  that  the  pollen  was 
collected  upon  the  tibiad  of  these  bees  in  thick  moist  balls,  and 
unable  to  find  any  honey  in  the  flowers  of  Lysimachia  vulgaris, 
was  led  to  believe  that  the  bees  pierced  the  cellular  tissue  of 
the  flowers  with  the  ligula  for  the  juices  with  which  to  moisten 
the  pollen.  This  act  of  the  bee  seems  to  me  both  impossible 
and  unnecessary.  The  ligula  is  too  weak,  and,  if  we  are  to 
look  to  the  Lysimachia  for  a  solution  of  the  problem,  it  is  well 

*  Die  Befnichtimg  der  Blumen  durch  Inseoten,  pp.  348  and  463  (1873). 

f  Belfast  Address,  1874;  Nature,  yoL  x,  p.  425,  and  British  Wild  Flowers  in 
Relation  to  Insects,  p.  21.  The  inconsistency  of  his  statement  appears  when  he 
aays  (British  Wild  Flowers,  p.  126)  that  ''Lysimachia  vtUgaris  produces  no 
honey,"  and  the  question  arises  in  the  mind  of  the  reader:  where  do  the  bees 
get  the  honey  upon  which  they  must  liye  ? 

[Newman's  Entomologist,  Aug.,  1876,  p.  158. 
Ibid.,  Jan.,  1878,  vol.  xi,  p.  22. 
The  group  of  Lysimachias  containing  L.  cUiata  has  recently  been  set  apart  ns 
istinct  genus,  Steironema  Raf.,  by  Professor  Gray  (Proc.  Am.  Acad.,  vol.  xii, 
p.  62)  because  ot  differences  in  the  aestivation  of  the  corolla,  but  for  our  present 
purposes,  TVidynia  (containing  atricta  and  quadrifolia\  Lysimachia  (containing 
vulgaris)  and  Steironema  may  be  treated  together  under  the  name  Lysimachia. 
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to  ask  whether  the  glands  with  which  the  filaments  and  base 
of  the  corolla  are  beset  may  not  furnish  the  nectar.  In  the 
American  L.  ciliaiay  L.  quadrifolia  and  L,  stricla,  and  on  the 
filaments  at  least  of  the  European  L,  vulgaris  the  glands  are 
very  numerous.  But  upon  the  fiowers  of  stricta  and  qtiodrifolia 
the  Macropis  has  not  yet  been  found,  although  the  flowers  nave 
been  often  watched  ;  it  seems,  therefore,  that  the  glands  aflford 
no  attraction.  We  must  conclude  that  it  is  with  nectar  that 
the  pollen  is  moistened ;  and  as  it  has  been  my  good  fortune  to 
distinctly  observe  a  female  Macropis  sucking  nectar  from  the 
flowers  of  Rhus  glabra^  it  is,  evidently,  from  these  and  other 
flowers  that  the  Macropis  obtains  the  honey  for  the  food  both  of 
itself  and  its  young. 

But  whv  does  the  Macropis  moisten  the  pollen  as  it  is  col- 
lected ?  ^his  is  an  unusual  habit  The  social  bees  moisten  it 
in  order  that  it  may  be  retained  on  the  pollen  plates.  The 
Scopulipede  and  Gastrilege  bees  retain  the  dry  pollen  with  the 
hairs  forming  the  pollen  brushes.  The  Lysimachia  pollen  is 
not  of  so  dry  a  nature  that  hairs  would  not  hold  it.  An  alto- 
gether new  interest  was  given  to  the  genus  Macropis  by 
Hermann  Miiller's  observation  that  it  alone  of  all  the  solitary 
bees  of  Germany  moistened  the  pollen  as  collected,  thus  econ- 
omizing in  the  expanse  of  hairs  upon  the  legs.*  The  retaining 
hairs  upon  the  posterior  legs  of  Macropis  are  unusually  short 
By  moistening  the  pollen  they  are  enabled  to  retain  much 
larger  masses  than  they  otherwise  could.  Such,  also,  is  the 
habit,  as  I  have  observed,  with  the  allied  American  genera 
Scrapter^  Calliopsis,  and  Perdita  {P.  8-maculata  Say) ;  and  Fritz 
Miiller  has  recorded  the  same  habit  for  Centris,  Tetrapedia  and 
Epicharis  in  Brazil,!  although  in  these  latter  genera  the  scopa 
is  long. 

On  account  of  the  close  resemblance  which  Macropis  bears 
to  the  higher  bees,  Shuckard  (British  Bees)  was  led  to  believe 
that  it  would  be  found  to  agree  with  them  in  their  noisy  flight 
also.  But  repeated  observations  in  the  field,  under  the  most 
favorable  circumstances,  have  satisfied  me  that  their  flight  is 
perfectly  silent  Yet  Shuckard  is  not  correct  when  he  sajrs 
the  other  Andrenidce  are  mute,  for  I  have  observed  that  certain 
species  of  OoUeies,  G,  armata  mihi  and  C.  compacta  Cress.,  and 
possibly,  some  of  the  larger  species  of  Andrena,  make,  during 
flight,  a  distinct  hum  much  lite  that  of  the  honey-bee. 

*  L.  a,  p.  47,  and  Ajiw.  d.  Darw.  Lehre  auf  Bienen,  p.  22  (1872). 

f  Nature,  yol.  x,  p.  103.  These  observations  by  Fritz  M<iUer  are  open  to  doubt. 
In  OefUriij  as  in  our  natiye  genera  Diadasia  (n.  g.)  and  Melisaodea,  tbe  hairs  of  the 
scopa  are  oonspicuouslj  plumose,  and  the  pollen  would  haye  a  matted  appearance 
eyen  when  diy.  It  can  be  stated  with  oonfidenoe  that,  eyen  if  the  pollen  is 
slightly  moistened  bj  these  bees,  it  is  not  formed  into  a  paste,  as  it  is  bj  the 
social  bees. 
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Up  to  the  present  time  no  French*  or  English  author  has 
questioned  the  validity  and  naturalness  of  the  two  groups, 
Abeilk  and  Pro-abeille^  into  which  R&umur  divided  all  the 
bees.  Kirbj  adopted  this  classification,  employing  the  names 
Apis  and  Melitta  ;  Latreille  adopted  it  under  the  names  Apiartce 
and  Andrenetce;  and  all  subsequent  authors  have  employed  the 
same  classification,  either  under  these  names  or  under  Leach's 
family  names  Apidce  and  Andrenidce,  Yet  the  onljr  characters 
given  for  separating  the  Apidce  and  Andrenidce  which  are  not 
entirely  erroneous  are : 
Apidce;  labium  longer  than  men  turn,  basal  joints  of  labial  palpi 

elongate,  labium  slender  and  not  flattened. 
Andrenidce;  labium  shorter  than  mentum,  basal  joints  of  labial 

palpi  not  unlike  the  following  joints,  labium  flattened. 

But  in  the  genus  Scrapter  (placed  among  the  Andrenidce)  the 
palpi  are  precisely  as  in  Calliopsis  (placed  among  the  Apidce), 
and,  as  I  have  observed,  the  labium  in  repose  is  of  precisely 
the  same  length — in  both  extending  to  the  tip  of  the  basal 
joint  of  the  palpi.  The  greater  breadth  of  the  labium  in 
Scrapter  can  alone  determine  to  which  family  it  belongs,  and 
this  diflference  in  breadth  is  imaginary  rather  than  real.  More- 
over, in  the  genera  Megahpta  and  Oxystoglossa,  and  some  groups 
of  the  genus  Nomia  (genera  placed  among  the  Andrenidce),  the 
labium  is  as  slender  as  in  the  Apidce;  and  in  the  genus  Hyleoides 
(placed  among  the  Andrenidce)  the  joints  of  the  labial  paJpi  are 
proportioned  just  as  in  certain  of  the  Apidce, 

Rejecting,  therefore,  the  families  Andrenidas  and  Apidce,  and 
without  proposing,  at  present,  a  more  natural  classification  for 
the  Anthophila,  Macropis  may  be  removed  from  connection 
with  the  short-tongued  bees  and  placed  between  the  Andrenoides 
and  Scopulipedes.  In  the  greater  number  of  its  characters  it  is 
allied  to  the  Andrenoides,  btit  in  single  characters  of  great 
value  it  bears  relationship  to  other  very  diverse  groujjs.  With 
the  Andrenoides  it  agrees  in  the  venation  of  the  anterior  wings, 
which  differs  from  that  of  Scrapter  and  Calliopsis  in  the  pointed 
marginal  cell  only,  in  the  cleft  claws  of  the  female,  and  in  the 
habit  of  moistening  the  pollen  as  collected.  With  Andrena 
it  agrees  in  the  form  of  the  tongue  and  palpi.  With  the 
Scopulipedes  it  agrees  in  the  short  anal  lobe  of  the  posterior 
wings  and  in  general  appearance.  In  the  form  of  the  basal  joint 
of  the  posterior  tarsi  of  the  female  it  agrees  with  none  but  the 
social  bees,  which  also  have  the  habit  of  moistening  the  pollen 
as  collected. 

*  As  Lepdetier  failed  to  recognize  the  Bees  as  a  natural  group,  he  cannot  be 
said  to  have  presented  any  classification  of  them. 
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Macbopis  Panz.  (1809). 

Ocelli  in  a  slight  curve ;  face  slightly  narrowed  beneath  ; 
cl jpens  not  elevated,  yellow  in  the  male ;  labium  transverse, 
entire;  mandibles  stout,  obtusely  bidentate;  maxillary  palpi 
6-jointed,  the  sixth  and  one-half  of  the  fifth  joints  extending 
beyond  the  apical  lobe  of  the  maxilte ;  labium  lanceolate,  one- 
third  the  length  of  the  mentum,  the  latter  narrowing  toward 
the  base,  the  paraglossse  small;  joints  of  the  labial  palpi 
decreasing  in  length  successively,  the  basal  joint  equal  m 
length  to  the  second  and  third  taken  together.  The  flagellum 
in  the  female  sub-clavate,  the  first  joint  ovate,  the  second  nar- 
rowed toward  the  base  and  one-third  longer  than  the  first  joint, 
the  third  and  fourth  joints  equal  and  when  taken  together 
shorter  than  the  second  joint,  tne  apical  joint  obliauely  trun- 
cate ;  in  the  male  the  first  joint  of  the  flagellum  is  globose,  the 
second  scarcely  longer  than  the  first,  the  third  scarcely  one-half 
as  long  as  the  second,  the  fourth  about  equal  in  length  to  each 
of  the  following  joints,  the  flagellum  not  clavate  but  longer 
than  in  the  femala  The  anterior  wings  have  two  submarginal 
cells,  the  second  receiving  both  recurrent  nervures,  the  origin 
of  the  first  recurrent  nervure  far  beyond  the  ori^n  of.  the 
cubital  nervure;  the  stigma  of  good  size;  submarginal  bull» 
six,  two  on  the  first  transverse  nervure,  one  on  the  second,  one 
on  the  first  recurrent  nervure,  two  on  the  second ;  basal  lobe 
of  the  posterior  wines  extending  beyond  the  middle  of  the 
submedial  cell.  Both  sexes  have  the  tarsal  claws  cleft  and  a 
distinct  enclosure  at  the  base  of  the  posterior  tibiae.  Posterior 
femora  of  the  male  swollen;  posterior  tibiae  in  both  sexes 
robust ;  basal  joint  of  the  postenor  tarsi  of  the  female  quadrate, 
flattened,  the  upper  angle  not  produced,  the  second  joint 
attached  at  the  lower  angle;  the  posterior  tibiae  and  the  basal 
joint  of  the  posterior  tarsi  of  the  female  clothed  with  a  short, 
dense  probescence  upon  which  the  pollen  is  collected  in  moist 
masses;  basal  joint  of  the  posterior  tarsi  of  the  male  armed 
with  a  regular  comb  of  long  teeth  projecting  from  the  inner 
margin  of  the  lower  face.  Sixth  segment  of  the  abdomen  of 
the  female  with  a  smooth  enclosure  on  the  disk.  The  seventh 
segment  in  the  male  with  a  triangular  pyramidal  projection  on 
the  disk,  the  apex  of  the  projection  obtuse,  the  anterior  and 
longest  side  polished. 
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Abt.  XXXrV. — Additional  Remains  of  Jurassic  Mammals; 
by  O.  C.  Marsh. 

Beside  the  two  mammals  from  the  Jurassic  beds  of  the 
Rocky  Mountains  already  described  by  the  writer,*  two  other 
specimens  have  recently  been  brought  to  light,  from  the  same 
locality  and  horizon.  Both  are  lower  jaws,  and  apparently 
both  pertain  to  the  ^enus  Dryolestes^  and  furnish  important 
characters  to  distinguish  it.  In  one  of  these  specimens,  the 
angle  of  the  lower  jaw  is  strongly  inflected,  thus  mdicating  its 
marsupial  nature.  The  other  proves  that  the  genus  is  quite 
distinct  from  Didelphys,  as  there  were  at  least  four  premolars. 
The  last  lower  premolar  is  compressed  and  trenchant,  and  not 
like  the  molars. 

This  specimen  differs  from  the  jaws  o(  Dryolestes  priscus,  in 
being  more  slender,  less  curved,  and  less  compressed.  The 
symphysial  surface  is  long,  and  only  moderately  roughened. 
The  fourth  lower  premolar  is  in  perfect  preservation.  It  has 
two  fangs,  and  the  crown  is  very  sharp,  and  much  compressed. 
There  is  a  slight  tubercle  on  the  front  margin,  and  a  low 
distinct  heel  on  the  posterior  border. 

The  following  measurements  are  from  this  specimen : 

Space  occupied  by  four  lower  premolars, 6'  °*°* 

Depth  of  jaw  below  first  premolar, 2*6 

Depth  of  jaw  below  fourth  premolar, 3* 

Width  of  jaw  below  fourth  premolar, 2* 

Height  of  crown  of  fourth  lower  premolar, 2* 

The  species  represented  by  this  specimen  may  be  called 
Dryolestes  vorax.  The  animal  appears  to  have  been  rather 
smaller  than  D,  priscus.  The  only  known  remains  are  in  the 
Yale  Museum. 

Tale  College,  New  Haven,  August  8,  1879. 

PosTSCEiPT. — Since  the  above  was  in  type,  another  lower  jaw 
has  been  obtained  from  the  same  locality  and  horizon  as  those 
already  noticed.  This  specimen  is  quite  distinct  from  those 
described  from  this  country,  and  in  some  respects  resembles 
the  genus  Triconodon  of  Owen,  from  the  Jurassic  of  England. 
The  molar  teeth  have  each  thi*ee  pointed  cones,  as  in  that 

f;enus.  In  the  present  specimen,  however,  there  are  four 
ower  molar  teeth,  instead  of  three.  The  middle  cone  on  each 
tooth  is  the  largest,  while  in  Triconodon  they  are  nearly  of  the 
same  sizaf  The  last  lower  molar  of  the  present  specimen  is  only 
about  half  as  large  as  those  before  it. 

*  This  Journal,  voL  xv,  p.  469,  1878,  and  vol.  xvili,  p.  60, 1879. 
f  From  Phaacohlhefiimri,  with  which  it  agrees  more  closely,  the  present  genns 
may  be  diKtinguished  bj  the  greater  number  of  teeth. 
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A  striking  feature  in  this  jaw  is  the  coronoid  process,  the 
anterior  margin  of  which  forms  a  right  angle  with  the  ramus, 
immediately  behind  the  last  molar.  The  angle  of  this  jaw  is 
much  extended  backward,  but  not  perceptibly  inflected.  The 
condyle  is  low,  and  but  slightly  above  the  dental  series. 

The  figure  below  gives  the  outline  and  general  features  of 
this  specimen. 


Bight  lower  Jaw  of  Tinodon  heOiia^  Marsh.    Twice  natural  size. 

The  principal  dimensions  of  this  specimen  are  as  follows : 

Space  occupied  by  eight  posterior  teeth, lO*  "^°* 

Space  occupied  by  four  posterior  molars, 6* 

Distance  from  last  molar  to  posterior  end  of  jaw,  9* 

Height  of  coronoid  process  above  base  of  jaw,. . .  7* 

Depth  of  jaw  below  last  lower  molar, 2*6 

Depth  of  jaw  below  last  premolar, 2* 

This  specimen  indicates  a  new  genus,  which  may  be  called 
Tinodon^  and  the  species  Tinodon  bellus.  The  animal  thus 
represented  was  apparently  an  insectivorous  marsupial,*  and 
in  size  somewhat  smaller  than  those  above  noticed. 

Yale  C!ollege,  August  16,  1879. 


SCIENTIFIC    INTELLIGENCE. 

I.  Chemistbt  and  Physics. 

1.  On  the  Spectrum  of^  Ytterbium, — Lbcoq  de  BoiSBAUBRAir 
having  received  from  Marignac  a  portion  of  his  new  earth  ytter- 
bia,  has  submitted  it  to  spectroscopic  examination.  By  using  the 
chloride  in  solution  in  water,  and  tne  induction  spark,  be  obtained 
a  beautiful  and  distinctive  spectrum  formed  for  the  most  part  of 
bands  grouped  between  the  solar  lines  D  and  F.  Almost  all  of 
these  bands  are  shaded  from  the  left  toward  the  right,  the  spec- 
trum being  so  placed  that  the  red  end  is  at  the  left  of  the  observer. 
The  following  are  the  bands  observed,  their  positions  being  given 
in  scale  numbers:  (1)  Well  marked  band,  slightly  shaded  from 
left  to  right,  of  intensity  fi\  the  left  border  nebulous  at  103},  the 
apparent  center  at  104^.  (2)  Feeble  band  a  little  shaded  from 
left  to  right,  its  apparent  center  at  107^.  (8)  Well  marked  and 
strongly  shaded  band,  of  intensity  a\  left  border  sharp  at  109^, 

*  The  elevated  ooronoid  process,  and  the  absence  of  inflection  at  the  angle, 
suggest  the  possibility  that  this  Jaw  maj  have  belonged  to  a  placental  mammaL 
The  latter  character,  with  others  of  importance,  indicate  a  distinct  family,  whidi 
may  be  called  TinodonUdnB. 
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the  middle  at  110^,  and  the  right  and  ill-defined  edge  at  about 
lllf.  (4)  Well  marked  band,  notably  shaded  from  left  to  right, 
of  intensity  8^\  left  edge  slightly  nebulous  at  118^,  the  middle 
at  114|,  and  the  ill-defined  right  edge  at  115f.  (5)  About  116f, 
nebulous  beginning  of  a  band  with  two  maxima,  of  intensity  d',, 
the  whole  being  well-marked,  the  princi]>al  brightness  beginning 
at  about  118,  the  first  and  strongest  maximum  about  119,  and  the 
middle  of  the  second  maximum  at  121^.  Near  122^  is  the  very 
ill-defined  right  edee  of  this  band,  which  is  united  to  the  one  next 
following  by  a  slightly  luminous  background.  (6)  Band  a  little 
more  feeble  than  that  at  107^  and  notably  shaded;  its  left  edge, 
bomewhat  nebulous,  being  at  12d|,  its  middle  about  124^,  and  its 
very  nebulous  right  edge  near  126.  (7)  Well  marked  band  a 
little  stronger  than  <^  at  114^  and  strongly  shaded  from  left  to 
right,  of  intensity  v ;  left  edge  sharp  at  1 26^,  the  middle  being  at 
127«V  ^^^  ^h^  ri^nt  edge,  ilT-defincHd,  at  129.  (8)  Band  sensibly 
shaded,  of  intensity  £ ;  easily  visible,  but  distinctly  more  feeble 
than  <^,  at  1144;  left  nebulous  edge  at  130^^^,  the  middle  at  131 
and  the  right  ill  defined  border  at  ld2f.  (9)  Feeble  band  a  little 
more  nebtdous  on  the  right  than  the  left  edge,  its  apparent  middle 
at  134 ;  united  to  the  following  band  by  a  sightly  luminous  back- 

§  round.  (10)  Band  very  nebulous  on  both  borders,  about  two 
i visions  broad,  notably  more  marked  than  134,  and  a  little 
stronger  than  107^;  the  apparent  middle  and  maximum  of  light 
is  at  135-^.  Bands  134  and  135^  together  are  easily  visible.  (11) 
Very  weak  nebulous  band  1-^  divisions  broad,  the  middle  being 
about  138.  On  the  scale  of  the  instrument,  the  solar  lines  read  as 
follows:  B  77^,  C  83,V»  I>  100,  E  121 1,  F  141},  G  1804.  Though 
not  at  all  necessary  to  establish  ytterbium  as  a  new  element,  the 
author  thinks  that  the  existence  of  this  specific  emission  spectrum 
18  interesting  and  may  be  of  service  as  a  means  of  recognizing 
this  metal,  especially  in  the  absence  of  more  precise  knowledge  of 
its  chemical  properties. —  C.  22.,  Ixxxviii,  1342,  June,l  879.  o.  p.  b. 

2.  On  Nitrification,  —  Waeington  has  published  a  second 
paper  upon  nitrification,  giving  the  results  of  experiments  made 
with  the  primary  object  of  ascertaining  the  influence  of  light  and 
temperature,  and  also  of  variations  in  the  composition  and  con- 
centration of  the  solutions,  upon  the  process,  as  well  as  the  rate 
at  which  the  nitrification  progresses  and  the  relation  of  the  nitric 
acid  produced  to  the  ammonia  consumed.  The  importance  of  the 
conclusions  reached  warrants  us  in  giving  them  at  some  length. 
They  are  as  follows:  1.  A  solution  of  ammonium  chloride,  fully 
supplied  with  plant-food,  will  not  nitrify  if  germs  be  excluded. 
2.  Such  a  solution  containing  calcium  phosphate  and  potassium 
sulphate,  but  no  organic  salt  or  calcium  carbonate,  will  not  nitrify 
even  when  seeded.  3.  Such  a  solution,  supplied  with  sulphates 
and  phosphates  of  potassium,  calcium  and  magnesium,  with  cane 
sugar,  will  not  nitrify,  even  when  seeded.  4.  Such  a  solution 
containing  potassium  tartrate  in  addition  to  phosphates  and  sul- 
phates, may  nitrify  when  seeded,  but  the  nitrification  takes  place 
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very  slowly,  the  salifiable  base  required,  beins  famished  by  the 
gradual  decomposition  of  the  tartrate.  5.  Nitrification  takes 
place  speedily  only  when  an  excess  of  salifiable  base,  sach  as  cal- 
cinm  carbonate,  is  present  6.  Nitrification  may  occur  in  solutions 
in  which  calcium  salts  are  apparently  absent.  7.  A  proportion  of 
organic  carbon  (as  tartrate)  to  nitrogen  (present  as  N  H^Cl)  equal 
to  3 :  10  by  weight  suffices  for  the  purposes  of  nitrification,  and 
probably  even  less  would  be  sufficient  8.  Solutions  containing 
as  much  as  640  milligrams  NH^Cl  per  liter  can  be  completely 
nitrified,  though  the  limit  of  concentration  up  to  which  nitrifica- 
tion is  possible  has  not  yet  been  ascertained.  9.  Nitrification  is 
not  produced  by  the  growth  of  mould  which  takes  place  in  a 
solution  containing  tartrates.  10.  It  is  not  produced  by  growth 
of  bacteria ;  at  least  bacteria  may  flourish  in  solutions  of  composi- 
tion suitable  for  nitrification,  without  nitrification  taking  place. 
11.  Light  certainly  hinders  nitrification;  this  is  shown  by  eveij 
experiment  save  one.  In  twelve  experiments  out  of  thirteen,  it  is 
prevented  or  greatly  delayed  bv  exposure  to  light  or  rather  to 
alternate  light  and  darkness.  Evidence  is  yet  wanting,  however, 
that  the  nitrifying  ferment  is  killed  hy  light  In  nitrification  in 
the  light,  nitntes  are  abundant,  even  in  weak  solutions,  and  are 
very  permanent.  12.  Nitrification  does  not  take  place  at  the 
temperature  of  40**  (J.  Prolonged  exposure  to  this  degree  of  heat 
destroys  apparently  the  ferment  18.  The  addition  of  a  smaU 
quantity  ot  nitrifying  solution  to  an  ammoniacal  solution  of  suit- 
able composition  is  not  immediately  followed  by  perceptible 
action ;  a  period  of  rest,  often  of  considerable  length,  precedes  the 
active  work  of  the  ferment.  Whether  this  is  due  to  the  necessity 
of  multiplying  the  ^erm  to  produce  the  effiact  or  to  the  existence 
of  the  germ  in  a  passive  condition,  is  not  yet  settled.  14.  Increase 
in  the  concentration  of  the  ammoniaciu  solution  len^hens  the 
period  of  incubation.  15.  Increase  of  temperature  within  certain 
limits  greatly  reduces  the  length  of  the  period  of  incubation,  it 
being  shorter  at  80°  than  at  20°.  16.  The  period  of  actual  nitri- 
fication, which  succeeds  the  period  of  incuoation,  increases  with 
the  concentration  of  the  ammoniacal  solution,  and  if  the  tempera- 
ture be  fixed,  its  length  varies  nearly  as  the  degree  of  concentra- 
tion. Strong  solutions  require  rather  less  time  in  proportion  to 
their  strength  than  weak  ones.  17.  The  period  of  actual  nitrifica- 
tion diminishes  greatly  in  length  by  rise  m  temperature ;  though 
it  is  not  yet  proved  to  be  shorter  at  80°  than  at  20°.  18.  From 
16  and  17,  it  follows  that  the  average  rate  of  oxidation  increases 
up  to  a  certain  point  with  rise  of  temperature  and  is  also  somewhat 
increased  with  increasing  concentration  of  the  solution.  19.  The 
rate  of  oxidation  is  not  uniform  throughout,  the  process  of  nitrifi- 
cation beginning  slowly,  then  increasing  in  rapidity  and  after 
reaching  a  maximum,  diminishes  again  toward  the  close.  20.  The 
product  of  the  nitrification  is  not  uniform,  sometimes  nitrous  and 
sometimes  nitric  acid  being  produced.  A  purely  nitric  fermenta- 
tion has  occurred  only  in  the  case  of  cold  dilute  solutions  nitrified 
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in  the  dark.  With  strong  solutions,  or  at  elevated  temperatures, 
or  kept  in  the  light,  the  nitrification  is  wholly  or  chiefly  nitrous. 
Cold  dilute  solutions,  in  which  nitrification  is  long  checked  by  the 
absence  of  a  salifiable  base,  also  assume  the  nitrous  fermentation 
on  introducing  such  a  basa  21.  It  does  not  appear  that  the  pro- 
duction of  nitrous  acid  is  due  to  a  deficiency  oi  available  oxygen ; 
at  least  this  is  not  a  sufficient  explanation  for  all  the  facts.  It 
seems  rather  to  depend  on  the  conoition  of  the  ferment.  22.  Ni- 
trites produced  during  nitrification  sometimes  pass  into  nitrates 
with  astonishing  rapidity  during  the  final  stage  of  the  process  and 
before  the  ammonia  has  entirely  disappeared.  Under  other  cir- 
cumstances they  remain  unchanged  for  a  long  time  after  the  am- 
monia is  all  consumed.  Light  is  apparently  a  condition  which 
prevents  nitrites  from  turning  into  nitrates.  28.  The  nitrifying 
ferment  in  certain  conditions  seems  capable  of  producing  nitrous 
acid  only  and  is  incapable,  even  in  the  dark,  of  converting  nitrites 
into  nitrates.  24.  The  whole  of  the  ammonia  is  not  finally  ob- 
tained as  nitric  acid,  the  largest  proportion  so  obtained  being 
about  06  per  cent;  the  mean  of  ten  experiments  being  08*7  per 
cent.  In  one  exceptional  experiment  only  84*7  per  cent  was  pro- 
duced. 25.  A  solution  of  potassium  nitrite  remains,  for  a  long 
time  at  least,  without  change,  even  in  presence  of  tanrates,  phos- 
phates and  calcium  carbonate.  But  now,  if  a  small  quantity  of  a 
solution  in  which  nitrites  have  been  changed  into  nitrates,  be 
added,  the  oxidation  to  nitrate  is  rapidly  efiecied.  This  conver- 
sion takes  place  apparently  only  in  the  dark. — J.  Chem,  /Soc, 
XXXV,  420,  July,  1879.  g.  f.  b. 

3.  On  the  ChemiccU  Constittction  of  Alkali-metal  Amalgams, — 
Bbbthelot  has  investigated  the  question  of  the  chemical  compo- 
sition of  the  amalgams  which  mercury  forms  vrith  the  alkali-metals. 
A  series  of  these  amalgams  was  prepared,  some  liquid,  some  solid, 
and  treated  with  dilute  hydrochloric  acid,  the  heat  evolved  being 
measured.  At  the  same  time  the  quantity  of  the  alkali-metal 
present  was  determined  by  analysis.  The  experiment  was  always 
made  between  16^  and  18°,  the  quantity  of  amalgam  used  being 
such  that  the  variation  of  temperature  in  the  calorimeter  was 
between  1*5°  and  4°.  Beginning  with  a  liquid  amalgam  contain- 
ing 0-336  parts  K  to  100  parts  Hg,  or  Hg„^K„  the^  heat  set  free 
by  the  solution  of  one  atom  of  K  (39*1  erams)  in  dilute  HCl,  was 
36*8  calories,  and  hence  the  heat  evolved  by  one  atom  of  K  unit- 
ing with  Ilff  was  26*2  calories.  With  0*66  per  cent  K,  or  Hg^^K,, 
still  liquid  though  mixed  with  crystals,  the  heat  in  the  former  case 
is  31*3  and  in  the  latter  30*2.  With  1*34  per  cent  K,  or  Hg„K  , 
a  pasty  amalgam,  the  numbers  are  27*8  and  38*7.  With  1*86  If 
(Hgj^jK  ),  27*26  and  84-2,  the  amalgam  being  solid.  With  2  per 
cent  K  (Hg„^KJ,  26-7  and  34-8.  With  3-40  (Hg„KJ,  31-80  and 
29-7.  With  about  8  per  cent  K,  41-2  and  203.  With  8-2  K 
(Hg,^K,),  40-7  and  20-8.  With  11-86  K  (Hg,.,K,),  46-2  and  16-3. 
Hence  it  appears  that  the  heat  of  formation  of  these  amaleams 
increases  at  nrst  to  a  maximum  and  then  diminishes  again.    This 
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maximum  corresponds  to  a  definite  and  crystallized  amalgam 
analyzed  by  Crookewitt  and  by  Kraut  and  Iropp,  containing  1'6 
per  cent  K  and  having  consequently  the  formula  Hg^^K.  Hg„ 
liquid  +  K  =  Hg„K  evolves  34*2  calories;  or  27*5  calories  if  the 
Hg  be  solid;  values  comparable  to  those  of  combinations  formed 
with  powerful  attractions,  and  lowering  the  heat  of  oxidation  of 
K  in  its  amalgams  to  ^  48  calories.  If  this  amalgam  be  now  dis- 
solved in  four  times  its  weight  of  mercury,  we  have  26*2— 34-2  = 
—  8  calories  absorbed,  a  value  of  the  same  order  as  is  given  by 
the  solution  of  saline  hydrates.  These  results  point  out  the 
existence  of  other  solid  and  crystalline  amalgams  of  potassium. 
Sodium  acts  similarly  in  amalgams,  the  maximum  heat  oeing  21*1 
calories  for  one  atom  Na  corresponding  to  1*88  per  cent  Na 
(Hg„Na)  a  solid,  crystalline  amalgam  analyzed  bv  Kraut  and 
Popp.  This  gives  for  the  heat  of  oxidation  of  Na  wnen  dissolved 
in  llg  56  calories.  The  attraction  of  K  and  Na  for  oxygen  when 
free,  is  inverted  in  their  amalgams,  ilence  the  anomaly  that 
sodium  in  an  amalgam  will  displace  the  potassium  in  dissolved 
potassium  hydrate. —  C.  72.,  Ixxxviii,  1336,  June,  1879.    g.  p.  b. 

4.  On  the  Action  of  Dehydrating  Subatancea  upon  Camphoric 
acid  and  its  amides. — ^In  the  hope  of  producing  the  nitrile  of 
camphoric  acid,  which  though  an  isomer  of  nicotme,  is  not,  since 
the  latter  is  a  tertiary  base,  identical  vrith  it,  Ballo  has  studied 
the  action  of  dehydrating  agents  upon  the  camphoryl-amide  of 
Laurent.  According  to  the  analogy  with  similar  bodies,  this 
amide  under  the  influence  of  dehydration  must  split  into  the 

nitrile  and  water  thus :  C,H,,  |  gg^^«=(H,0),+C,H,,  |  g^.    So 

also  camphoramic  acid  C,H,J  ggg^^^  =(H.0),+C3H,,|  gg; 

^COONtl  iCN 

and  ammonium  camphorate  Cfl^A  ^qq^.  jj«=(H,0)^+C,Hj^-|  q^' 

For  the  preparation  of  the  amide,  he  at  first  passed  ammonia 
gas  into  a  solution  of  camphoric  oxide  in  alcohol.  But  the  alco- 
hol was  not  entirely  free  from  water  and  only  ammonium  cam- 
phorate resulted.  The  syrupy  mass,  heated  with  eight  or  ten 
times  its  weight  of  fused  zinc  chloride,  gave  an  oily  distillate  con- 
sisting mainly  of  the  hydrocarbon  C^H,^,  which  the  author  calls 
campholene  and  regards  as  identical  with  that  obtained  by  Gille 
from  campholic  acid.  This  experiment  shows  that  under  this 
influence  camphoric  acid  decomposes  exactly  as  oxalic  acid  does : 

C^H,  iggg^  =  C3H,,+C0,+C0+H,0.  In  a  second  experi- 
ment, the  amide  was  attempted  by  acting  on  camphoryl  chloride 
with  ammonia.  The  product  of  the  reaction  was  again  a  syrup, 
which,  distilled  with  phosphoric  oxide  gave  a  yellow  oil,  boiling 
for  the  most  part  between  260*^  and  280°  and  having  the  composi- 
tion of  a  polyterpene  C,^H,j.  From  its  origin,  he  called  it  cam- 
photerpene.  The  third  experiment  was  like  the  first,  especial  care 
being  taken  to  free  the  alcohol  completely  from  water.    Ammo- 
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nium  camphoramate  was  the  result.     Distilled  alone,  it  gave 

camphorimide  C^H,^  \  qq  t  NH.    This  body,  distilled  with  zinc 

chloride  yielded  campholene  and  camphoterpene  only,  the  result- 
ing amide  being  saponified  by  the  zinc  chloride  and  the  phospho- 
ric  acid.  Ammonium  camphoramate  itself,  distilled  with  phos- 
phoric oxide  directly,  gave  the  desired  nitrile  mixed  with  cam- 
pholene. Kecrystallized  from  alcohol,  it  was  obtained  as  a  color- 
less crystalline  bod^r,  odorless  when  pure  and  quite  similar  in 
appearance  to  the  imide.  Ballo  closes  nis  paper  with  some  theo- 
retical deductions,  in  which  he  formulates  camphor  as  a  tertiary 

alcohol  C-J  xVV  *•'    ,  the  carbinol  of  the  trivalent  radical  C,Hj^; 


g).HJ" 


in  which  case  borneol  is  the  secondary  alcohol  C  •<  H  and 

/oh 

( (C.H,,)' 
menthol  the  primary  alcohol  C  ■<  H         . — Liebig^s  Ann.^  cxcvii, 

321,  June,  1879.  o.  p.  b. 

5.  A  new  Synthesis  of  Methyl-violet, — Hiissen'Oamp  has  described 
a  new  synthesis  of  methyl-violet.  When  a  mixture  of  one  part  of 
pure  benzene  sulphochloride  and  two  parts  of  dimethyl-aniline  is 
warmed  in  a  flask  on  the  water  bath,  reaction  takes  place  readily 
and  a  deep  blue  liquid  results,  becoming  deeper  and  more  violet 
continually  until  after  some  hours  a  thick  mass  is  left  having  a 
strong  metallic  luster.  The  reaction  goes  on  with  great  uniform- 
ity and  no  gas  is  evolved.  The  behavior  of  the  new  color  to 
fibers  first  sujjcested  that  methyl-violet  had  been  formed.  On 
boiling  out  with  water,  the  presence  of  phenyl  sulph-hydrate  is 
proven.  Since  the  maximum  yield  is  from  one  molecule  of  the 
sulphochloride  and  three  of  dimethyl-aniline,  the  reaction  must 
take  place  as  follows : 

(CH,).NC.H, )     (  C.H, 
C.H.SO.Cl+(C.H.N(CH.).),=  fc^        +HCl-f- 

(H,0),-f-C.H,SII.— J5er.  Berl.  Chem.  Ges.,  xii,  12V6,  July,  1879. 

G.  P.  a 

6.  On  the  Alkaloids  of  Japanese  Aconite  Roots. — Wbight,  in 
connection  with  Lupp  and  subsequently  with  Mbnkb,  has  exam- 
ined the  alkaloids  contained  in  some  aconite  roots  recently 
imported  into  England  from  Japan.  The  conclusions  of  the 
paper  are :  (1)  Aconite  roots  from  Japan  are  tolerably  uniform  in 
character  and  considerably  richer  in  active  crystallized  alkaloids 
as  well  as  non-crystalline  bases  than  A,  napellus,  (2)  The  active 
crystalline  alkaloid  is,  as  Paul  and  Kingzett  suppose,  different 
from  both  aconitine  and  pseudaconitine,  though  closely  allied  to 
both,  especially  the  former.  (3)  Only  one  ciystallized  alkaloid 
could  be  isolated  from  each  of  three  different  batches  of  roots. 
This  has  the  formula  C,,H„N,0,,.     (4)  This  alkaloid,  to  which 
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the  name  japaconitiue  is  assigned,  breaks  up  upon  saponificatioa 
into  benzoic  acid  and  a  new  base  japaconme,  C„H^,NO,^.  On 
treatment  with  benzoic  oxide,  it  forms  derivatiyes  containing  fonr 
benzoyl  groups  for  every  C„  originally  present;  differing  from 
aconitine,  which  gives  only  a  di-benzoyl  aeriyative.  Japaconine 
gives  the  same  derivative  on  benzoylation.  These  alkaloids 
closely  resemble  aconitine  and  aconine  and  are  distinguished  only 
by  analysis  or  by  their  benzoyl  derivatives.  Japaconitine  forms 
readily  crystallizable  salts  especially  with' nitric,  hydrochloric  and 
hvdrobromic  acids,  the  latter  salt  containing  2^  H,0  for  every 
C,,,  like  aconitine.  (6)  In  isolating  japaconitine,  plain  alcohol, 
instead  of  alcohol  acidified  with  tartaric  acid  must  oe  used.  All 
the  alkaloids  are  easily  extracted  thus.  (7)  The  relation  of  japa- 
conitine to  its  derivatives  and  to  aconitine  is  conveniently  ex- 
pressed by  regarding  it  as  formed  by  the  sesqnihvdration  of  an 
alkaloid  0„H^,NOj,  not  yet  isolated. — J^  Chem.  Soc*^  xxxv,  387, 
July,  1879.  G.  p.  B. 

7.  Determincttion  of  Vapor  DensUieB, — The  method  of  determin- 
ing the  density  of  vapors  invented  by  Victor  and  Carl  Meyer  has 
already  been  noticed  in  this  Journal,  and  the  chief  results  which 
they  have  obtained  by  means  of  it  have  been  stated.  But  this 
method  demands  more  than  a  passing  notice.  It  is  so  simple  in 
its  theory  and  manipulation,  so  universal  in  its  application,  and  it 
avoids  in  such  a  remarkable  way  the  main  difficulties  and  sources 
of  inaccuracy,  which  are  inherent  in  all  the  methods  hitherto 
employed  for  the  same  purpose,  that  it  promises  to  become  one  of 
the  most  important  aids  in  the  investigation  of  chemical  science. 
The  theory  of  the  method  may  be  stated  thus. 

If  a  known  amount  of  some  volatile  substance  is  suddenly  dropped 
into  an  appropriate  vessel  heated  to  a  constant  temperature,  which 
is  sufficiently  nigh  to  convert  the  material  to  an  aeriform  condition, 
it  is  obvious  that  the  substance  in  volatilizing  will  expel  from  the 
vessel  a  quantity  of  air,  which  must  be  the  exact  equivalent  of 
the  volume  of  vapor  formed — that  is,  an  amount  of  air  which  at 
the  unknown  temperature  and  pressure  in  the  vessel  would  just 
fill  the  space  of  tne  vapor.  Hence  then  the  specific  gravity  of 
the  vapor  is  the  known  weight  of  the  material  used  divided  by 
the  weight  of  the  air  expelled.  The  problem  is  thus  reduced  to 
finding  the  weight  of  the  air  expellecf,  and  is  wholly  independent 
of  the  temperature  or  volume  of  the  vessel,  both  of  which  may 
remain  unknown  quantities.  All  the  uncertainties,  therefore,  con- 
nected with  the  measurements  of  high  temperatures,  or  of  the 
volume  of  the  vessel  under  such  conditions,  are  avoided.  We 
have  only  to  collect  the  air  over  a  common  water  pneumatic 
trough  and  measure  its  volume,  at  the  ordinary  temperature  and 
pressure  of  the  air  in  the  laboratory,  and  from  these  data  we  can 
easily  calculate  the  weight  required;  or,  if  the  material  under 
examination  is  liable  to  oxidation,  the  vessel  may  be  previously 
filled  with  nitrogen  or  some  other  inert  gas,  since  the  volume  of 
such  gas  will  be  the  eame  as  the  volume  of  the  air  under  the 
same  circumstances. 
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The  only  apparatus  required  in  most  cases  is  represented  in 
the  accompanying  figure,  which  is  drawn  to  scale.  The  bulb  b 
has  a  capacity  of  about  100^^'  and  is  about  20  cm.  long,  and 
the  glass  tube  to  which  it  is  attached  is  about  60  cm.  long  and 
6  mm.  wide.  The  upper  end  of  this  tube  is  closed  by  a  rubber 
stopper  d^  while  to  its  side  is  united  the  very  narrow  delivery 
tube  a,  which  conducts  the  expelled  air  to  a 
pneumatic  trough.  By  means  of  a  wire  guard 
the  bulb  is  prevented  from  touching  the  sides 
of  the  iron  bath  in  which  it  is  heated,  and  a 
small  amount  of  asbestos  at  the  bottom  of 
the  bulb  serves  to  break  the  fall  of  the  small 
weighing  tube,  holding  the  weighed  substance, 
which  is  dropped  in  at  d.  The  iron  bath  is 
made  of  a  snort  piece  of  two-inch  gas  pipe 
closed  by  welding  at  the  bottom,  and  sup- 
ported on  a  tripod  of  such  height  that,  while 
the  tripod  stands  on  the  floor,  the  pneumatic 
trough  mav  stand  on  a  table  of  medium  height. 
In  the  bath  may  be  used  paraffine  or  a  molten 
metal  as  circumstances  require,  and  its  tem- 
perature is  maintained  by  gas  burners,  more 
or  less  powerful  according  to  the  temperature 
to  be  oDtained.  For  comparatively  low  tem- 
peratures the  most  convenient  bath  is  the 
vapor  of  some  high  boiling  liquid,  whose  ebul- 
lition is  so  regulated  that  the  vapor  condenses 
before  reaching  the  open  mouth  of  the  long 
necked  boiling  flask  in  which  the  bulb  is  held. 
In  a  bath  of  melted  lead  a  low  red  heat  is 
easily  obtained,  and  it  has  been  found  that 
tubes  of  Bohemian  glass  will  readily  sustain 
this  temperature  without  collapsing,  for,  al- 
though tne  glass  may  take  a  new  set  under 
the  circumstances,  the  resulting  change  of  vol- 
ume is  of  no  importance  in  this  process.  In 
their  later  experiments,  the  Brothers  Meyer 
have  used  a  porcelain  vessel,  heated  in  the 
mu£Bc  of  a  gas  furnace  to  a  temperature  above 
the  melting  point  of  cast-iron. 

After  the  bath  has  been  heated  to  the  degree 
required,  and  its  temperature  has  become 
constant  Ta  condition  which  is  indicated  by 
the  fact  tnat  bubbles  of  gas  cease  to  escape 
from  the  open  mouth  of  the  tube,  while  at  the 
same  time  there  is  no  tendency  in  the  water 
to  recede)  the  necessary  observations  are  made  in  a  very  simple 
way.  The  stopper  at  c?  is  removed,  the  small  tube  containing 
the  weighed^substance  is  dropped  in,  and  the  stopper  instantly 


replaced.    The  few  bubbles  of  air  displaced  by  the  stopper  are  of 
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coarse  neglected ;  but  the  air,  which  soon  be^ns  to  stream  orer 
in  consequence  of  volatilization  of  the  material  introduced,  is  col- 
lected over  water  in  an  ordinary  graduated  tube.  The  experiment 
is  soon  finished,  and  the  stopper  d  must  then  be  removed,  to  pre- 
vent any  recession  of  the  water  in  the  trough. 

It  remains  only  to  measure  the  volume  of  the  air  in  the  gradu- 
ated tube  with  the  usual  precautions.  For  this  purpose  the  tube 
with  its  contents  is  transferred  to  a  tall  cylindrical  glass  vessel  of 
water,  and  held  by  a  clamp  in  a  vertical  position,  so  that  the 
water  is  at  the  same  level  within  and  vrithout  the  tube,  and,  as 
soon  as  an  equilibrium  of  temperature  is  attained,  we  observe  the 
volume  of  the  air,  the  temperature  of  the  air  (necessarily  the  same 
as  that  of  the  water  confining  it)  and  the  height  of  a  neighboring 
barometer.  We  have  now  V,  H  and  /,  from  which  we  can  calcu- 
late the  corresponding  weight.  But  in  making  this  calculation 
we  must  remember  that  the  air  when  measured  is  saturated  with 
moisture,  and  therefore,  that  in  order  to  find  the  true  tension  of 
the  confined  air,  we  must  subtract  from  the  reduced  height  of  the 
barometer  the  maximum  tension  of  the  vapor  of  water  at  the  tem- 
perature t.  Representing  by  h  this  tension  (which  will  be  found 
in  Regnault^s  tables),  we  have  for  the  weight  of  the  air  displaced 
by  the  vapor 

W'=0-001293?^-  .  ttS-T; 
76         273+«    * 

and  if  W  represents  the  weight  of  the  substance  used 

W 
Sp.Gr.  =  ;^,. 

For  convenience  of  logarithmic  calculation  these  formulte  are 
easily  combined  into  the  following  form : 

log  (Sp.  Gr.)  =  2-3830  +  ar.  co.  log  (H  -  A)  +  log  (273+0  +  ar.  co. 

logV+logW. 

In  these  determinations  it  is  important  that  the  amount  of  sub- 
stance taken  should  never  more  than  one-half  fill  the  vessel  b 
with  vapor,  lest,  in  the  process,  some  of  the  vapor  should  be 
driven  out  with  the  air.  The  least  loss  of  material  caused  in 
this  way  would  evidently  be  fatal  to  the  accuracy  of  the  method ; 
but,  short  of  such  a  result,  no  admixture  of  the  vapor  with  the 
air  in  the  vessel  can  afiect  the  process ;  since,  according  to  the 
well-known  laws  of  Dalton,  tJte  elastic  force  of  a  mixture  of  gcu 
and  oapor  i$  equal  to  the  sum  of  the  tensions  which  each  would 
have  separately/.  In  the  case  of  a  heavy  vapor,  no  considerable 
mixing  with  the  air  daring  the  short  time  of  the  experiment  was 
to  be  feared,  but,  when  the  vapor  was  lighter  than  air,  such  a 
rapid  admixture  as  would  leaa  to  large  loss— even  when  the 
volume  of  the  vapor  was  small  as  compared  with  that  of  the 
vessel — might  reasonably  be  expected.  Hence  it  was  with  sur- 
prise that  the  method  was  found  to  be  applicable  to  light,  vapors 
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as  the  following  example  shows,  selected  for  this  reason  to  illus- 
trate the  manner  in  which  the  calculations  are  best  made. 

Example, — Determination  of  the  specific  gravity  of  the  vapor 
of  water:  The  vessel  was  heated  to  a  constant  temperature  in  the 
vapors  of  xylol  and  a  tube  containing  0*0102  grams  of  water 
dropped  in  as  described.  The  air  expelled  measured  14*6  cm.  at 
16*^1,  apd  the  reduced  height  of  the  barometer  in  the  room  was 
72*33  cm.  By  the  tables  the  maximum  tension  of  the  vapor  of 
water  at  16°'l  is  1*36  cm.     Hence 

CoMUntlog a-3330 

H— A=70-97  or.  oo.  log 8-1490 

2t3  +  <=a89l  log 2-4611 

V=14-6ar.  00.  log 8-3366 

W=0-01021og 70086 

Sp.gr.  0'61S 9-7873 

Theory  H,0  0-623 

Two  other  independent  determinations  of  the  same  value  gave 
0*68  and  0*64  respectively. 

On  account  of  the  great  ease  with  which  vapor  densities  can  be 
determined  by  this  process,  we  have  reason  to  hope  that  it  will 
serve  to  greatly  multiply  the  fundamental  data  on  which  our 
knowledge  of  molecular  weights  is  based.  Already  some  remark- 
able results  of  this  kind  have  been  obtained.  Thus  the  vapor 
densities  of  arsenious  and  antimonious  oxide  at  the  temperature 
of  molten  cast  iron  have  been  found  to  be  13-8  and  19*8  respec- 
tively (the  mean  in  each  case  of  two  determinations),  and  these 
correspond  to  the  symbols  As^O,  and  Sb^O,  instead  of  the  received 

rbols  ASjO,  and  Sb,0,.  On  the  other  hand  cuprous  chloride  at 
same  high  temperature  gave  a  vapor  density  of  6*93,  corres- 
ponding to  Cu  Cl^,  thus  confirming  the  received  opinion  in  regard 
to.  its  constitution,  which  was  previously  based  chiefly  on  theoret- 
ical considerations  connected  with  the  atomicitv  of  its  elements. 

In  the  Berichte  der  Deutsch.  Chem.  Gessell.  of  July  28th,  re- 
ceived since  the  above  was  in  type,  we  have  an  account  of  a  still 
more  remarkable  result  which  the  Brothers  Meyer  have  obtained 
with  their  method  of  determining  vapor  densities.  Having  in  the 
first  place  established  the  fact  that  mercui-y  and  oxygen  (by  exper- 
iment), and  nitrogen  (by  inference),  retain  their  normal  vapor  or  gas 
density  and  therefore  their  normal  molecular  structure  even  at  the 
highest  temperature  of  a  gas  furnace,  about  1567°  C,  they  next 
experimented  on  chlorine,  by  dropping  a  weighed  amount  of  PtOl, 
into  the  heated  porcelain  vessel  aoove  descnbed ;  and  it  appears 
from  these  experiments  that  at  temperatures  above  800°  chlorine 
gas  undergoes  disassociation.  Thus  at  about  620°  the  density 
found  was  2*42,  2*46. 

Theory  for  CI,  2.46 
At  about    808"*  the  density  found  was    2*21    2*19 
"         1028**  "  "  1-86     1-89 

"         1242°  "  "  1-66  1-66 

"         1392"  "  "  1-66  1-69 

"         Ib^V  "  "  1-60  1-62 

Theory  for  \  Ci%  1*63 

Am.  Joctb.  Sol— Thibd  Sbribs,  Vol.  XYUI,  No.  105.— Sept.,  1879. 
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Hence  between  1242**  and  1667®  the  density  of  chlorine  gas  is 
constant  at  two-thirds  of  its  normal  value,  and  its  molecular 
weight  which  is  normally  71  becomes  at  temperatures  above  1200®, 
equal  to  4  7 '3.  In  the  present  paper  the  Brothers  Meyer  offer  no 
definite  explanation  of  this  most  remarkable  result,  but  they  refer 
to  the  old  theory  which  regarded  chlorine  as  an  oxide  as  furnish- 
ing a  possible  explanation  of  the  anomaly  and  propose  to  attempt 
to  separate  by  oiffn^iou  at  1567®  the  disassociated  elements  of 
chlonne  if  such  exist.  J.  p.  c,  jb. 

8.  Compressibility  of  gases  at  high  pressures, — Amagat  con- 
tinues his  work  upon  this  subject  at  St.  Etienne  in  a  shaft  380 
meters  deep.  He  proposes  to  study  a  series  of  gases  and  gives, 
as  a  preliminary  result,  his  observations  upon  nitrogen,  taking 
this  gas  for  a  basis  on  account  of  the  facility  with  which  it  can  be 
prepared  in  a  comparatively  pure  state.  The  results  are  given  in 
the  following  table.  P  represents  the  pressure  in  meters  of  quick- 
silver, P'  the  atmospheric  pressure,  v  tne  original  volume,  Pt)  the 
product  of  the  pressure  ana  the  volume. 


Pv 

p 

P' 

Pv 

F.v. 

96698 

127-223 

51594 



128-296 

168-684 

52860 

o"9760 

158-563 

208-622 

54214 

0-9516 

190-855 

25M27 

55850 

0*9238 

221-103 

290-924 

57796 

0-8927 

252-353 

332039 

59921 

0-8613 

283-710 

373-302 

62708 

0-8297 

327-388 

430-773 

65428 

0-7885 

The  temperature  was  maintained  nearly  constant  from  22-00  to 
22*03®.  At  430  atmospheres  it  was  found  that  the  gas  volume 
was  one-fourth  smaller  than  it  should  be  according  to  Marriotte's 
law. —  0.  R.y  Ixxxviii,  1879,  p.  336 ;  Beiblatter  Annalen  der  Physik^ 
No.  6,  1879,  p.  414.  j.  t. 

9.  Elements  of  Modem  Chemistry ;  by  Adolphb  Wuetz, 
Professor  of  Chemistry  of  the  Faculty  of  Medicine  of  Paris,  etc. 
Translated,  with  the  Author's  approval,  by  Wra.  H.  Green,  M.D. 
687  pp.  12mo,  with  132  illustrations.  Philadelphia,  1879.  (Lippin- 
cott  &  Co.). — In  a  preface  to  this  American  edition  of  Professor 
Wurtz's  Chemistry,  the  author  states  that  his  friend  and  former 
pupil.  Dr.  Green,  presents  in  this  translation  "  a  faithM,  or  even 
improved,  representation  of  the  original  work."  The  hand  of  a 
master  is  seen  in  this  book,  which  is  simple,  direct,  and  symmet- 
rical in  its  discussion  of  elementary  facts  and  principles.  The 
subject  of  Chemical  Philosophy  is  naturally  divided  under  two 
heads ;  so  much  as  is  essential  to  the  study  of  the  metalloids  is 
compressed  into  less  than  fifty  pages,  at  the  commencement  of 
the  volume,  while  the  theory  oi  Atomicity,  the  Constitution  of 
Salts  and  Classification  of  Metals  are  treated  in  about  the  same 
space  before  the  metals.  The  general  ideas  upon  the  Constitution 
of  Organic  Compounds  are  compressed  into  about  thirty  pages 
preceding  that  subject.  Many  teachers  and  students  will  gladly 
adopt  this  book  as  a  manual     Its  order  is  logical  and  the  main 
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facts  of  discovery  are  clearly  stated,  and,  as  far  as  possible,  in  his- 
torical order,  with  a  severe  exclusion  of  extraneous  matters.  Its 
usefulness  would  be  increased  by  a  synoptical  table  of  contents 
and  a  fuller  index  of  proper  names  and  subjects:  e.  g.,  one  looks  in 
vain  for  such  important  words  as  molecule,  atom,  Ampere,  Avo- 
grado,  volume,  gas,  and  many  other  equally  essential  terms.  A 
French  work  has  rarely  a  good  index ;  but  an  English  translation 
need  not  repeat  this  fault.  In  these  days,  when  gas  has  com- 
pletely replaced  the  old-time  charcoal  furnaces  as  a  source  of  heat 
m  the  laboratory,  it  looks  strange  to  see  these  historic  things  re- 
produced from  old  cuts  in  the  newest  French  booL  b.  s. 

II.  Geology  and  Mineralogy. 

1.  Discovery  of  specimens  of  Maclurea  magna^  of  t?^  Chazy^ 
in  the  Barnegat  limestone^  near  Newburg^  New  York;  by  R.  P. 
Whitfield.  ( From  a  letter  to  J.  D.  Dana,  dated  American  Mu- 
seum of  Natural  History,  Central  Park,  New  York,  July  30, 1879.) 
— Being  on  business  at  Newburg,  New  York,  on  July  19th  last,  1 
stopped  for  a  few  minutes,  in  passing  a  quarry  of  the  Barnegat 
limestone,  situated  near  the  northwest  base  of  Snake  Hill  on  the 
"  Little  Pond  Road"  one  and  three  quarter  miles  southwest  of  New- 
burg Ferry,  where  I  obtained  from  the  thin  shaly  layers  of  the 
limestone,  remains  of  three  specimens  of  Maclurea  magna  Les.,  one 
of  which  is  sufficiently  well  preserved  to  be  unmistakable. 

This  information  may  aid  somewhat  in  determining  the  age  of 
the  Taconic  schists  which  you  have  been  so  ably  discussing,  and 
also  serve  to  confirm  the  statement  made  by  you  on  page  382  of 
the  May  number  of  this  Journal. 

2.  dn  a  recent  Silent  discharge  of  Kikmea ;  by  Dr.  Titus 
CoAN.  (From  a  letter  to  J.  D.  Dana,  dated  Honolulu,  Hawaii, 
June  20,  1879.) — You  may  have  heard,  ere  this,  that  Kilauea  has 
again  disgorged  a  fiery  flood,  and  retired  within  her  subterraneaa 
chambers.  A  little  over  ten  years  had  elapsed,  during  which  time 
the  repairs  of  the  eruption  of  1868  were  going  on,  until  the 
emptied  "  South  Lake"  was  replenished,  "  heaped  up  and  running 
over ;"  when,  without  premonition,  an  unknown  subterranean  pas- 
sage was  opened  and  the  vast  fiery  basin  was  emptied,  as  in  1868.* 
But  tliis  disgorgement  was  hidden  and  peculiar.  The  lake  of 
fusion,  which  had  been  raised,  by  its  self-made  surrounding  wall, 
nearly  to  the  height  of  the  outer  rim  of  the  crater,  quietly  sub- 
sided several  hundred  feet,  ceased  its  boiling  and  nearly  extin- 
guished its  fires,  leaving  nothing  but  a  vast  smoking  cauldron. 

You  may  remember  that  after  the  grand  eruption  of  1868, 1  suc- 
ceeded in  scrambling  down  into  the  bottom  of  this  evacuated  pit , 
about  400  feet  deep,  and  measuring  across  its  bottom,  a  distance 
of  one  mile  minus  about  100  feet.     This  awful  cauldron  had  only 

*  Mr.  Coan  does  not  mention  the  precise  time  of  this  eruption ;  but,  from  some 
statements  in  the  Sandwich  Island  papers,  it  probably  took  place  in  April  last. 
The  "  South  Lake"  referred  to  is  in  the  bottom  of  Kilauea ;  and,  though  large,  is 
small  compared  with  the  area  of  the  bottom  of  the  pit,  the  longest  diameter  of 
which  is  3i  miles.  j.  d.  d. 


Digitized  by 


Google 


228  Scientific  Intelligence, 

a  few  days  before  been  filled  to  overflowing  with  boiling  lava, 
raging,  rolling  in  fiery  waves  from  side  to  side  of  the  glowing  pit, 
dashing  against  its  heated  walls  and  throwing  up  its  sheets  and 
spouts  of  Uquid  fire  20,  40  and  50  feet  into  the  air,  while  the  sur- 
rounding deposits  of  solidified  scoria  formed  a  smoking  mountain. 
Out  of  the  northern  and  northwest  sides  of  this  accumulated  mass 
of  volcanic  products  streams  of  liquid  lava  burst  from  time  to 
time,  flowing  down  into  the  central  region  of  the  crater,  and  thus 
raising  it,  foot  by  foot,  for  months  and  years.  Added  to  these 
subaerial  outflows,  there  were  oft-repeated,  upward  or  vertical 
gushings  of  lava  through  seams  and  crevices ;  and  thus,  by  these 
twofold  actions,  the  great  central  depression,  caused  by  the  subsi- 
dence of  a  very  large  area  of  this  part  of  tiie  crater,  was  gradu 
ally  filled  up. 

One  feature  of  this  last  eruption  of  Kilauea  is  the  fact  that  the 
great  molten  lake  was  drawn  oE  subterraneously,  giving  no  warn- 
ing of  its  movements,  and  leaving  no  visible  indication  of  its  path- 
way, or  of  the  place  of  its  final  deposit.  Other  eruptions  nave 
blazed  their  way  upon  the  surface  to  the  sea,  or  while  on  their 
subterranean  way  have  rent  the  superincumbent  beds,  throwing 
out  jets  of  steam  or  of  sulphurous  gases,  with  here  and  there 
small  patches  or  broad  areas  of  lava.  But  as  yet  no  surface  marks 
of  this  kind  reveal  the  silent,  solemn  course  of  this  burning  river. 
One  theory  is  that  it  flowed  deep  in  subterranean  fissures,  and 
finally  disembogued  far  out  at  sea.  Our  ocean  was  much  dis- 
turbed during  tnese  days,  and  we  had  what  might  be  called  a 
tidal  wave  of  moderate  magnitude.  For  some  time  after  this 
eruption,  Eilauea  lay  with  scarcely  any  visible  fire,  and  only  here 
and  there  puffs  of  white  steam  and  jets  of  escaping  gases.  All 
visitors  were  for  several  weeks  greatly  disappomted,  and  some 
were  inclined  to  think  that  the  vivid  descriptions  of  former  visitr 
ors  were  fabulous ;  but  later  advices  report  the  old  goddess  as 
arousing  from  her  slumbers,  stirring  up  the  coals,  lighting  her 
lamps  and  sending  out  fiery  glances  from  her  red  eye-balls.  So 
the  old  process  of  replenishment  has  begun  and  after  another 
decade  another  disgorgement  may  take  place. 

Mokuaweoweo,  the  summit  crater,  has  been  quiet  for  a  long 
time.  Moderate  earthquakes  occasionally  admonish  us  that  noth- 
ing earthly  is  stable ;  our  aerial  thunders  have  never  been  more 
sublime  than  during  March,  April  and  May. 

3.  llie  recent  Eruption  of  £kna. — In  regard  to  this  eruption 
we  have  before  us  the  report  of  Professor  O.  Silvestri  of  the 
University  of  Catania  to  the  Italian  Ministry,  and  also  the  re- 
port of  G.  H.  Owen,  U.  S.  Consul  at  Messina,  to  the  Department 
of  State.  The  former  is  a  quarto  pamphlet  of  nineteen  pages, 
with  an  excellent  topographical  map  of  the  region  to  the  distance 
of  about  twenty  kilometers  from  the  summit  in  all  directions. 
Upon  this  is  charted  not  only  the  course  and  extent  of  the  recent 
outflow  of  lava  but  those  of  previous  eruptions  also. 

Silvestri  regards  the  recent  eruption  as  a  sequel  to  that  of  August 
29,  1874,  when  a  rift  opened  upon  the  northeastern  side  of  the 
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mountain,  along  which  a  number  of  eruptive  mouths  were  formed 
and  from  which  lava  was  discharged.  At  that  time  however  the 
activity  continued  for  only  a  few  hours,  although  the  rift  remained 
open  for  some  days.  In  his  notice  of  that  eruption  (Bulletino  del 
Vulcanismo  Anno  I)  Silvestri  predicted  that  at  the  next  eruption 
this  rift  would  prove  the  weakest  point  and  would  be  the  scene  of 
the  outbreak.  This  is  exactly  what  has  happened.  This  fissure 
of  1 874  has  become  extended,  reaching  across  the  main  crater  in 
a  north-northeast  and  south-southwest  direction,  to  a  length  of 
ten  kilometers.  And  from  its  extremities  the  lava  has  poured 
forth,  beginning  on  the  evening  of  May  26tL  On  the  southwest 
it  took  the  direction  of  the  old  lava  flow  toward  the  town  of 
Adem6,  but  its  course  was  arrested  after  flowing  about  two  kilo- 
meters. From  the  northeastern  extremity  of  the  rift  the  flow  ex- 
tended in  the  direction  of  Mojo,  continuing  to  advance  until  about 
June  6,  when  it  had  reached  a  distance  of  eleven  kilometers  from 
its  source,  and  its  front  had  stopped  but  a  short  distance  from  the 
river  Alcantara.  Further  details  of  Professor  Silvestri's  report 
may  be  found  by  English  readers  in  Nature,  June  26,  1879. 

A  paper  presented  to  the  Paris  Academy  of  Sciences  by  M. 
Fonqu^,  says  that  "on  the  north-north-east  side  there  are  ten 
distinct  craters,  two  of  which  are  enormous  (200™  diameter,  and 
80°*  depth).** 

The  report  of  U.  S.  Consul  Owen  to  the  State  Department  is 
dated  Messina,  June  20,  and  in  it  he  says:  "The  eniption  was  pre- 
ceded by  a  slight  shock  of  earthquake  that  was  felt  throughout 
the  island  and  at  Reggio  on  the  continent  Two  new  craters  were 
opened,  one  near  the  summit  on  the  south-southwest  side  of  the 
mountain  and  the  other  on  the  north-northeast  lower  down  the 
slope.  The  former  ceased  to  erupt  after  a  day  and  half,  while  the 
latter  continued  its  eruption  till  wie  11th  inst.  The  discharges  of 
lava,  especially  on  the  side  last  mentioned,  were  attended  by  great 
shaking  and  trembling  of  the  soil  and  loud  detonations  that  could 
be  heard  at  a  distance  of  twenty  miles.  At  the  same  time  the 
crater  began  to  emit  great  clouds  of  dense  black  smoke,  ashes  and 
cinders,  that  fell  on  the  surrounding  country  in  a  shower,  and  were 
carried  by  the  strong  sirocco  blowing  at  the  time  even  as  far 
north  as  the  province  of  Naples.  In  Messina  the  pavements 
and  balconies  were  covered  with  this  black  dust,  and  during  its 
fell,  which  was  of  ten  hours  duration,  it  was  disagreeable  to  go 
out  of  doors  with  the  eyes  unprotected.  The  lava,  contrary  to 
general  opinion,  was  not  a  stream  of  liquid  fire,  but  rather  re- 
sembled a  moving  mass  of  stones  in  a  state  of  incandescence,  for 
as  each  successive  discharge  would  expel  the  matter  in  a  half 
melted  condition,  it  would  accumulate  at  the  mouth  of  the  crater, 
where  cooling,  it  would  remain,  until  pressed  forward  by  the  dis- 
charges of  new  lava.  The  flow,  if  so  it  can  be  called,  was  very 
gradual.  The  stream  of  lava  toward  the  northeast  was  700 
meters  in  width  and  the  distance  traversed  about  eleven  kilometers. 

"  The  damages  caused  by  the  eruption  have  been  estimated  at 
1,000,000  of  liras.    The  property  damaged  consisted  of  vineyards 
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and   nut   groves.     Fortunately  no  lives  were  lost  or   villages 
destroyed. 

"On  the  15th  inst.  strong  shocks  of  earthquake  were  felt  at 
Riposto.  The  ground  opened  and  many  houses  were  shaken 
down.  On  this  occasion  eight  persons  were  killed  and  many 
wounded.  It  is  believed  that  the  earthquakes  were  caused  by 
the  undermining  of  the  soil  owing  to  the  recent  eruptions." 

c.  6.  R. 

4.  FormeT  extension  northward  of  the  South  American  Conti- 
nent,— The  following  paragraphs  close  a  paper  by  A.  Agaasiz, 
entitled,  Dredging  Operations  of  the  TJ.  S.  Coast  Survey  Schooner 
"Blake,"  from  December,  1878,  to  March  10,  1879,  in  a  Letter 
from  A.  Agassiz  to  C.  P.  Patterson,  Sup't  Coast  Survey.  (Bull. 
Mus.  Comp.  Zool.,  Cambridge,  Mass.,  vol.  v,  No.  14,  June,  1879.) 
The  paper  is  illustrated  by  a  map  of  the  Carribean  Sea,  supplied 
by  tne  Superintendent  of  the  Coast  Survey,  which  is  highly 
instructive. 

One  of  the  most  interesting  results  reached  by  this  year's  cruise 
is  the  light  thrown  upon  the  former  extension  of  the  bouth  Amer- 
ican Continent,  bv  the  soundings  taken  while  dredging,  and  those 
subsequently  made  in  the  passages  between  the  islands  by  Com- 
mander Bartlett  These,  together  with  the  soundings  alreadv 
known,  enable  us  to  trace  the  outline  of  the  old  continent  with 
tolerable  accuracy,  and  thus  obtain  some  intelligible,  and  at  the 
same  time  trustworthy,  explanation  of  the  peculiar  geographical 
distribution  of  the  fauna  and  flora  of  the  West  India  Islands.  As 
is  well  known,  Cuba,  the  Bahamas,  Hayti  and  Porto  Kico,  instead 
of  showing,  as  we  might  naturally  assume  from  their  present  prox- 
imity to  t  lorida,  a  decided  affinity  in  their  fauna  and  flora  with 
that  of  the  Southern  United  States,  show,  on  the  contrary,  unmis- 
takable association  with  that  of  Mexico,  Honduras  and  Central 
America ;  the  Caribbean  Islands  show  in  part  the  same  relation- 
ship, though  the  affinity  to  the  Venezuelan  and  Brazilian  fauna 
and  flora  is  much  more  marked. 

In  attempting  to  reconstruct,  from  the  soundings,  the  state  of 
things  existing  m  a  former  period,  we  are  at  once  struck  by  the 
fact  that  the  Virgin  Islands  are  the  outcropping  of  an  extensive 
bank.  The  greatest  depth  between  these  islands  is  less  than  40 
fathoms^  this  same  depth  being  found  on  the  bank  to  the  east  of 
Porto  Rico,  the  100-fathom  line  forming,  in  fact,  the  outline  of  a 
large  island,  which  would  include  the  whole  of  the  Virgin  Islands, 
the  whole  of  Porto  Rico,  and  extend  some  way  into  the  Mona 
Passage.  The  100-fathom  line  similarly  forms  a  large  plateau, 
uniting  Anguilla,  St.  Martin  and  St.  Bartholomew.  It  also  unites 
Barbuda  and  Antigua,  forms  the  Saba  Bank,  unites  St.  Eustatius, 
St.  Christopher,  Nevis  and  Redonda.  It  forms  an  elongated  pla- 
teau, extending  from  Bequia  to  the  southwest  of  Grenada,  and 
runs  more  or  less  parallel  to  the  South  American  coast  from  the 
Margarita  Islands,  leaving  a  comparatively  narrow  channel 
between  it  and  the  100-fathom  line  south  of  Grenada,  so  as  to 
enclose  Trinidad  and  Tobago  within  its  limits,  and  runs  off  to  the 
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southeast  in  a  direction  also  aboat  parallel  to  the  shore  line.  At 
the  western  end  of  the  Caribbean  Sea,  the  lOO-fathom  line  forms  a 
gigantic  bank  off  the  Mosquito  coast,  extending  over  one-third 
the  distance  from  the  mainland  to  the  island  of  Jamaica.  The 
Rosalind  and  Pedro  Banks,  formed  by  the  same  line,  and  a  few 
other  smaller  banks,  denote  the  position  of  more  or  less  important 
islands  which  must  have  once  existed  between  the  Mosquito  coast 
and  Jamaica.  On  examining  the  500-fathom  line,  we  thus  find 
that  Jamaica  is  only  the  norUiern  spit  of  a  gigantic  promontory, 
which  once  extended  toward  Hayti  from  the  mainland,  reaching 
from  Costa  Rica  to  the  northern  part  of  the  Mosquito  coast,  ana 
leaving  but  a  comparatively  narrow  passage  between  it  and  the 
600-fathom  line  encircling  Hayti,  Porto  Rico  and  the  Virgin  Isl- 
ands, in  one  gigantic  island.  The  passage  between  Cuba  and 
Jamaica  has  a  depth  of  3,000  fathoms,  and  that  between  Hayti 
and  Cuba  is  not  less  than  873  fathoms,  the  latter  being  probaoly 
an  arm  of  the  Atlantic.  The  500-fathom  line  connects,  as  a  gigan- 
tic island,  the  banks  uniting  Anguilla  to  St  Bartholomew,  Saba 
Bank,  the  one  connecting  St.  Eustatius  to  Nevis,  Barbuda  to  Anti- 
gua, and  from  thence  extends  south  so  as  to  include  Guadeloupe, 
Marie-Galante  and  Dominica.  This  500-fathom  line  thus  forms  - 
one  gigantic  island  of  the  northern  islands,  extending  from  Saba 
Bank  to  Santa  Cruz,  and  leaving  but  a  narrow  channel  between 
it  and  the  eastern  end  of  the  500-fathom  line  running  round  Santa 
Cruz.  As  Santa  Cruz  is  separated  from  St.  Thomas  by  a  channel 
of  forty  miles,  with  a  maximum  depth  of  over  2,400  fathoms,  this 
plainly  shows  its  connection  with  the  northern  islands  of  the 
Caribbean  group,  rather  than  with  St.  Thomas,  as  is  also  well 
shown  by  the  geographical  relations  of  its  Mollusca.  The 
500-fathom  line  again  unites,  in  one  gigantic  spit  extending  north- 
erly from  the  mouth  of  the  Orinoco,  all  the  islands  to  the  south  of 
Martinique,  leaving  Barbadoes  to  the  east,  and  a  narrow  passage 
between  Martinique  and  the  islands  of  Dominica  and  St.  Lucia. 
At  the  time  of  this  connection,  therefore,  the  Caribbean  Sea  con- 
nected with  the  Atlantic  only  by  a  narrow  passage  of  a  few  miles 
in  width  between  St  Lucia  and  Martinique,  and  one  somewhat 
wider  and  slightly  deeper  between  Martinique  and  Dominica, 
another  between  Sombrero  and  the  Virgin  Islands,  and  a  compar- 
atively narrow  passage  between  Jamaica  and  Hayti  The  Carib- 
bean Sea,  therefore,  must  have  been  a  gulf  of  the  Pacific,  or  have 
connected  with  it  through  wide  passages,  of  which  we  find  the 
traces  in  the  Tertiary  and  Cretaceous  deposits  of  the  Isthmus  of 
Darien,  of  Panama  and  of  Nicaragua.  Central  America  and  north- 
em  South  America  at  that  time  must  have  been  a  series  of  large 
islands  with  passages  between  them  from  the  Pacific  into  the 
Caribbean.  It  is  further  interesting  to  speculate  what  must  have 
become  of  the  great  equatorial  current,  or  rather  of  the  current 
produced  by  the  northeast  trades.  The  water  banking  up  against 
the  two  large  islands,  then  forming  the  Caribbean  Islands, 
must,  of  course,  have  been  deflected  north,  have  swept  round  the 
northern  shores  of  the  Virgin  Islands,  Porto  Rico  and  Hayti,  and 
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poured  into  the  western  basin  of  the  Caribbean  Sea,  through  the 
passage  between  Hayti  and  Cuba.  This  water  being  forced  into 
a  sort  of  funnel,  by  the  500-fathom  line  forming  the  southern  line 
of  the  Great  Bahama  Island,  which  connected  nearly  the  whole  of 
the  Bahamas  with  Cuba  and  formed  a  barrier  to  the  western  flow 
of.  the  equatorial  current,  this  must,  therefore,  for  the  greater  part, 
have  been  deflected  north,  and  either  swept  in  a  northeasterly  direc- 
tion, as  the  Gulf  Stream  now  does,  or  round  the  north  ena  of  the 
Bahamas,  across  Florida,  which  did  not  then  exist,  across  the  Gulf 
of  Mexico,  and  into  the  Pacific  over  the  Isthmus  of  Tehuantepeo. 

The  soundings  made  by  Commander  Bartlett,  after  I  left  the 
''Blake,"  to  determine  the  ridges  uniting  the  various  islands 
between  Sombrero  and  Trinidad,  show  plainly  that  the  cold  water 
of  the  Caribbean  can  only  come  in  through  the  passage  between 
Sombrero  and  the  Virgin  Islands,  which  is  about  1,100  fathoms, 
with  a  bottom  temperature  of  38°,  while  the  500-fath(Hn  line,  as  I 
have  said,  forms  a  gigantic  island  of  all  the  islands  to  the  south 
of  Sombrero,  including  Dominica,  with  a  narrow  passage  of  1,000 
fathoms  between  it  and  Martinique;  the  500-fathom  line  again 
uniting  into  one  large  spit,  as  a  part  of  South  America,  all  the 
islands  to  the  south  of  it.  Thus  the  bulk  of  the  water  forced  into 
the  Caribbean  Sea  has  a  comparatively  high  temperature, — an 
average,  probably,  of  the  temperature  of  the  300-fathom  line. 
The  cold  water  of  the  Atlantic  is,  however,  again  forced  into  the 
western  basin  of  the  Caribbean  through  the  Windward  Passage, 
and  all  this  through  the  Yucatan  Channel,  between  Cape  San 
Antonio  and  the  Yucatan  Bank.  It  is,  therefore,  incredible  that 
with  this  huge  mass  of  water  pouring  into  the  Gulf  of  Mexico, 
there  should  be  anything  like  a  cold  current  forcing  its  way  u]^ 
hill  into  the  Straits  of  Florida,  as  has  been  asserted  on  theoreti- 
cal grounds.  The  channel  at  Gun  Key  can  only  discharge  the 
surplus  by  having  a  great  velocity. 

Mr.  Garman,  who  as  usual  accompanied  me,  remained  in  the 
West  Indies,  after  we  left  the  "  Blake"  at  Barbadoes,  for  the  pur- 
pose of  making  collections  of  Reptiles  and  Fishes,  with  a  view 
of  throwing  additional  light  on  the  former  connections  of  the 
islands,  as  I  have  here  attempted  to  trace  it.  One  of  the  most 
interesting  of  the  Reptiles  we  collected  is  a  gigantic  land  tortoise, 
found  at  Porto  Rico,  differing  only  in  size  from  the  land  turtle 
still  found  on  Trinidad  and  adjoining  parts  of  South  America. 
It  is  closely  allied  to  the  gigantic  turtles  of  the  Gallopagos,  and 
to  the  fossil  land  turtles,  of  which  fragments  have  been  described 
by  the  late  Professor  Wyman.  These  were  collected  by  Mr.  A. 
Julien  at  Sombrero,  in  the  phosphate  beds  of  the  island. 

6.  Footprint  in  the  Mesozoic  rocks  of  New  Jersey, — Mr.  J.  C. 
Russell  has  obtained  at  Boonton,  New  Jersey,  a  fine  three-toed 
or  Omithoid  track,  in  the  Mesozoic  rock  of  the  region*  It  meas- 
ures 6*2  inches  in  length,  and  6*6  in  width. 

6.  Footprints  from  the  Anthracite  Coal  Measures^  of  the  Mtihar 
noy  Coal  Fields  at  the  EUangowan  Colliery. — A  slab,  having  upon 
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it  ripple-marks  and  seven  footprints,  has  been  obtained  at  this 
locality  by  Mr.  W.  Lorenz.  The  tracks,  according  to  Dr.  Leidy, 
have  a  breadth  of  abont  an  inch,  widely  divergent  toes,  and  the 
four  on  the  right  occupy  a  line  of  six  inches  and  are  about  an  inch 
and  a  half  apart  from  those  on  the  left ;  they  appear  to  be  single, 
that  is,  not  made  by  fore  and  hind  feet  together.  Mr.  Lorenz 
suggests  for  them  the  name  Anthracopus  Mlangotoensis, — Proo. 
Acad.  JV.  Set.  Philad.,  1879,  164. 

1.  The  Auriferous  Oravels  of  the  Sierra  Nevada  and  CdHfor- 
nia;  by  J.  D.  Whitney  (continued  from  page  147.) — The  follow- 
ing are  the  more  important  facts  with  regard  to  the  fossils  of  the 
aurilerous  gravels.  The  plants  were  submitted  to  Professor  Les- 
quereux ;  and  he  has  renorted  the  absence  of  Coniferous  remains, 
tnat  the  species  of  deciduous  trees,  seventeen  of  which  are  from 
the  Table  Mountain  deposit,  are  different  from  those  now  existing 
in  the  region ;  and  that  the  evidence  favors  the  view  that  the  beds 
are  Pliocene,  but  related  by  some  forms  to  the  Miocene. 

The  mammalian  remains  have  been  determined  by  Dr.  Leidy, 
and  his  results  are  published  partly  in  vol.  I  of  the  California 
Reports,  and  the  remainder  in  his  works  on  the  Extinct  Mamma- 
lian Fauna  of  Dakota  and  Nebraska,  1869,  and  Contributions  to 
the  Extinct  Vertebrate  Fauna  of  the  Western  Territories,  1878. 
The  species  reported  from  the  gravels  underneath  basalt,  come 
from  Douglass  Flat,  Chili  Gulch,  and  the  Tuolumne  Table  Moun- 
tain. At  the  first  two  of  these  places  were  found  remains  of  Hhi- 
noceros  hesperins  Leidy ;  at  Douglass  Flat,  a  tooth  of  Elotherium 
superbum  L.,  ^'  perhaps  the  same  as  E.  ingens  of  the  Mauvaises 
Terres  of  White  River;"  Mastodon  Americanus^  forty-eight  feet 
beneath  the  surface  at  Douglass  Flat  and  also  at  the  Tuolumne 
Table  Mountain ;  and  a  portion  of  a  humerus  of  a  small  species  of 
JSquuSy  from  a  depth  of  210  feet,  at  the  Table  Mountain.  Besides 
these,  the  gravels  elsewhere  have  afforded,  at  Murphy's  Diggings, 
west  of  Douglass  Flat,  a  tibia  of  Canis  latrans;  in  Merced  County, 
near  the  line  of  Mariposa,  in  volcanic  ash,  remains  of  an  extinct 
lama,  Auchenia  Calif omica  L.,  besides  a  metacarpal  "  probably 
of  a  deer,  some  bones  of  a  small  horse,  perhaps  a  Hipparion ;  from 
Alameda  County,  Auchenia  hestema  L. ;"  from  the  gravels  near 
Sonora,  two  teeth  of  the  living  American  Tapir;  at  different 
points.  Mastodon  Americanus,  "  up  to  an  elevation  little  if  at  all 
exceeding  3,000  feet,"  with  also  M.  obscurus  L. ;  at  several  locali- 
ties also,  Elephas  Americanus^  one  nearly  perfect  skeleton  near  the 
Fresno  River ;  JEJquus  caballus^  E.  exceHsus  L.,  JEJ.  pacificus  L. 

Stone  implements  (including  tools,  pestles,  mortars,  platters, 
spear  and  aiTow  heads,  etc.),  are  reported,  from  the  gravels  at  the 
following  localities,  and  ii  some  are  doubtful,  the  number  of 
places  is  so  large  that  the  fact  of  occurrence  in  the  gravels  cannot 
be  reasonably  questioned.  In  Mariposa  County,  at  Horse  Shoe  Bend, 
on  the  Merced  River,  at  Homitos  and  five  miles  northeast,  and 
near  Princeton ;  in  Merced  County,  near  Snelling ;  in  Stanislaus 
County,  at  Dry  Creek;  in  Tuolumne  County,  at  Table  Mountain, 
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Kincaid  Flat,  Wood's  Creek,  Mormon  Creek;  in  Amador  Coantj, 
near  Jackson ;  in  El  Dorado  County,  at  Shingle  Springs,  Diamond 
Springs  near  Placerville,  Spanish  Flat,  Kelsey's  Diggings,  Dry 
Creek,  Coloma,  Georgetown,  Brownsville ;  in  Racer  County,  near 
Gold  Hill,  Forest  Hill,  Byrd's  Valley,  Missouri  Tunnel ;  in  Is  evada 
County,  at  Grass  Valley,  Myer's  Ravine,  Brush  Creek ;  in  Butte 
County,  at  Cherokee ;  also  in  Siskiyou  and  Trinity  Counties,  locali- 
ties not  mentioned. 

Human  bones  are  reported  from  Tuolumne  and  Calaveras 
Counties.  (1.)  Under  Table  Mountain,  Tuolumne  County,  a 
human  jaw,  obtained  by  Dr.  Snell ;  same  localitv,  in  the  Sonora 
tunnel,  at  a  depth  of  180  feet,  a  portion  of  a  skull  given  to  C.  F. 
Winslow  in  1857,  by  P.  K.  Hubbs,  of  Vallejo,  California,  the 
finder,  and  by  the  former  noticed  in  the  Proceedings  of  the  Bos- 
ton Society  of  Natural  History,  for  October  7,  1867,  the  same 
locality  affording  also  a  Mastodon's  tooth  and  a  ^Marge  stone 
bead"  of  white  marble.  Mr.  Winslow  also  says  Uiat  Capt.  D.  B. 
Akey  related  to  him  a  discovery  of  a  complete  human  skeleton 
from  a  tunnel  under  Table  Mountain,  but  stated  that  he  did  not 
remember  the  tunnel,  and  the  fact  has  not  been  verified. 

(2.)  In  Calaveras  County,  in  February,  1866,  in  the  claim  of 
Messrs.  Mattison  &  Co.,  on  Bald  Mountain,  near  Altaville  and 
AngePs,  beneath  the  lava,  from  a  depth  of  130  feet.  This  is  the 
skull  which  came  into  Professor  Whitney's  hands  through  Dr. 
Jones,  who  received  it  from  Mr.  Mattison^  and  which  has  been 
described  by  Dr.  Jeffries  Wyman.  The  material  in  which  it  had 
been  embedded  was  mixed  tufa  and  gravel,  and  attached  to  it 
was  a  specimen  of  Helix  mormonum,  a  species  now  living  in 
Nevada.     According  to  Mr.   Mattison,  the  succession  of  beds 

f)assed  through  from  above  to  that  containing  the  skull,  was  black 
ava,  40  feet ;  next  below,  gravel  3,  light  lava  80,  gravel  6,  light 
lava  16,  gravel  26,  dark  brown  lava  9,  gravel  (that  containing  the 
skull)  6.  This  bed  rested  on  red  lava  4  feet  and  red  gravel  17 
feet.  Professor  Whitney  brings  forward  the  testimony  of  Mr. 
Scribner  and  also  of  Dr.  Jones ;  and  says,  "  We  have  the  inde- 
pendent testimony  of  three  witnesses,  two  of  whom  were  previ- 
ously known  to  the  writer  as  men  of  intelligence  and  veracity, 
while  in  regard  to  the  third  there  is  no  reason  for  doubting  his 
truthfulness.  Each  one  of  these  gentlemen  testifies  to  some 
points  in  the  chain  of  circumstantial  evidence  going  to  prove  the 
genuineness  of  the  find.  No  motive  for  deception  on  the  part  of 
Mr.  Mattison  can  be  discovered,  while  the  appearance  of  the  skull 
itself  bears  strong,  though  silent,  testimony  to  the  correctness  of 
the  story." 

Dr.  Wyman*s  report,  as  is  now  well  known,  stated  that  the 
"  skull  presents  no  signs  of  having  belonged  to  an  inferior  race. 
In  its  breadth  it  agrees  with  the  other  crania  from  California, 
except  those  of  the  Diggers,  but  surpasses  them  in  the  other  par- 
ticulars in  which  comparisons  have  been  made.  This  is  especially 
apparent  in  the  greater  prominence  of  the  forehead  and  the  capac- 
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ity  of  its  chamber.  In  bo  far  as  it  differs  in  dimensions  from  the 
other  crania  from  California,  it  approaches  the  Esquimaux."  The 
following  are  the  comparisons  above  referred  to  by  Dr.  Wyman, 
the  measurements  being  in  millimeters: 

BrMultk  of      Breadth  of     FronUl         Length  of     H«lgbt  of     Zygonwtie 
Craniam.       FnmtaL*       Arch.  ProBlal.       Craoiam.      DUtMtOT. 

22  Esquimaux 134-6        94  2966  126-6  135  1376 

6  from  Alaska 133-6        92-8  285-6  121-8  129-5  132 

1 1  from  different  parts  of  Gal.  160-6        93-6  260  117  1 20-8  134 

3  Digger  Indians 136  6        88*3  280  119  1203  141-6 

The  FossU  skull 160  101  300  128  134+  145 

Professor  Whitney  regards  the  gravels  as  Pre-Glacial,  and  Plio- 
cene, on  the  basis  of  the  evidence  from  the  fossils  found  in  them. 
The  origin  of  the  gravels  remains  to  be  discussed  by  him  in  the 
second  part  of  the  volume,  which,  according  to  a  prefatory  note, 
will  be  published  in  a  few  months. 

8.  Sone  Cave  in  Moravia. — A  large  number  of  mammalian 
bones  of  the  diluvian  period  have  lately  been  obtained  from  the 
bone-cave  of  "Vypustek,  Moravia  (Professor  K.  Th.  Liebe,  Proceed. 
Imp.  Acad.  Vienna,  May  23,  1879),  and  sent  to  the  Imperial 
Museum  at  Vienna.  The  comparison  of  these  remains  with  those 
from  the  Thnrin^an  caves  is  important,  especially  with  those 
from  the  cave  of  Lindenthal  near  Gera,  which  led  Liebe  and  Neh- 
ring  to  the  interesting  conclusion  that  all  this  region  was  an  exten- 
sive barren  steppe,  without  any  forest  vegetation,  at  the  begin- 
ning of  the  Second  Diluvial  Period.  In  the  cave  of  Vypustek  are 
found — Lynx  vulgaris,  Felia  catuSy  Cams  speloeus,  C  familiaris^ 
Vulpes  vulgaris,  V.  lagopus,  Ghulo  horealis,  Martes  abietinics,  JRjs- 
torius piUorius,  F.  erminea,  Vesperugo  serotinus,  Arvicola  am^Mlh 
iuSy  A.  sp.,  Lepus  variabilis  (timidusf),  Cricetus  frumentarius^ 
MyoxHS  glis,  and  JSciurus  vulgaris.  Besides  these  seventeen  spe- 
cies, von  Hochstetter  found  rem&ins  of  Flep/ias  primigenius,  Mhi- 
noceros  tichorhinus,  Equus  fostilis,  Bos  priscus,  Cenms  tarandus, 
C.  elaphus,  C.  capreolits,  C.  euryceros  {?),  Capra  ibex,  Ursus  spe- 
keus,  Felis  spelcea,  and  Hyoena  spekea ;  the  number  of  species 
found  in  the  Vypustek  Cave  being  therefore  twenty-nine.  The 
evidence  proves  that  this  cave  was  a  den  of  beasts  of  prey,  long 
tenanted  by  families  of  hyenas  and  bears,  and  occasionally  vis- 
ited by  lions,  lynxes  and  wolves;  while  many  side  galleries,  some 
opening  to-day,  gave  shelter  to  martens,  weasels  and  other  small 
carnivores.  Some  few  animals  may  have  been  carried  into  the 
cave  after  death  by  streams  and  floods ;  but  by  far  the  greater 
part  of  the  remains  are  thos^  of  tenants  of  the  cave,  or  of  their 

Srey  brought  in  for  food.     ITie  fauna  of  this  cave  indeed  bears  a 
ecidedly  sylvestran  character ;  and  it  may  be  admitted  that  its 
environs  were  covered  with  woods,  and  had  a  forest  climate,  at 

*  This  is  the  breadth  of  the  frontal  at  its  narrowest  part  when  the  skull  is 
viewed  from  above. 

f  Measured  from  the  anterior  edge  of  the  foramen  magnum  to  the  level  of  the 
top  of  the  frontal,  and  an  inch  behind  it  on  the  inside.  (These  measurements  can, 
of  course,  be  considered  only  an  approximations;  the  fragmentary  condition  of  the 
skull  must  be  taken  into  consideration  in  this  connection.) — j.  w. 
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the  time  when  Dorthern  and  middle  Germany  had  the  features 
and  climate  of  a  steppe.  Hence  too  the  mountains  and  hills  of 
South  Bohemia  and  Moravia  may  be  supposed  to  have  been  the 
center  from  which  forests  advanced  gradually  in  every  direction 
over  the  great  Diluvial  Steppe  of  Europe  north  of  the  Alpine 
chain.  Further  explorations,  to  be  conducted  by  the  Prehistoric 
Commission  of  the  Imperial  Academy  of  Vienna,  may  lead  to 
other  interesting  facts  as  to  the  relative  depth  and  succession  of 
the  animal  remains  in  this  cave. — Nature^  July  24. 

9.  Geology  of  Kansas ;  by  Professor  B.  F.  Mudgb.  —  The 
Report  of  the  State  Board  of  Agriculture  of  Kansas,  for  the 
years  1877-8  ( a  volume  of  632  pages,  8vo,  second  edition,  published 
at  Topeka,  Kansas,  in  1878),  contains  a  report  on  the  geology  of 
th^  State,  by  Professor  Mudge.  It  is  a  valuable  account  by  one 
who  has  done  much  to  bring  the  facts  to  light,  and  is  accompanied 
by  a  colored  geological  map.  The  geological  formations  include 
the  Drift  (some  of  whose  bowlders  are  of  large  size).  Tertiary  beds. 
Cretaceous  of  the  Niobrara,  Benton  and  Dakota  divisions,  and  the 
Carboniferous,  Sub-carboniferous  and  Permian.  Professor  Mudge 
collected  a  large  part  of  the  fossil  plants  from  the  Dakota  group 
which  have  been  described  by  Lesquereux,  and  also  numerous  new 
fossils  among  fishes  and  other  vertebrates.  The  report  treats  albo 
of  the  economical  geology  of  the  state,  its  gypsum,  salt,  lead  and 
zinc  ores,  and  coaL 

The  Agricultural  Report  is  also  in  other  respects  a  well  digested 
and  instructive  volume. 

10.  Geological  Report  of  Indiana  for  1878/  by  E.  T.  Cox,  as- 
sisted by  Professor  J.  Collbtt  and  Dr.  G.  M.  Levette. — This 
new  volume  contains  special  reports  on  the  geology  of  Wayne 
County,  Harrison  County,  and  Crawford  County,  besides  a  general 
Report  by  Professor  Cox,  the  Report  on  the  geological  nomen- 
clature of  the  Cincinnati  rocks,  already  noticed  in  this  Journal,  a 
list  of  fossils  of  the  rocks  of  the  Trenton  period  in  adjoining  parts 
of  Indiana,  Ohio  and  Kentucky,  by  S.  A.  Miller,  on  Hydraulic 
Cements,  Glacial  Drift,  Archaeology,  with  a  list  of  the  Ferns,  Mosses, 
HepaticaB  and  Lichens  of  Wayne  County,  by  Mrs.  Haines. 

11.  Genera  of  Felidm  and  Canidoe, — A  paper  on  the  genera  of 
these  families  with  important  notes  on  some  species  relating  prin- 
cipally to  the  fossil  species,  is  published  by  Professor  E.  D.  Cope, 
in  the  Proceedings  of  the  Acaaemy  of  Natural  Sciences  of  Phila- 
delphia, for  1879,  commencing  on  page  168. 

12.  The  Mosasaur^  Leiodon  anceps,  of  the  American  Cretaceous, 
— Professor  R.  Owen  has  a  paper  on  the  "  Restoration  of  Leiodon 
anceps*'*  in  the  Annals  and  Magazine  of  Natural  History,  July, 
1879. 

Ill  Botany. 

1.  On  the  Origin  of  the  Flora  of  the  Maropean  Alps ;  by 
John  Ball,  F.R.S. — A  lecture  delivered  at  a  meeting  of  the 
Royal  Geographical  Society,  London,  June  9,  printed  in  its  Pro- 
ceedings, and  separately  issued  as  a  pamphlet  of  25  pages.    No 
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one  knows  more  than  Mr.  Ball  of  the  Alpine  flora,  and  in  this  lec- 
ture he  discourses  interestingly  and  very  boldly  upon  the  theoret- 
ical bearings  of  this  extensive  knowleage.  His  points  are,  that 
the  Alpine  flora  did  not  originate  in  Scandinavia,  but  came  rather 
from  Northern  Asia;  that  we  must  consider  even  the  existing 
species  to  be  very  much  older  than  the  glacial  period,  in  order  to 
account  for  the  actual  distribution;  that,  since  it  is  clear  that  the 
upper  limit  of  Alpine  vegetation  is  not  assigned  by  temperature 
but  by  lack  of  room  (upon  a  single  ridge  rising  out  of  the  Aletsch 
glacier,  at  10,700  feet,  ne  collected  at  one  visit  over  forty  flower- 
ing species),  so  he  contends  that  it  could  not  have  been  driven 
out  of  the  Alps  even  bv  the  maximum  cold  of  the  glacial  period, 
which  he  supposes  to  have  lowered  the  zones  of  vegetation  only 
one  or  two  tnousand  feet.  All  this  will  accord  very  well  with  the 
views  taken  by  Saporta  and  not  a  few  other  naturalists.  But,  if 
we  rightly  understand,  Mr.  Ball  goes  on  to  assign  an  enormous 
antiquity — such  as  no  one  has  thought  of— to  the  existing  types  of 
phaenogamous  plants  and  to  the  temperate  and  arctic-Alpine  vege- 
tation. He  supposes  these  to  have  flourished  at  great  elevations 
on  Paleozoic  Alps  at  the  time  when  the  Carboniferous  vegetation 
covered  the  low  levels,  and  while  the  atmosphere  contained  twenty 
times  as  much  carbonic  acid  as  now,  this  gas,  as  he  calculates, 
being  stratified  in  the  atmosphere  according  to  its  density,  in  such 
manner  as  to  give  to  paleo-alpine  plants  an  atmosphere  and  a  cli- 
mate not  very  unlike  the  present.  He  asks  us  to  believe  with  him 
that  ^'  those  humble  plants  that  dwell  in  the  hiehest  region  of  loftv 
mountains,  springing  from  crevices  in  the  rock,  or  fnnging  with 
bright  color  the  edges  of  the  snow-field,"  "  exempted  from  the 
vicissitudes  to  which  the  ancient  vegetable  world  was  exposed, 
may  represent  the  earliest  forms  of  the  higher  types  of  plant-life, 
and  even  that  some  of  the  species  that  now  adorn  the  Alpine 
heights  may,  during  the  inconceivably  long  lapse  of  geological 
ages,  have  looked  down  unchanged  on  the  revolutions  that  have 
slowly  destroyed  and  renewed  the  various  forms  of  life  on  the 
surface  of  our  planet."  a.  g. 

2.  The  Native  Plants  of  Victoria  succinctly  defined;  by  Baron 
Ferd.  von  Mueller,  F.R.S.,  etc.  Part  I,  pp.  190,  8vo.  Mel- 
bourne, 1879. — No  sooner  is  the  great  Flora  AtMtrcUiensis  com- 
pleted, than  the  indefatigable  Mueller  sets  himself  to  the  preparation 
of  an  easy  manual  for  the  most  populous  colony  of  Victoria,  and 
this  is  the  first  installment.  It  begius  with  the  Polypetalous  (Cho- 
ripetalous)  orders,  intercalating  the  apetalous  ones  in  a  manner 
now  not  uncommon ;  it  illustrates  them  by  good  wood-cut  figures, 
with  clear  analyses,  describes  them  in  the  simplest  possible  tech- 
nical language,  omits  synonymy  and  also  references,  except  those 
for  the  origination  of  the  genus  and  species ;  and  in  short  supplies 
just  what  IS  needed  for  educational  and  popular  use.  Let  us  hope 
that  the  worthy  author  will  be  encouraged  and  enabled  to  com- 
plete it.  A  novel  peculiarity  of  this  work  is  that  the  introduced 
plants  are  rigidly  left  out,  even  those  which  are  overpowering  the 
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native  species.  These  weeds  are  a  nuisance  in  every  sense,  to  the 
botanist  no  less  than  to  the  colonist,  and  glad  should  we  be  every- 
where to  ignore  them  if  we  conld.  Bat,  as  a  classical  English 
poetess  sings  of 

''Tall  Buttercups  that  will  be  seen 
Whether  we  will  or  no," 

the  botanist  cannot  well  shtit  his  eyes  to  the  intmders,  although 
they  do  spoil  the  symmetry  and  purity  of  a  flora.  a.  g. 

8.  The  Influence  of  Light  on  the  motions  of  Deamids  ;  by  E. 
Stahl. — The  fact  that  Desmids,  under  the  influence  of  light,  pos- 
sess certain  peculiar  motions,  was  first  noticed  by  Alexander  Braun. 
Stahl  has  experimented  upon  species  of  Closterium^  and  finds  that 
the  individual  Closteria  have  their  longer  axis  parallel  to  the  direc- 
tion of  the  light.  If  placed  in  a  glass  cell,  the  end  of  the  Closterium 
which  is  from  the  light  attaches  itself  to  the  bottom  of  the  cell, 
while  the  other  floats  freely  and  follows  the  direction  of  the  light 
if  it  is  changed.  The  Closteria  undergo  periodical  changes  of 
position ;  the  floating  free  end  toward  the  light  finally  moving 
backward  and  attaching  itself  to  the  bottom,  while  the  end  which 
was  at  first  fixed  becomes  free.  At  the  end  of  the  paper,  Stahl 
has  some  remarks  on  photometric  and  aphotometric  swarm-spores. 
In  a  recent  paper  Strasburger  gives  the  name  of  phototaxis  to  the 
property  which  swarm-spores  possess  of  placing  their  long  axes 
parallel  to  the  direction  of  the  light  He  divides  phototactic 
swarm-spores  into  photometric  and  aphotometric.  In  the  latter 
class  are  included  those  swarm-spores  which  have  their  ciliated 
extremity  turned  toward  the  light.  Photometric  swarm-spores 
are  those  which  may  present  either  extremity  toward  the  light. 
To  the  latter  class,  according  to  Strasburger,  belong  the  swarm- 
spores  of  Botrydium.  Stahl,  however,  maintains  that  the  spores 
of  Botrydium  act  like  other  swarm-spores,  and  he  doubts  the 
validity  of  the  two  forms  of  phototaxis  as  described  by  Stras- 
burger. w.  G.  p. 

4.  Development  of  the  ProthaUus  of  Platycerium  grande  ;  by 
Dr.  Hermann  Baukb. — In  a  paper  read  before  the  Bot.  Verein  of 
the  Provinz  Brandenburg,  Dr.  Bauke  showed  that  the  early  stages 
of  the  protballus  of  Platycerium  grande,  differed  from  that  of 
other  ferns.  The  growth  of  the  terminal  cell  of  the  germinal  fila- 
ment which  comes  from  the  spore  ceases  at  an  early  period,  and 
the  cells  back  of  it  grow  so  as  to  form  a  peculiar  membrane. 
From  one  side  of  this  membrane  shoots  out  a  process  which  bears 
the  sexual  organs.  In  this  method  of  growth,  Dr.  Bauke  sees  a 
special  adaptation  for  the  exposed  place  of  attachment  of  this 
species,  which  is  found  very  frequent^  on  palm  stems  just  before 
the  terminal  tuft  of  leaves.  Dr.  Bauke  also  discusses  the  depend- 
ence of  the  bilateral  character  of  the  fern  protballus  on  external 
forces,  and  assigns  to  gravity  the  principal  action.  In  prothalli 
which  grow  vertically  archegonia  and  rhizoids  are  found  on  both 
surfaces.  ,w.  g.  f. 
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IV.  Miscellaneous  Scientific  Intelligence. 

1.  Map  of  the  CatskiU  Mountains^  by  A.  Guyot. — Professor 
Guyot  gives  in  this  map  the  results  of  several  summers'  work  in 
the  CatskiU  region  with  his  barometer  and  surveying  instruments. 
He  has  measured  the  height  of  over  two  hundred  places,  deter- 
mined by  triangulation  the  positions  of  all  the  many  summits,  and 
discovered  mountains  that  were  not  known  to  exist.  A  large  part 
of  the  region,  especially  the  southwestern,  is  an  untracked  wil- 
derness of  forests ;  and  in  several  cases  the  only  chance  for  making 
his  triangulation  was  by  climbing  to  the  tops  of  the  highest  trees. 
He  has  found  higtier  points  than  were  before  recorded,  and  many 
of  them.  His  table  of  altitudes  contains  three  peaks  over  4,000 
feet,  thirteen  over  3,800  feet,  and  thirty-six  over  3,600  feet.  The 
highest  point  is  one  of  the  previously  unknown,  Slide  Mountain,  in 
the  Southern  Catskills ;  its  height  is  4,205  feet  above  tide.  An  ab- 
stract of  his  results  will  appear  in  another  number  of  this  Journal 

The  map  measures  14  X  20  inches,  is  complete  in  all  the  topog- 
raphy and  in  geographical  details,  and  will  be  of  great  service  to 
"    '  in  New  York  of  Scribner's  Sons  and  B. 


tourists.     It  may 
Westerman  &  Co. 

2.  J.  L.  CampbeWs  ^^  Geology  of  Virginia^^^  page  119  o/  this 
volume, — The  following  explanations  of  the  section  on  page  121 
were  omitted  in  their  proper  places  and  are  here  inserted :— 1.  Gen- 
eral bearing  of  the  section  N.  40*  W.  2.  Horizontal  scale  in  miles 
numbered  at  top ;  vertical  scale  in  feet  numbered  on  right  and 
left  extremities.  3.  Limestone  strata  are  blocked^  sandstones 
dotted^  and  shales  ruled,  4.  The  periods  and  epochs  are  indicated, 
the  former  by  numbers^  the  latter  by  letters^  in  accordance  with 
the  system  found  in  Professor  Dana's  Manual  of  Geology. 

3.  To  Astronomers, — The  U.  S.  Naval  Observatory,  Washing- 
ton, will  gratefully  receive  for  its  library,  s^arate  copies  or 
reprints  of  memoirs  published  in  the  Transactions  of  Societies  or 
in  journals.  The  volumes  of  Transactions  are  regularly  received, 
but  often  many  months  after  the  appearance  of  the  reprints  of 
particular  papers,  which  are  therefore  especially  valued.  It  is 
also  requested  that  all  communications  of  this  nature  and  corres- 
pondence relating  to  them  may  be  addressed  to  "  The  Library, 
tr.  S.  Naval  Observatory,  Washington,  XJ.  S.  A." 

Agents  of  the  Smithsonian  Institution  abroad  will  receive  large 
parcels  for  transmission.  The  smaller  ones  will  be  received  more 
quickly  if  they  are  sent  by  mail. 

As  mr  as  possible,  the  publications  of  the  Observatory  will  be 
distributed  to  all  working  astronomers. 

John  Rodgerb,  Rear  Admiral,  U.  S.  N.,  Superintendent. 

Washington,  Aug.  18,  18Y9. 

4.  A  nnual  Report  upon  JEJxplorations  and  Surveys  in  the  Depart- 
ment of  the  Missouri;  by  E.  H.  Rufpner,  First  Lieut.  Eng.  U. 
S.  A.— This  Report  is  Appendix  SS  (pp.  1749-1868)  of  the 
Annual  Report  of  the  Chief  of  Engineers  for  1878.  It  contains 
a  Report  on  the  jSan  Juan  region^  m  Western  Colorado  and  part 
of  New  Mexico,  from  a  reconnoissance  made  in  1877,  by  Lieut.  C, 
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A.  H.  MoCaulbt,  accompanied  by  maps  and  sketches.  Lieat. 
McCauley  gives  an  extended  account  of  the  geography,  features, 
the  various  mines,  agricultural  and  other  economical  resources, 
with  some  observations  on  the  geoloey,  the  erosion  and  terraces 
along  the  rivers,  and  details  as  to  settlements,  means  of  communi- 
cation, and  proposed  new  lines  of  roads  and  railroads.  The  report 
is  evidently  the  result  of  a  careful  study  of  the  region.  It  also 
contains  a  classification  of  the  Botaniciu  Collection  made  by  the 
.  same  expedition,  by  Professor  Asa  Gray,  with  Notes  on  the  Botany, 
by  T.  S.  Brandegee ;  and  an  Entomological  report  by  Professor 
Cyrus  Thomas,  which  is  illustrated  by  two  plates  of  butterflies. 

6.  Documents  relative  to  the  Origin  and  History  of  the  Smith- 
sonian Institution ;  edited  by  Wm.  J.  Kbbvbs.  1013  pp.  8vo. 
Washington,  1879.  Smithsonian  Miscellaneous  Collections,  328. 
— ^The  will  of  James  Smithson,  and  all  papers  connected  with  his 
gift  for  the  establishment  of  a  **  Smithsonian  Institution^'  at  Wash- 
ington, are  brought  together  in  this  volume,  and  also  the  commu- 
nications which  have  since  been  made  by  or  to  the  United  States 
Government,  the  debates  and  acts  relative  to  it,  the  programme 
of  Professor  Henry,  and  the  correspondence  with  reference  to  it. 
The  value  of  the  Institution  to  the  country  makes  everything  per- 
taining to  its  history  of  the  highest  interest. 

6.  On  the  Mode  of  Growth  of  Stromatopora ;  by  H.  J.  Car- 
ter, F.R.S.,  etc.— Struck  with  the  practical  nature  of  Mr.  Cham- 
pernowne's  remarks  on  "some  Devonian  StromatoporidsB  from 
Dartington,  near  Totnes,"  published  in  the  Quart.  Joum.  Geol. 
Soc.  for  February,  1879,  I  lost  no  time  in  putting  myself  in  com- 
munication with  him  on  this  subject,  and,  having  received,  in  reply, 
a  kind  invitation  to  visit  the  "Pit-Park  Quarry"  (whence  his 
specimens  had  been  taken),  I  availed  myself  of  the  opportunity  on 
the  8th  of  May  last. 

My  general  inference  from  our  visit  to  the  Quarry  was  that 
Stromatopora  was  essentially  a  "reef  building"  organism,  and 
that,  like  MiUepora  alcicomis  in  the  West  Indies,  it  grew  pro- 
fusely in  its  locality,  not  only  entering  and  filling  up  the  open 
interstices  of  other  calcareous  organisms  during  their  growth,  out 
enveloping  their  detritus  (joints  and  stems  of  Encrinites,  etc.), 
and,  when  not  doing  either  of  these  things,  growing  into  large 
masses  of  itself.  Thus,  bv  cementing  everything  together  af^r 
this  maimer,  the  great  reef  appears  to  have  been  formed  which  is 
now  known  by  the  name  of  "  Devonian  Limestone."  This  is  not 
only  evidenced  by  the  composition  of  the  solidified  BirdLts^  generally, 
when  cut  and  polished,  but  more  convincingly  and  particularly  by 
a  portion  of  it  in  "  Pit-Park  Quarry,"  which,  having  undergone 
paitial  decomposition,  now  yields  up  its  contents  even  more  sepa- 
rately than  probably  they  have  ever  been  since  they  were  bound 
together  by  the  ubiquitous  Stromatopora, — Irom  a  paper  in  the 
Ann,  and  Mag.  Nat,  Mist,  for  August, 

1.  Mobius  on  Eozoon  Ganadense, — A  full  abstract  of  Professor 
M5bius's  paper  on  Eozoon,  with  illustrations  copied  from  it,  is 
contained  in  Nature  for  July  17,  and  24. 

Beport  of  the  Chief  of  Engineers  lor  1878.  Three  volumes,  Sro.  Washing- 
ton,  1878. 
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Abt.  XXXV. — On  Radiant  Matter:  A  Lecture  delivered  to  the 
British  Association  for  the  Advancement  of  Science^  at  Sheffield^ 
Friday,  August  22, 1879;  by  William  Cbookbs,  F.RS. 

To  throw  light  on  the  title  of  this  lecture  I  must  go  back 
more  than  sixty  years — ^to  1816.  Faraday,  then  a  mere  stu- 
dent and  ardent  experimentalist,  was  24  years  old,  and  at  this 
early  period  of  his  career  he  delivered  a  series  of  lectures  on 
the  General  Properties  of  Matter,  and  one  of  them  bore  the 
remarkable  title,  On  Radiant  Matter.  The  great  philosopher's 
notes  of  this  lecture  are  to  be  found  in  Dr.  Bence  Jones's 
''Life  and  Letters  of  Faraday,"  and  I  will  here  quote  a  passage 
in  which  he  first  employs  the  expression  Radiant  Matter: — 

*'  If  we  conceive  a  change  as  &r  beyond  vaporisation  as  that  is 
above  fluidity,  and  then  take  into  account  also  the  proportional 
increased  extent  of  alteration  as  the  chanees  rise,  we  shall  per- 
haps, if  we  can  form  any  conception  at  all,  not  fall  far  short  of 
Radiant  Matter;  and  as  in  the  last  conversion  many  qualities 
were  lost,  so  here  also  many  more  would  disappear.'' 

Faraday  was  evidently  engrossed  with  this  far-reaching 
speculation,  for  three  years  later — ^in  1819— we  find  him  bring- 
ing frefih  evidence  and  argument  to  stren^hen  his  startling 
hypothesis.  His  notes  are  now  more  extended,  aud  they  show 
that  in  the  intervening  three  years  he  had  thought  much  and 
deeply  on  this  higher  form  of  matter.  He  first  points  out  that 
matter  may  be  classed  into  four  states — solid,  liquid,  gaseous 
and  radiant — ^these  modifications  depending  upon  dinerences 

Am.  Joijb.  Sol— Third  Sibus,  Vol.  XVIIL— No.  106,  Oct.,  1879. 
16 


Digitized  by 


Google 


242  W.  Orookea— Radiant  Matter. 

in  their  several  essential  propertie&  He  admits  that  the  exist- 
ence of  Radiant  Matter  is  as  yet  unproved,  and  then  proceeds, 
in  a  series  of  ingenious  analogical  arguments,  to  show  tne  proba- 
bility of  its  existenca* 

If,  in  the  beginning  of  this  century,  we  had  asked,  What  is 
a  Ghas  ?  the  answer  then  would  have  been  that  it  is  matter, 
expanded  and  rarefied  to  such  an  extent  as  to  be  impalpable, 
save  when  set  in  violent  motion ;  invisible,  incapable  of  assum- 
ing or  of  being  reduced  into  any  definite  form  like  solids,  or 
of  forming  dtops  like  liquids  ;  always  ready  to  ejipand  where 
no  resistance  is  offered,  and  to  contract  on  being  subjected  to 
pressura  Sixty  years  ago  such  were  the  chief  attributes 
assigned  to  gases.  Modem  research,  however,  has  greatly 
enlai^ed  and  modified  our  views  on  the  constitution  of  these 
elastic  fluids.  Gases  are  now  considered  to  be  composed  of  an 
almost  infinite  number  of  small  particles  or  molecules,  which 
are  constantly  moving  in  every  direction  with  velocities  of  all 
conceivable  magnitudes.  As  these  molecules  are  exceedingly 
numerous,  it  follows  that  no  molecule  can  move  far  in  any 
direction  without  coming  in  contact  with  some  other  molecule. 
But  if  we  exhaust  the  air  or  gas  contained  in  a  closed  vessel, 
the  number  of  molecules  becomes  diminished,  and  the  distance 
through  which  any  one  of  them  can  move  without  ccmiing  in 
contact  with  another  is  increased,  the  length  of  the  mean  n'ee 
path  being  inversely  proportional  to  the  number  of  mdiecules 
present.  The  further  this  process  is  carried  the  longer  becomes 
the  average  distance  a  molecule  can  travel  before  entering  into 

*  **  I  may  now  notice  a  curious  progression  in  phTsioal  properties  accompany- 
ing changes  of  form,  and  which  is  perhapH  sufficient  to  induce,  in  the  inraitiye 
and  sanguine  philosopher,  a  considerable  degn^ee  of  belief  in  the  association  of 
the  radiant  form  with  the  others  in  the  set  of  changes  I  have  mentioned. 

"  As  we  ascend  from  the  solid  to  the  fluid  and  gaseous  states,  ph}r8ical  proper- 
ties diminish  in  number  and  variety,  each  state  losing  some  of  tiiooe  whidi 
belonged  to  the  preceding  state.  When  solids  are  converted  into  fluids,  all  the 
varieties  of  hardness  and  softness  are  necessarily  lost  Crystalline  and  other 
shapes  are  destroyed.  Opacity  and  color  frequently  g^ve  way  U>  a  eoloileaa  trans- 
parency, and  a  general  mobili^  of  particles  is  conferred. 

"  PasBiDg  onward  to  the  gaseous  state,  still  more  of  the  evident  diaracters  of 
bodies  are  annihilated.  The  immense  differences  in  their  weight  almost  disap- 
pear ;  the  remains  of  difibrenoe  in  color  that  were  left,  are  lost  Transparency 
becomes  universal,  and  they  are  all  elastic.  They  now  form  but  one  set  of  sub- 
stances, and  the  varieties  of  density,  hardness,  opacity,  color,  elasticity  and  form, 
which  render  the  number  of  solids  and  fluids  almost  infinite,  are  now  supplied  by 
a  few  slight  variations  in  weight,  and  some  uoimportant  shades  of  ool<»r. 

"  To  those,  therefore,  who  admit  the  radiant  form  of  matter,  no  difficulty  exists 
in  the  simplicity  of  the  properties  it  possesses,  but  rather  an  argument  in  tiidr 
favor.  These  persons  show  you  a  gradual  resignation  of  i»t)perties  in  the  matter 
we  can  appreciate  as  the  matter  ascends  in  the  scale  of  forms,  and  they  would  be 
surprised  if  that  effect  were  to  cease  at  the  gaseous  state.  They  point  out  the 
greater  exertions  which  Nature  makes  at  each  step  of  the  cdutnge,  and  think  i2iaty 
oonsistentiy,  it  ought  to  be  greatest  in  tiie  passage  ttom  tlie  gaseous  to  the  radiant 
form." — Life  and  Letters  of  Faraday^  vol.  i,  p.  308. 
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collision ;  or,  in  other  words,  the  longer  its  mean  free  path,  the 
more  the  physical  properties  of  the  gas  or  air  are  modified. 
Thus,  at  a  certain  point,  the  phenomena  of  the  radiometer 
become  possible,  and  on  pushing  the  rarefaction  still  further, 
I  e.,  decreasing  the  number  of  molecules  in  a  given  space  and 
lengthening  their  mean  free  path,  the  experimental  results  are 
obtainable  to  which  I  am  now  about  to  call  your  attention. 
So  distinct  are  these  phenomena  from  anything  which  occurs 
in  air  or  gas  at  the  ordinary  tension,  that  we  are  led  to 
assume  that  we  are  here  brought  face  to  face  with  Matter  in 
a  Fourth  state  or  condition,  a  condition  as  far  removed  from 
the  state  of  gas  as  a  gas  is  from  a  liquid. 

Mean  Free  Path.    Radiant  Matter. 

I  have  long  believed  that  a  well-known  appearance  observed 
in  vacuum  tubes  is  closely  related  to  the  phenomena  of  the 
mean  free  path  of  the  molecules.  When  the  negative  pole  is 
examined  while  the  discharge  from  an  induction-coil  is  pass- 
ing through  an  exhausted  tube,  a  dark  space  is  seen  to  sur- 
round it  This  dark  space  is  found  to  increase  and  diminish 
as  the  vacuum  is  varied,  in  the  same  way  that  the  mean  free 
path  of  the  molecules  lengthens  and  contracts.  As  the  one 
IS  perceived  by  the  mind's  eye  to  get  greater,  so  the  other  is 
seen  by  the  bodily  eye  to  increase  in  size ;  and  if  the  vacuum 
is  insufficient  to  permit  much  play  of  the  molecules  before 
they  enter  into  collision,  the  passage  of  electricity  shows  that 
the  "dark  space"  has  shrunk  to  small  dimensiona  We  natu- 
rally infer  that  the  dark  space  is  the  mean  free  path  of  the 
molecules  of  the  residual  gas,  an  inference  confirmed  by 
experiment 

1. 


'^{\ 

^^m 

m^s^aam^m 

-      __ 

I  will  endeavor  to  render  this  "  dark  space"  visible  to  all 
present  Here  is  a  tube  (fig.  1),  having  a  pole  in  the  center 
m  the  form  of  a  metal  disk,  and  other  poles  at  each  end. 
The  center  pole  is  made  negative,  and  the  two  end  poles  con- 
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nected  together  are  made  the  positive  terminal.    The  dark 
space  will  be  in  the  center.    When  the  exhaustion  is  not  very 

Sreat  the  dark  space  extends  only  a  little  on  each  side  of 
[le  negative  pole  in  the  center.  When  the  exhaustion  is  good, 
as  in  the  tube  before  you,  and  I  turn  on  the  coil,  the  dark 
space  is  seen  to  extend  for  about  an  inch  on  each  side  of  the 
pola 

Here,  then,  we  see  the  induction  spark  actually  illuminating 
the  lines  of  molecular  pressure  caused  hj  the  excitement  ci 
the  negative  pole.  The  thickness  of  this  dark  space  is  the 
measure  of  the  mean  free  path  between  successive  collisions  of 
the  molecules  of  the  residual  ffas.  The  extra  velocity  with 
which  the  negatively  electrified  molecules  rebound  from  the 
excited  pole  keeps  back  the  more  slowly  moving  molecules 
which  are  advancing  toward  that  pole.  A  conflict  occurs  at 
the  boundary  of  the  dark  space,  where  the  luminous  margin 
bears  witness  to  the  energy  of  the  discharge 

Therefore  the  residual  gas — or,  as  I  prefer  to  call  it,  the 
gaseous  residue — ^within  the  dark  space  is  in  an  entirely  differ- 
ent state  to  that  of  the  residual  gas  in  vessels  at  a  lower 
degree  of  exhaustion.  To  quote  the  words  of  our  last  yearns 
President,  in  his  Address  at  Dublin : — 

*^In  the  exhausted  column  we  have  a  vehicle  for  electricity  not 
constant  like  an  ordinary  conductor,  but  itself  modified  by  the 
passage  of  the  discharge^  and  perhaps  subject  to  laws  differing 
materially  from  those  which  it  ooeys  at  atmospheric  pressure.** 

In  the  vessels  with  the  lower  degree  of  exhaustion,  the 
length  of  the  mean  free  path  of  the  molecules  is  exceedingly 
small  as  compared  with  the  dimensions  of  the  bulb,  and  the 
properties  belonging  to  the  ordinary  gaseous  state  of  matter, 
depending  upon  constant  collisions,  can  be  observed.  But 
in  the  phenomena  now  about  to  be  examined,  so  high  is  the 
exhaustion  carried  that  the  dark  space  around  the  negative 
pole  has  widened  out  till  it  entirely  fills  the  tube.  By  grc^tt 
rarefaction  the  mean  free  path  has  become  so  long  that  the  hits 
in  a  given  time  in  comparison  to  the  misses  may  be  disr^arded 
and  the  average  molecule  is  now  allowed  to  obey  its  own 
motions  or  laws  without  interference.  The  mean  free  path,  in 
fact,  is  comparable  to  the  dimensions  of  the  vessel,  and  we 
have  no  longer  to  deal  with  a  continuous  portion  of  matter,  as 
would  be  the  case  were  the  tubes  less  highly  exhausted,  but  we 
must  here  contemplate  the  molecules  individually.  In  these 
highly  exhausted  vessels  the  molecules  of  the  gaseous  residue 
are  able  to  dart  across  the  tube  with  comparatively  few  col- 
lisions, and  radiating  from  the  pole  with  enormous  velocity, 
they  assume  properties  so  novel  and  so  characteristic  as  to 


Digitized  by 


Google 


W.  Orookes — Radiant  Matter.  245 

entirely  justify  the  application  of   the  term  borrowed  from 
Faraday,  that  of  Radiant  Matter, 

Radiant  Matter  exerts  powerful  phoephorogenic  action  where  it 

strikes. 

I  have  mentioned  that  the  Badiant  Matter  within  the  dark 
space  excites  luminosity  where  its  velocity  is  arrested  by  resid- 
ual gas  outside  the  dark  space.  But  if  no  residual  gas  is  left, 
the  molecules  will  have  their  velocity  arrested  by  the  sides  of 
the  glass ;  and  here  we  come  to  the  first  and  one  of  the  most 
noteworthy  properties  of  Radiant  Matter  discharged  from  the 
negative  pole — ^its  power  of  exciting  phosphorescence  when  it 
strikes  against  solid  matter.  The  number  of  bodies  which 
respond  luminouslv  to  this  molecular  bombardment  is  very 
peat,  and  the  resulting  colors  are  of  every  variety.  Glass,  for 
instance,  is  highly  phosphorescent  when  exposed  to  a  stream 
of  Radiant  Matter.  Here  (fig.  2)  are  three  bulbs  composed  of 
diflferent  glass :  one  is  uranium  glass  (a),  which  phosphoresces 
of  a  dark  green  color;  another  is  English  glass  (6),  which 
phosphoresces  of  a  blue  color ;  and  the  third  (c)  is  soft  German 
glass, — of  which  most  of  the  apparatus  before  you  is  made, — 
which  phosphoresces  of  a  bright  apple-green. 


My  earlier  experiments  were  almost  entirely  carried  on  by 
the  aid  of  the  phosphorescence  which  glass  takes  up  when  it 
is  under  the  influence  of  the  radiant  discharge;  but  many 
other  substances  possess  this  phosphorescent  power  in  a  still 
higher  degree  than  glas&  For  instance,  here  is  some  of  the 
luminous  sulphide  of  calcium  prepared  according  to  M.  Ed. 
Becquerel's  aescription.  When  the  sulphide  is  exposed  to 
light — even  candlelight — it  phosphoresces  for  hours  with  a 
bluish  white  color.  It  is,  however,  much  more  strongly  phos- 
phorescent to  the  molecular  discharge  in  a  good  vacuum,  as 
you  will  see  when  I  pass  the  discharge  through  this  tube. 

Other  substances  besides  English,  German,    and   uranium 
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glass,  and  Becquerel's  luminous  sulphides,  are  also  phospho- 
rescent The  rare  mineral  phenacite  (aluminate  of  {^tucinum) 
phosphoresces  blue;  the  mineral  spodumen'e  (a  silicate  of 
aluminium  and  lithium)  phosphoresces  a  rich  golden  yellow  ; 
the  emerald  gives  out  a  crimson  light  But  without  excep- 
tion, the  diamond  is  the  most  sensitive  substance  I  have  yet 
met  for  ready  and  brilliant  phosphorescence.  Here  is  a  very 
curious  fluorescent  diamond,  green  by  daylight,  colorless  by 
candlelight  It  is  mounted  in  the  center  of  an  exbaustM 
bulb  (fig.  8),  and  the  molecular  discharge  will  be  directed  on 
it  from  below  upward.  On  darkening  the  room  you  see  the 
diamond  shines  with  as  much  light  as  a  candle,  phosphores- 
cing of  a  bright  green. 


ill  iiu  ^B^^^^^^B^^^^^^^H 

^^l^^^A^^^^^^^^^^H^^^^l 

Next  to  the  diamond  the  ruby  is  one  of  the  most  remark- 
able stones  for  phosphorescing,  fn  this  tube  is  a  fine  collec- 
tion of  ruby  pebbles.  As  soon  as  the  induction  spark  is 
turned  on  you  will  see  these  rubies  shining  with  a  brilliant 
rich  red  tone,  as  if  they  were  glowing  hot  It  scarcely  mat- 
ters what  color  the  ruby  is,  to  b^n  with.  In  this  tube  of 
natural  rubies  there  are  stones  of  all  colors — the  deep  red  and 
also  the  pale  pink  ruby.  There  are  some  so  pale  as  to  be 
almost  colorless,  and  some  of  the  highly-prized  tint  of  pigeon's 
blood ;  but  under  the  impact  of  Radiant  Matter  they  all  phos- 
phoresce with  about  the  same  color. 

Now  the  ruby  is  nothing  but  crystallized  alumina  with  a 
little  coloring  matter.  In  a  paper  by  Ed.  Becquerel,*  pub- 
*  Annales  de  Ghimie  et  de  Phjsiquei  Srd  series,  vol  lyii,  p.  60,  1869. 
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lished  twenty  years  ago,  he  describes  the  appearance  of  alumina 
as  glowing  witn  a  rich  red  color  in  the  phosphoroscope.  Here 
is  some  precipitated  alumina  prepared  in  the  most  careful  man- 
ner. It  has  been  heated  to  whiteness,  and  you  see  it  also 
glows  under  the  molecular  discharge  with  the  same  rich  red 
color. 

The  8j)ectrum  of  the  red  light  emitted  by  these  varieties  of 
alumina  is  the  same  as  described  Becquerel  twenty  years  ago. 
There  is  one  intense  red  line,  a  little  below  the  fixed  line  B  in 
the  spectrum,  having  a  wave-length  of  about  6896.  There  is 
a  continuous  spectrum  beginning  at  about  B,  and  a  few  fainter 
lines  beyond  it,  but  they  are  so  faint  in  comparison  with  this 
red  line  that  they  may  be  neglected.  This  line  is  easily  seen 
by  examining  with  a  small  pocket  spectro9Cope  the  light 
reflected  from  a  good  ruby. 

There  is  one  particular  degree  of  exhaustion  more  favorable 
than  any  other  for  the  development  of  the  properties  of 
Badiant  Matter  which  are  now  under  examination.  Roughly 
speaking  it  may  be  put  at  the  millionth  of  an  atmosphere.* 
At  this  degree  of  exhaustion  the  phosphorescence  is  veir 
strong,  and  after  that  it  begins  to  diminish  until  the  spark 
refuses  to  pasaf 

*  1*0  millionth  of  an  atmosphere      =      0*00076  millim. 

1315*789  miilionthfl  of  an  atmosi^re  =      1*0  millim. 
1,000,000*  "  "  "  =  760*0  millimB. 

"  "  "  "  =1  atmosphere. 

t  Nearly  100  years  ago  Mr.  Wm.  Morgan  oommunicated  to  the  Boyal  Sooiety 
a  Paper  entitled  "  Electrical  Experiments  made  to  ascertain  the  Non-oonducting 
Power  of  a  Perfect  Vacuum,  Ac."  The  following  extracts  from  this  Paper, 
which  was  published  in  the  PhiL  Trans,  for  1786  (y<A.  Ixxt,  p.  272),  will  be 
read  with  interest: — 

"A  mercurial  gage  about  fifteen  inches  lonff,  carefViUy  and  accurately  boiled  till 
every  particle  of  air  was  expelled  from  the  mside,  was  ooated  with  tin-foil  five 
indies  down  from  its  sealed  end,  and  being  inverted  into  mercury  through  a 
perforation  in  the  brass  cap  which  covered  the  mouth  of  the  cistern ;  the  whole 
was  cemented  together,  and  the  air  was  exhausted  from  the  inside  of  the  dstern 
through  a  valve  in  the  brass  cap,  which  producing  a  perfect  vacuum  in  the  gage 
formed  an  instrument  peculiarly  well  adapted  for  experiments  of  this  find. 
^ings  being  thus  adjusted  (a  small  wire  having  been  previously  fixed  on  the 
inside  of  the  dstem  to  form  a  communication  between  the  brass  cap  and  the 
mercury,  into  which  the  gage  was  inverted)  the  coated  end  was  apphed  to  the 
conductor  of  an  electrical  machine,  and  notwithstanding  every  effort,  neither  the 
smallest  ray  of  light,  nor  the  slightest  charge,  could  ever  be  procured  in  this 
exhausted  gage." 

'*  If  the  mercury  in  the  gage  be  imperfectly  boiled,  the  experiment  wiU  not 
succeed;  but  the  color  of  the  electric  light,  which  in  air  rarefied  by  an  exhauster 
is  always  violet  or  purple,  appears  in  this  case  of  a  beautiful  green,  and,  what 
is  very  carious,  the  degree  of  the  air's  rarefaction  may  be  nearly  determined 
by  this  means ;  for  I  have  known  instances,  dunog  the  course  of  these  experi- 
ments, where  a  small  particle  of  air  having  found  its  way  into  the  tube,  the 
electric  Ught  became  visible,  and  as  usual  of  a  green  color;  but  the  charge  being 
often  repeated,  the  gage  has  at  length  cracked  at  its  sealed  end,  and  in  conse- 
quence the  exiemiu  air,  by  being  admitted  into  the  inside,  has  gradually  pro- 
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I  have  here  a  tube  (fig.  4)  which  will  serve  to  illustrate  the 
dependence  of  the  phosphorescence  of  the  glass  on  the  d^ree 
of  exhaustion.  The  two  poles  are  at  a  and  J,  and  at  the  end 
(c)  is  a  small  supplementary  tube  connected  with  the  other  by 


a  narrow  aperture,  and  containing  solid  caustic  potash.  The 
tube  has  been  exhausted  to  a  very  high  point,  and  the  potash 
heated  so  as  to  drive  off  moisture  and  injure  the  vacuum. 
Exhaustion  has  then  been  re-commenced,  and  the  alternate 
heating  and  exhaustion  repeated  until  the  tube  has  been 
brought  to  the  state  in  which  it  now  appears  before  you. 
When  the  induction  spark  is  first  turned  on  nothing  is  visible 
— the  vacuum  is  so  high  that  the  tube  is  non-conducting.  I 
now  warm  the  potash  slightly  and  liberate  a  trace  of  aqueous 
vapor.  Instantly  conduction  commences,  and  the  green  phos- 
phorescence flashes  out  along  the  length  of  the  tube.  1  con- 
tinue the  heat,  so  as  to  drive  off  more  gas  from  the  potash. 
The  green  gets  &inter,  and  now  a  wave  of  cloudy  luminosity 
sweeps  over  the  tube,  and  stratifications  appear,  which  rapidly 
get  narrower,  until  the  spark  passes  along  the  tube  in  the 
form  of  a  narrow  purple  line.  I  take  the  lamp  away,  and 
allow  the  potash  to  cool ;  as  it  cools,  the  aqueous  vapor,  which 
the  heat  bad  driven  off,  is  re-absorbed.  The  purple  line 
broadens  out,  and  breaks  up  into  fine  stratifications;  these 
get  wider,  and  travel  toward  the  potash  tube.  Now  a  wave 
of  green  light  appears  on  the  glass  at  the  other  end,  sweeping 
on  and  driving  the  last  pale  stratification  into  the  potash ;  and 
now  the  tube  glows  over  its  whole  length  with  the  green  phos- 
phorescence. I  might  keep  it  before  you,  and  show  the  green 
growing  fainter  and  the  vacuum  becoming  non-conducting; 
but  I  should  detain  you  too  long,  as  time  is  required  for  the 

dnoed  a  change  in  the  electric  light  fh)m  green  to  bine,  from  blue  to  indigo, 
and  80  on  to  violet  and  purple,  till  the  medium  has  at  length  become  bo  dense 
as  no  longer  to  be  a  conductor  of  electricity-.  I  think  there  can  be  little 
doubt,  from  the  abovo  experiments,  of  the  non-conducting  power  of  a  perfect 
yacuum." 

**Tiii8  seems  to  prove  that  there  is  a  limit  even  in  the  rarefaction  of  air,  whidi 
sets  bounds  to  its  conducting  power;  ot,  in  other  words,  that  the  particles  of  air 
may  be  so  far  separated  from  eadi  other  as  no  longer  to  be  able  to  transmit  the 
electric  fluid;  that  if  they  are  brought  within  a  certain  distance  of  each  other, 
their  conducting  power  b^g:ins,  and  contiDually  increases  till  their  approach  also 
arriyes  at  its  limit*' 
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absorption  of  the  last  traces  of  vapor  by  the  potash,  and  I 
most  pass  on  to  the  next  subject 

Badiant  MaUer  proceeds  in  straight  lines. 

The  Badiant  Matter,  whose  impact  on  the  glass  causes  an 
evolution  of  light,  absolutely  refuses  to  turn  a  comer.  Here 
is  a  Y-shaped  tube,  a  pole  bein^  at  each  extremity.  The  pole 
at  the  rignt  side  being  negative,  you  see  that  the  whole  of 
the  right  arm  is  flooded  with  green  light,  but  at  the  bottom  it 
stops  sharply  and  will  not  turn  the  corner  to  get  into  the  left 
side.  When  I  reverse  the  current  and  make  the  left  pole 
negative,  the  green  chang^  to  the  left  side,  always  following 
the  negative  pole  and  leaving  the  positive  side  with  scarcely 
any  luminosity. 

In  the  ordinary  phenomena  exhibited  by  vacuum  tubes — 
phenomena  with  which  we  are  all  familiar — it  is  customary,  in 
order  to  bring  out  the  striking  contrasts  of  color,  to  bend  the 
tubes  into  very  elaborate  designs.  The  luminosity  caused  by 
the  phosphorescence  of  the  residual  gas  follows  all  the  con- 
volutions into  which  skillful  glass-blowers  can  manage  to  twist 
the  glas&  The  negative  pole  being  at  one  end  ana  the  posi- 
tive pole  at  the  other,  the  luminous  phenomena  seem  to  depend 
more  on  the  positive  than  on  the  negative  at  the  ordinary  ex- 
haustion hitherto  used  to  get  the  best  nhenomena  of  vacuum 
tubes.  But  at  a  very  high  exhaustion  the  phenomena  noticed 
in  ordinaiy  vacuum  tubes  when  the  induction  spark  passes 
through  them — an  appearance  of  cloudy  luminosity  and  of 
stratincations — disappear  entirely.  No  cloud  or  fog  whatever 
is  seen  in  the  bod^  of  the  tube,  and  with  such  a  vacuum  as  I 
am  working  with  in  these  experiments,  the  only  light  observed 
is  that  from  the  phosphorescent  surface  of  the  glass.  1  have 
here  two  bulbs  (fig.  6),  alike  in  shape  and  position  of  poles, 
the  only  difference  being  that  one  is  at  an  exhaustion  equal  to 
a  few  millimeters  of  mercury — such  a  moderate  exhaustion  as 
will  give  the  ordinary  luminous  phenomena — while  the  other 
is  exnausted  to  about  the  milliontn  of  an  atmosphera  I  will 
first  connect  the  moderately  exhausted  bulb  (A)  with  the 
inductioncoil,  and  retaining  the  pole  at  one  side  (a)  always 
native,  I  will  put  the  positive  wire  successively  to  the  other 
poles  with  whicn  the  bulb  is  furnished.  Yoxx  see  that  as  I 
change  the  position  of  the  positive  pole,  the  line  of  violet  light 
joining  the  two  poles  changes,  tne  electric  current  always 
choosinff  the  shortest  path  between  the  two  poles,  and  moving 
about  the  bulb  as  I  alter  the  position  of  the  wirea 

This,  then,  is  the  kind  of  phenomenon  we  get  in  ordinary 
exhaustiona  I  will  now  try  the  same  experiment  with  a  bulb 
(B)  that  is  very  highly  exhausted,  and  as  before,  will  make 
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the  side  pole  {of)  the  negative,  the  top  pole  (i)  being  positiye. 
Notice  how  widely  different  is  the  appearance  from  that  shown 
by  the  last  bulb.  The  n^ative  pole  is  in  the  form  of  a  shal- 
low cup.    The  molecular  rays  from  the  cup  cross  in  the  center 


of  the  bulb,  and  thence  diverging  fall  on  the  opposite  side  and 
produce  a  circular  patch  of  green  phosphorescent  light  As  I 
turn  the  bulb  round  you  will  all  be  able  to  see  the  green 
patch  on  the  glass.  Now  observe,  I  remove  the  positive  wire 
from  the  top,  and  connect  it  with  the  side  pole  (c).  The  green 
patch  from  the  divergent  negative  focus  is  there  stilL  1  now 
make  the  lowest  pole  ((2)  positive,  and  the  green  patch  remains 
where  it  was  at  first,  unchanged  in  position  or  intensity. 

We  have  here  another  property  of  Radiant  Matter.  In  the 
low  vacuum  the  position  of  the  positive  pole  is  of  every  im- 
portance, while  in  a  high  vacuum  the  position  of  the  positive 
pole  scarcely  matters  at  all ;  the  phenomena  seem  to  depend 
entirely  on  the  negative  pole.  If  the  negative  pole  points  in 
the  direction  of  the  positive,  all  very  well,  but  if  the  negative 
pole  is  entirely  in  the  opposite  direction  it  is  of  little  conse- 
G^uence :  the  Kadiant  Matter  darts  all  the  same  in  a  straight 
hue  from  the  negative 
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If,  instead  of  a  flat  disk,  a  hemi-oylinder  is  used  for  the  neg- 
ative pole,  the  Matter  still  radiates  normal  to  its  surfaoe.  The 
(tube  before  you  fig.  6)  illustrates  this  property.     It  contains, 

as  a  negative  pole,  a  hemi-cylinder 
(a)  of  polished  aluminium.  This  is 
connected  with  a  fine  copper  wire, 
by  ending  at  the  platinum  terminal, 
c  At  the  upper  end  of  the  tube  is 
another  terminal,  d.  The  induction- 
coil  is  connected  so  that  the  hemi- 
cylinder  is  negative  and  the  upper 
pole  positive,  and  when  exhausted 
to  a  sufficient  extent  the  projection 
of  the  molecular  rays  to  a  focus  is 
very  beautifully  shown.  The  ravs 
of  Matter  being  driven  from  tne 
hemi-cylinder  in  a  direction  normal 
to  its  surface,  come  to  a  focus  and 
then  diverge,  tracing  their  path  in 
brilliant  green  phosphorescence  on 
the  surface  of  the  glass. 

Instead  of  receiving  the  molecu- 
lar rays  on  the  ^lass,  I  will  show 
you  another  tube  m  which  the  focus 
falls  on  a  phosphorescent  screen. 
See  how  brilliantly  the  lines  of  dis- 
charge shine  out,  and  how  intensely 
the  focal  point  is  illuminated,  light- 
ing up  the  table. 


Badiant  Matter  when  intercepted  by  solid  matter  casts  a  shadow. 

Badiant  Matter  comes  from  the  pole  in  straight  lines,  and 
does  not  merely  permeate  all  the  parts  of  the  tube  and  fill  it 
with  light,  as  would  be  the  case  were  the  exhaustion  less  good. 
Where  there  is  nothing  in  the  way  the  rays  strike  the  screen 
and  produce  phosphorescence,  and  where  solid  matter  inter- 
venes they  are  obstructed  by  it,  and  a  shadow  is  thrown  op  the 
screen.  In  this  pear-shaped  bulb  (fig.  7)  the  negative  pole  (a) 
is  at  the  pointed  end.  In  the  middle  is  a  cross  (^)  cut  out  oi 
sheet  aluminium,  so  that  the  rays  from  the  negative  pole  pro- 
jected along  the  tube  will  be  partly  intercepted  bv  the  alumin- 
ium cross,  and  will  project  an  image  of  it  on  the  hemispherical 
end  of  the  tube  which  is  phosphorescent  I  turn  on  the  coil, 
and  you  will  all  see  the  black  shadow  of  the  cross  on  the 
luminous  end  of  the  bulb  (c,  d).  Now,  the  Radiant  Matter 
from  the  n^ative  pole  has  been  passing  by  the  side  of  the 
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aluminiam  cross  to  prodace  the  shadow ;  the  glass  has  been 
hammered  and  bombarded  till  it  is  appreciably  warm,  and  at 


the  same  time  another  effect  has  been  produced  on  the  glass — 
its  sensibility  has  been  deadened.  The  glass  has  got  tired,  if 
I  may  use  the  expression,  by  the  enforced  phosphorescence. 
A  change  has  been  produced  by  this  molecular  bombardment 
which  will  prevent  the  glass  from  responding  easily  to  addi- 
tional excitement;  but  the  part  that  the  shadow  has  fidlen 
on  is  not  tired— it  has  not  been  phosphorescing  at  all  and  is 
perfectly  fresh ;  therefore  if  I  throw  down  this  cross, — I  can 
easily  ao  so  by  giving  the  apparatus  a  slight  jerk,  for  it 
has  been  most  ingeniously  constructed  with  a  hinge  by  Mr. 
Gimingham, — and  so  allow  the  rays  from  the  negative  pole 
to  fall  uninterruptedly  on  to  the  end  of  the  bulb,  you 
will  suddenly  see  the  black  crosA  change  to  a  luminous  one 
because  the  oack-ground  is  now  only  capable  of  faintly  phos- 
phorescing, while  the  part  which  had  the  black  shadow  on  it 
retains  its  full  phosphorescent  power.  The  stencilled  image  of 
the  luminous  cross  unfortunately  soon  dies  out  After  a 
period  of  rest  the  glass  partly  recovers  its  power  of  phosphor- 
escing, but  it  is  never  so  good  as  it  was  at  first 

Here,  therefore,  is  another  important  property  of  Badiant 
Matter.  It  is  projected  with  great  velocity  from  the  negative 
pole,  and  not  only  strikes  the  glass  in  sucn  a  way  as  to  cause 
it  to  vibrate  and  become  temporarily  luminous  while  the 
discharge  is  going  on,  but  the  molecules  hammer  away  with 
sufficient  energy  to  produce  a  permanent  impression  upon  the 


Radiant  Matter  exerts  strong  fnechanical  action  where  it  strikes. 
We  have  seen  from  the  sharpness  of  the  molecular  shadows, 
that  Badiant  Matter  is  arrested  by  solid  matter  placed  in  its 
path.  If  this  solid  body  is  easily  moved  the  impact  of  the 
molecules  will  reveal  itself  in  strong  mechanical  action.    Mr 
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Gimingham  has  constructed  for  me  an  ingenious  piece  of  appa- 
ratus which  when  placed  in  the  electric  lantern  will  render  tnis 
mechanical  action  visible  to  all  present  It  consists  of  a 
highly  exhausted  glass  tube  (fig.  8),  having  a  little  glass  rail- 
way running  along  it  from  one  end  to  the  other.  The  axle  of 
a  amall  wheel  revolves  on  the  rails,  the  spokes  of  the  wheel 
carrying  wide  mica  paddlea  At  each  end  of  the  tube,  and 
rather  alx>ve  the  center,  is  an  aluminium  pole,  so  that  wnich- 
ever  pole  is  made  negative  the  stream  of  Badiant  Matter  darts 


from  it  along  the  tube,  and  striking  the  upper  vanes  of  the 
little  paddle-wheel  causes  it  to  turn  round  and  travel  alon^  the 
railway.  By  reversing  the  poles  I  can  arrest  the  wheel  and 
send  it  the  reverse  way,  and  if  I  genthr  incline  the  tube  the 
force  of  impact  is  observed  to  be  sumcient  even  to  drive  the 
wheel  up-hul. 

This  experiment  therefore  shows  that  the  molecular  stream 
from  the  negative  pole  is  able  to  move  any  light  object  in  front 
of  it 

The  molecules  being  driven  violentlv  from  the  pole  there 
should  be  a  recoil  of  the  pole  from  the  molecul^  and  by 
arranging  an  apparatus  so  as  to  have  the  negative  pole  mova- 
ble and  the  boay  receiving  the  impact  of  the  Radiant  Matter 
fixed,  this  recoil  can  be  rendered  sensible.  In  appearance  the 
apparatus  (fig.  9)  is  not  unlike  an  ordinarv  raaiometer  with 
aluminium  disks  for  vanes,  each  disk  coated  on  one  side  with 
a  film  of  mica.  The  fi y  is  supported  by  a  hard  steel  instead  of 
fflass  cup,  and  the  needle  point  on  wbicn  it  works  is  connected 
DV  means  of  a  wire  with  a  platinum  terminal  sealed  into  the 
glass.  At  the  top  of  the  radiometer  bulb  a  second  terminal  is 
sealed  in.  The  radiometer  therefore  can  be  connected  with  an 
induction-coil,  the  movable  fly  being  made  the  negative  pole. 

For  these  mechanical  effects  the  exhaustion  need  not  be 
80  high  as  when  phosphorescence  is  produced.  The  best  pres- 
sure for  this  electric^  radiometer  is  a  little  beyond  that  at 
which  the  dark  space  round  the  negative  pole  extends  to  the 
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sides  of  the  glass  bulb.  When  the  pressure  is  only  a  few  mil- 
lims.  of  mercury,  on  passing  the  induction  current  a  halo  at 
relvety  violet  light  forms  on  the  metallic  side  of  the  yanes, 
the  mica  side  remaining  dark.  As  the  pressure  diminishes,  a 
dark  space  is  seen  to  separate  the  violet  halo  from  the  metal. 
At  a  pressure  of  half  a  millimeter  this  dark  space  extends  to  the 
glass,  and  rotation  commences.  On  continumg  the  exhaustion 
the  dark  space  further  widens  out  and  appears  to  flatten  itself 
against  the  glass,  when  the  rotation  becomes  very  rapid. 


Here  is  another  piece  of  apparatus  (fig.  10)  which  illustrates 
the  mechanical  force  of  the  Radiant  Matter  from  the  negative 
pole.  A  stem  (a)  carries  a  needle-point  in  which  revolves  a 
light  mica  fly  (6  b).  The  fly  consists  of  four  square  vanes  of 
thin  clear  mica,  supported  on  light  aluminium  arms,  and  in 
the  center  is  a  small  glass  cap  which  rests  on  the  needle- 
point The  vanes  are  inclined  at  an  angle  of  46^  to  the  hori- 
zontal  plane.  Below  the  fly  is  a  ring  of  fine  platinum  wire 
{cc\  the  ends  of  which  pass  through  the  glass  at  (2d  An 
aluminium  terminal  {e\  is  sealed  in  at  the  top  of  the  tube,  and 
the  whole  is  exhausted  to  a  very  high  point 

By  means  of  the  electric  lantern  I  project  an  image  of  the 
vanes  on  the  screen.  Wires  from  the  induction-coil  are 
attached,  so  that  the  platinum  ring  is  made  the  n^ative  pole. 
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the  aluminium  wire  (e)  being  positiva  Instantly,  owing  to 
the  projection  of  Badiant  Matter  from  the  platinum  ring,  the 
vanes  rotate  with  extreme  velocity.  Thus  far  the  apparatus 
has  shown  nothing  more  than  the  previous  experiments  have 
prepared  us  to  expect ;  but  observe  what  now  happens.  I  dis- 
connect the  induction-coil  altogether,  and  connect  the  two  ends 
of  the  platinum  wire  with  a  small  galvanic  battery  ;  this  makes 
the  ring  c  c  red-hot,  and  under  this  influence  you  see  that  the 
vanes  spin  as  fast  as  they  did  when  the  induction-coil  was  at 
work. 

Here,  then,  is  another  most  important  fact.  Badiant  Matter 
in  these  high  vacua  is  not  only  excited  by  the  negative  pole 
of  an  induction-coil,  but  a  hot  wire  will  set  it  in  motion  with 
force  sufficient  to  drive  round  the  sloping  vanes. 

Hadiant  Matter  is  deflected  by  a  Ma^/net. 

I  now  pass  to  another  property  of  Radiant  Matter.  This 
long  glass  tube  is  very  highly  exhausted ;  it  has  a  negative 
pole  at  one  end  and  a  long  phosphorescent  screen  down  the 
center  of  the  tuba  In  front  of  the  negative  pole  is  a  plate  of 
mica  with  a  hole  in  it,  and  the  result  is,  when  I  turn  on  the 
current,  a  line  of  phosphorescent  light  is  projected  along  the 
whole  length  of  the  tube.  I  now  place  oeneath  the  tube  a 
powerful  horse-shoe  magnet :  observe  how  the  line  of  light 
Decomes  curved  under  the  magnetic  influence  waving  about 
like  a  flexible  wand  as  I  move  the  magnet  to  and  fro. 

This  action  of  the  magnet  is  very  curious,  and  if  carefully 
followed  up  will  elucidate  other  properties  of  Radiant  Matter. 
Here  (fig.  11)  is  an  exactly  similar  tube,  but  having  at  one  end  a 
small  potash  tube,  which  if  heated  will  slightly  injure  the  vacuum. 


I  turn  on  the  induction  current,  and  you  see  the  ray  of  Radiant 
Matter  tracing  its  trajectory  in  a  curved  line  along  the  screen, 
under  the  influence  of  the  horse-shoe  magnet  beneath.  Ob- 
serve the  shape  of  the  curve.     The  molecules  shot  from  the 
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negative  pole  may  be  likened  to  a  discharge  of  iron  ballets 
from  a  mitrailleuse,  and  the  magnet  beneath  will  represent  the 
earth  curving  the  trajectory  of  the  shot  by  gravitation.  Here 
on  this  luminous  screen  you  see  the  curved  trajectory  of  the 
shot  accurately  traced.  Now  suppose  the  deflecting  force  to 
remain  constant,  the  curve  traced  dv  the  projectUe  varies  with 
the  velocity.  If  I  put  more  powder  in  the  ^un  the  velocity 
will  be  greater  and  the  trajectory  flatter,  and  if  I  interpose  a 
denser  resisting  mediuin  between  the  gun  and  the  target,  I 
diminish  the  velocity  of  the  shot,  and  thereby  cause  it  to  move 
in  a  greater  curve  and  come  to  the  ground  sooner.  I  cannot 
well  increase  before  you  the  velocity  of  my  stream  of  radiant 
molecules  by  putting  more  powder  in  my  battery,  but  I  will 
try  and  make  them  sufier  greater  resistance  in  their  flight  from 
one  end  of  the  tube  to  the  other.  I  heat  the  caustic  potash 
with  a  spirit-lamp  and  so  throw  in  a  trace  more  gas.  Instantly 
the  stream  of  Badiant  Matter  responds.  Its  velocity  is  im- 
peded, the  magnetism  has  longer  time  on  which  to  act  on  the 
individual  molecules,  the  trajectory  gets  more  and  more 
curved,  until,  instead  of  shooting  nearly  to  the  end  of  the  tube, 
my  molecular  bullets  fall  to  the  bottom  before  they  have  got 
more  than  half-way. 

It  is  of  great  interest  to  ascertain  whether  the  law  governing 
the  magnetic  deflection  of  the  trajectory  of  Radiant  Matter  is 
the  same  as  has  been  found  to  hold  good  at  a  lower  vacuum. 
The  experiments  I  have  just  shown  you  were  with  a  very  high 
vacuum.  Here  is  a  tube  with  a  low  vacuum.  When  I  turn 
on  the  induction  spark,  it  passes  as  a  narrow  line  of  violet 
light  joining  the  two  poles.  Underneath  I  have  a  powerful 
electro-magnet  I  make  contact  with  the  magnet,  and  the  line 
of  light  dips  in  the  center  toward  the  magnet.  I  reverse  the 
poles,  and  the  line  is  driven  up  to  the  top  of  the  tube.  Notice 
the  difference  between  the  two  phenomena.  Here  the  action 
is  temporary.  The  dip  takes  place  under  the  magnetic  influ- 
ence ;  the  hue  of  discharge  then  rises  and  pursues  its  path  to 
the  positive  pola  In  the  high  exhaustion,  nowever,  after  the 
stream  of  Badiant  Matter  had  dipped  to  the  magnet  it  did  not 
recover  itself,  but  continued  its  path  in  the  altered  direction. 

By  means  of  this  little  wheel,  skillfully  constructed  hj  Mr. 
Gimingham,  I  am  able  to  show  the  magnetic  deflection  m  the 
electric  lantern.  The  apparatus  is  shown  in  this  diagram  (fig. 
12).  The  negative  pole  (a,  h)  is  in  the  form  of  a  very  shallow 
cup.  In  front  of  the  cup  is  a  mica  screen  (c,  cZ),  wide  enough 
to  intercept  the  Badiant  Matter  coming  from  the  negative  pola 
Behind  this  screen  is  a  mica  wheel  fa,/)  with  a  series  of  vanes, 
making  a  sort  of  paddle-wheel.  So  arranged,  the  molecular 
rays  from  the  pole  a  h  will  be  cut  off  from  the  wheel,  and  will 
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not  produce  any  movement     I  now  put  a  magnet,  g^  over  the 
tube,  so  as  to  deflect  the  stream  over  or  under  the  obstacle  c  c?, 

12. 


and  the  result  will  be  rapid  motion  in  one  or  the  other  direc- 
tion, according  to  the  way  the  magnet  is  turned.  I  throw  the 
image  of  the  apparatus  on  the  screen.  The  spiral  lines  painted 
on  the  wheel  show  which  way  it  turna  I  arrange  the  magnet 
to  draw  the  molecular  stream  so  as  to  beat  against  the  upper 
vanes,  and  the  wheel  revolves  rapidly  as  if  it  were  an  over- 
shot water-wheel.  I  turn  the  magnet  so  as  to  drive  the  Radiant 
Matter  underneath  ;  the  wheel  slackens  speed,  stops,  and  then 
begins  to  rotate  the  other  way,  like  an  under-shot  water-wheel. 
This  can  be  repeated  as  often  as  I  reverse  the  position  of  the 
magnet 

I  have  mentioned  that  the  molecules  of  the  Badiant  Matter 
discharged  from  the  n^ative  pole  are  negatively  electrified. 
It  is  probable  that  their  velocity  is  owing  to  the  mutual  repul- 
sion between  the  similarly  electrified  pole  and  the  molecules. 
In  less  high  vacua,  such  as  you  saw  a  few  minutes  ago,  the 
discharge  passes  from  one  pole  to  another,  carrying  an  electric 
current,  as  if  it  were  a  flexible  wire.  Now  it  is  of  great  inter- 
est to  ascertain  if  the  stream  of  Radiant  Matter  from  the  nega- 
tive pole  also  carries  a  current  Here  (fig.  18)  is  an  apparatus 
which  will  decide  the  question  at  once.  The  tube  contains 
two  negative  terminals  (a,  h)  close  together  at  one  end,  and  one 
positive  terminal  (c)  at  the  other.  This  enables  me  to  send  two 
streams  of  Radiant  Matter  side  by  side  along  the  phosphores- 
cent screen, — or  by,  disconnecting  one  negative  pole,  only  one 
stream. 

If  the  streams  of  Radiant  Matter  carry  an  electric  current 
they  will  act  like  two  parallel  conducting  wires  and  attract  one 
Am.  Joub.  Sol— Thibd  Sbribs,  Vol.  XVIII,  No.  106.— Oct.,  1879. 
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another ;  but  if  they  are  simply  built  up  of  negatively  electri- 
fied molecules  they  will  repel  each  other. 

13. 


I  will  first  connect  the  upper  negative  pole  (a)  with  the  coil, 
and  you  see  the  ray  shooting  along  the  line  d^f.  I  now  bring 
the  lower  negative  pole  (6)  into  play,  and  another  line  (c,  h) 
darts  along  the  screen.  But  notice  the  way  the  first  lien 
behaves ;  it  jumps  up  from  its  first  position,  dfjtodg,  shomng 
that  it  is  repelled,  and  if  time  permitted  I  could  show  you 
that  the  lower  ray  is  also  deflected  from  its  normal  direction : 
therefore  the  two  parallel  streams  of  Radiant  Matter  exert 
mutual  repulsion,  acting  not  like  current  carriers,  but  merely 
as  similarly  electrified  bDdies. 

Radiant  Matter  produces  Jieat  token  its  motion  is  arrested. 

During  these  experiments  another  property  of  Radiant  Mat- 
ter has  made  itself  evident,  although  I  have  not  yet  drawn 
attention  to  it  The  glass  gets  very  warm  where  the  green 
phosphorescence  is  strongest  The  molecular  focus  on  the 
tube,  which  we  saw  earlier  in  the  evening  (fig.  6)  is  intensely 
hot,  and  I  have  prepared  an  apparatus  by  wnicn  this  heat  at 
the  focus  can  be  rendered  apparent  to  all  present. 

I  have  here  a  small  tube  (fig.  14,  a)  with  a  cup-shaped 
negative  pole.  This  cup  projects  the  rays  to  a  focus  in  the 
middle  of  the  tube.  At  the  side  of  the  tube  is  a  small  electro- 
magnet, which  I  can  set  in  action  by  touching  a  key,  and  the 
focus  is  then  drawn  to  the  side  of  the  glass  tube  (fig.  14,  b). 
To  show  the  first  action  of  the  heat  I  have  coated  the  tube 
with  wax.  I  will  put  the  apparatus  in  front  of  the  electric 
lantern,  and  throw  a  magnifi^  image  of  the  tube  on  the  screen. 
The  coil  is  now  at  woA,  and  the  focus  of  molecular  rays  is 
projected  along  the  tube.  I  turn  the  magnetism  on,  and  draw 
the  focus  to  the  side  of  the  glass.  The  fif st  thing  you  see  is  a 
small  circular  patch  melted  in  the  coating  of  wax.  The  glass 
soon  begins  to  disintegrate,  and  cracks  are  shooting  starwise 
from  the  center  of  heat     The  glass  is  softening.    Now  the 
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atmospheric  pressure  forces  it  in,  and  now  it  melts.  A  hole  is 
perforated  in  the  middle,  the  air  rushes  in,  and  the  experiment 
IS  at  an  end. 

I  can  render  this  focal  heat  more  evident  if  I  allow  it  to  play 
on  a  piece  of  metal.      This  bulb  (fig.  15)  is  furnished  with  a 


negative  pole  in  the  form  of  a  cup  (a).  The  rays  will  there- 
fore be  projected  to  a  focus  on  a  piece  of  iridio-platinum  (6) 
supported  in  the  center  of  the  bulb. 

I  first  turn  on  the  induction-coil  slightly,  so  as  not  to  bring 
out  its  full  power.  The  focus  is  now  playing  on  the  metal, 
raising  it  to  a  white-heat.  I  bring  a  small  magnet  near,  and 
you  see  I  can  deflect  the  focus  of  heat  just  as  I  did  the  lumin- 
ous focus  in  the  other  tube.  By  shifting  the  magnet  I  can 
drive  the  focus  up  and  down,  or  draw  it  completely  away  from 
the  metal,  and  leave  it  non-luminous.  I  withdraw  the  magnet, 
and  let  the  molecules  have  full  play  again  ;  the  metal  is  now 
white-hot     I  increase  the  intensity  of  the  spark.     The  iridio- 

f)latinum  glows  with  almost  insupportable  brilliancy,  and  at 
ast  melts. 

The  Chemistry  of  BadictrU  Matter, 

As  might  be  expected,  the  chemical  distinctions  between  one 
kind  of  Badiant  Matter  and  another  at  these  high  exhaustions 
are  diflScult  to  recognize.  The  physical  properties  I  have  been 
elucidating  seem  to  be  common  to  all  matter  at  this  low  density. 
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Whether  the  gas  originally  under  experiment  be  hydrogen, 
carbonic  acid,  or  atmospheric  air,  the  phenomena  of  phospnor- 
escence,  shadows,  magnetic  deflection,  etc.,  are  identical,  only 
they  commence  at  diflFerent  pressures.  Other  facts  however, 
show  that  at  this  low  density  the  molecules  retain  their  chemi- 
cal characteristics.  Thus  by  introducing  into  the  tubes  appro- 
priate absorbents  of  residual  gas,  I  can  see  that  chemical 
attraction  goes  on  long  after  the  attenuation  has  reached  the 
best  stage  for  showing  the  phenomena  now  under  illusta^tion, 
and  I  am  able  by  this  means  to  carry  the  exhaustion  to  much 
higher  degrees  than  I  can  get  by  mere  pumping.  Working 
with  aqueous  vapor  T  can,  use  phosphoric  anhydride  as  an 
absorbent ;  with  carbonic  acid,  potash ;  with  hydrogen,  palla- 
dium ;  and  with  oxygen,  carbon,  and  then  potash.  The  nigh- 
est  vacuum  1  have  yet  succeeded  in  obtaming  has  been  the 
1-20,000, 000th  of  an  atmosphere,  a  degree  which  may  be  better 
understood  if  I  say  that  it  corresponds  to  about  the  hundredth 
of  an  inch  in  a  barometric  column  three  miles  high. 

It  may  be  objected  that  it  is  hardly  consistent  to  attach 
primary  importance  to  the  presence  of  Matter^  when  I  have 
taken  extraordinary  pains  to  remove  as  much  Matter  as  possible 
from  these  bulbs  and  these  tubes,  and  have  succeeded  so  far 
as  to  leave  only  about  the  one-millionth  of  an  atmosphere  in 
them.  At  its  ordinary  pressure  the  atmosphere  is  not  very 
dense,  and  its  recognition  as  a  constituent  of  the  world  of 
Matter  is  quite  a  modern  notion.  It  would  seem  that  when 
divided  by  a  million,  so  little  Matter  will  necessarily  be  left 
that  we  may  justifiably  neglect  the  trifling  residue  and  apply 
the  term  vacuum  to  space  from  which  the  air  has  been  so  nearly 
removed.  To  do  so,  however,  would  be  a  great  error,  attrib- 
utable to  our  limited  faculties  being  unable  to  grasp  high 
numbers.  It  is  generally  taken  for  granted  that  when  a  num- 
ber is  divided  by  a  million  the  quotient  must  necessarily  be 
small,  whereas  it  may  happen  that  the  original  number  is  so 
large  that  its  division  by  a  million  seems  to  make  little  impres- 
sion on  it.  According  to  the  best  authorities,  a  bulb  of  the 
size  of  the  one  before  you  (18*5  centimeters  in  diameter)  con- 
tains more  than  1,000000,000000,000000,000000  (a  Quadrillion) 
molecules.  Now,  when  exhausted  to  a  millionth  oi  an  atmos- 
phere we  shall  still  have  a  trillion  molecules  left  in  the  bulb — 
a  number  quite  sufl&cient  to  justify  me  in  speaking  of  the 
residue  as  Matter. 

To  suggest  some  idea  of  this  vast  number  I  take  the  ex- 
hausted bulb,  and  perforate  it  by  a  spark  from  the  induction 
coil.  The  spark  produces  a  hole  of  microscopical  fineness,  yet 
sufficient  to  allow  molecules  to  penetrate  and  to  destroy  the 
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vacuum.  The  inrush  of  air  impinges  against  the  vanes  and 
sets  them  rotating  after  the  manner  of  a  windmill.  Let  us 
suppose  the  molecules  to  be  of  such  a  size  that  at  every  second 
of  time  a  hundred  millions  could  enter.  How  long,  think  you, 
would  it  take  for  this  small  vessel  to  get  full  of  air?  "An 
hour?  A  day?  A  year?  A  century?  Nay,  almost  an 
eternity  I  A  time  so  enormous  that  imagination  itself  cannot 
grasp  the  reality.  Supposing  this  exhausted  glass  bulb,  indued 
with  indestructibility,  nad  been  pierced  at  the  birth  of  the 
solar  system ;  supposing  it  to  have  been  present  when  the 
earth  was  without  lorm  and  void;  supposing  it  to  have  borne 
witness  to  all  the  stupendous  changes  evolved  during  the  full 
cycles  of  geologic  time,  to  have  seen  the  first  living  creature 
appear,  and  the  last  man  disappear;  supposing  it  to  survive 
until  the  fulfilment  of  the  matnematicians'  prediction  that  the 
sun,  the  source  of  energy,  four  million  centuries  from  its  forma- 
tion will  ultimately  become  a  burnt-out  cinder;*  supposing  all 
this, — at  the  rate  of  filling  I  have  just  described,  100  million 
molecules  a  second — this  little  bulb  even  then  would  scarcely 
have  admitted  its  full  quadrillion  of  moleculeaf 

But  what  will  you  say  if  I  tell  you  that  all  these  molecules, 
this  quadrillion  of  molecules,  will  enter  through  the  micro- 
scopic hole  before  you  leave  this  room  ?  The  hole  being  un- 
altered in  size,  the  number  of  molecules  undiminished,  this 
apparent  paradox  can  only  be  explained  by  again  supposing 
the  size  of  the  molecules  to  be  diminished  almost  infinitely — 
so  that  instead  of  entering  at  the  rate  of  100  millions  every 
second,  they  troop  in  at  a  rate  of  something  like  800  millions 
a  second.  I  have  done  the  sum,  but  figures  when  thejr  mount 
so  high  cease  to  have  any  meaning,  and  such  calculations  are 
as  futile  as  trying  to  count  the  drops  in  the  ocean. 

In  studying  this  Fourth  state  of  Matter  we  seem  at  length  to 
have  within  our  grasp  and  obedient  to  our  control  the  little 
indivisible  particles  which  with  good  warrant  are  supposed  to 

*  The  possible  duration  of  the  sun  from  formation  lo  extinction  has  been  vari- 
ously esfchnated  by  different  authorities,  at  from  1 8  million  years  to  400  million 
years.    For  the  purpose  of  this  iUustration  I  have  taken  the  highest  estimate. 

f  Aooording  to  Mr.  Johnstone  Stoney  (Phil.  Mag.,  yoL  xzzvi,  p.  141),  1  ac  of 
air  contains  about  1000,000000,000000,000000  molecules.  Therefore  a  bulb  13*5 
centimeters  diameter  contains  13*6' x  0*5236  x  1000,000000,000000,000000  or 
1,288262,350000,000000,000000  molecules  of  air  at  the  ordinary  pressure.  There- 
fore the  bulb  when  exhausted  to  the  millionth  of  an  atmosphere  contains 
1,288252,350000,000000  molecules,  leaving  1,288251,061747,650000,000000  mole- 
cules to  enter  through  the  perforation.  At  the  rate  of  100,000000  molecules  a 
second,  the  time  required  for  them  all  to  enter  win  be 

12882,510617,476500  seconds,  or 

214,708510,291275  minutes,  or 

3,578475,171521  hours,  or 

149103,132147  days,  or 

408,501731  years. 
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coDstitute  the  physical  basis  of  the  universe.  We  have  seen 
that  in  some  of  its  properties  Radiant  Matter  is  as  material  as 
this  table,  whilst  in  other  properties  it  almost  assumes  the 
character  of  Badiant  Energy.  We  have  actually  touched  the 
border  land  where  Matter  and  Force  seem  to  merge  into  one 
another,  the  shadowy  realm  between  Known  and  Unknown 
which  for  me  has  always  had  peculiar  temptations.  I  venture 
to  think  that  the  greatest  scientific  problems  of  the  future  will 
find  their  solution  in  this  Border  Land,  and  even  beyond ;  here, 
it  seems  to  me,  lie  Ultimate  Realities,  subtle,  far-reaching,  won- 
derful. 

*'  Yet  all  these  were,  whoa  no  Kan  did  them  know, 
Yet  haye  from  wisest  Ages  hidden  beene ; 
And  later  Times  thinges  more  unknowne  shall  show. 
Why  then  should  witlesse  Man  so  much  misweene, 
That  nothing  is,  but  that  whidi  he  hath  aeene  ?" 


Abt.  XXXVL — On  the  Coincidence  of  the  Bright  Lines  of  the 
Oxygen  Spectrum  with  Bright  Lines  in  the  Solar  k^pectrum  ;  by 
HsNBY  Draper,  M.D.* 

I  INTEND  in  this  paper  to  speak  of  the  steps  that  led  to  the 
discovery  of  oxygen  in  the  Sun,  to  describe  very  briefly  some 
of  the  successive  improvements  of  the  electrical  and  optical 
apparatus  employed,  and  finally  to  discuss  the  earlier  results 
and  to  show  tneir  subsequent  confirmation. 

In  1857,  after  the  meeting  of  the  British  Association  at  Dub- 
lin, some  of  the  members,  by  the  kindness  of  the  Earl  of  Bosse, 
were  invited  to  visit  the  6-foot  Reflector  at  Birr  Castle.  In  this 
way  I  enjoyed  the  advantage  of  seeing  the  methods  by  which 
that  great  instrument  had  been  produced,  and,  on  returning  to 
America  in  1858,  it  prompted  me  to  begin  the  construction  of  a 
metallic  speculum  of  15^  inches  aperture.  Soon  after,  by  the 
advice  of  Sir  John  Herschel,  who  had  earlv  information  of 
Poucault's  work  in  Paris,  the  metal  was  abanaoned  in  favor  of 
silvered  glass,  and  several  mirrors  were  ground  and  polished. 
The  telescope  was  constructed  especially  tor  photography,  and 
good  results  were  obtained  in  1863,  culminating  in  the  produc- 
tion of  a  photograph  of  the  Moon  fifty  iuches  in  diameter. 
These  were  published  in  the  Smithsonian  Contributions  to  Sci- 
ence for  the  succeeding  year.  The  success  procured  with  this 
instrument  prepared  the  way  for  making  a  silvered  glass  Equa- 
toreal  of  twenty-eight  inches  aperture,  which  was  ready  for  use 

*  Read  before  the  Rojral  Astronomical  Society,  June  13th,  1879,  and  reprinted 
from  advance  sheets  of  the  Monthly  Notices.  This  Journal  is  indebted  for  the 
cuts  illustrating  this  artide,  to  the  Astronomical  Society. 
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in  1871,  though  it  has  been  much  modified  sinca  It  was  ob- 
vious that  increased  light-collecting  power  and  precise  equatoreal 
movements  were  necessary  for  tne  modern  applications  of 
physics  to  astronomy.*  More  recently  still  there  has  been  at- 
tached to  the  same  equatoreal  stand  an  achromatic  telescope  of 
twelve  inches  aperture  made  by  Alvan  Clark  &  Sons,  this  being 
particularly  intended  for  solar  spectroscopic  work. 

Soon  after  the  28-inch  Eeflector  was  turned  to  stellar  and 
planetary  photographic  spectroscopy  it  became  evident  that  the 
results  obtained  requirea  for  their  interpretation  photographs 
of  metallic  and  non-metallic  spectra,  so  that  comparisons  might 
be  instituted  leading  to  precise  knowledge  oi  the  elements 
producing  lines  at  the  more  refrangible  end  of  the  spectrum. 
This  led  to  a  division  of  the  work  into  two  parts,  one  for  the 
Observatory  in  the  country  in  the  warmer  half  of  the  year,  the 
other  for  my  town  laboratory  during  the  winter.  It  was  in  the 
latter  that  most  of  the  oxygen  work  has  been  done,  and  conse- 
quently the  engine,  the  Gramme  machine,  the  induction  coil, 
and  the  large  spectroscope  arc  generally  there. 

My  first  photographs  of  metallic  spectra  were  taken  with 
such  apparatus  as  happened  to  be  at  hand,  viz :  a  couple  of 
Bunsen's  batteries,  an  induction  coil  giving  a  spark  of  one-half 
inch,  and  a  Hofmann's  direct- vision  spectroscope.  The  length 
of  the  spectrum  from  G  to  H  was  about  half  an  inch,  but, 
though  the  dimensions  were  small,  the  promise  was  great. 
After  some  experiments,  however,  and  after  obtaining  more 
powerful  instrumental  appliances,  it  seemed  best,  as  able  phys- 
icists were  engaged  on  tne  metallic  spectra,  to  turn  attention 
more  particularly  to  photographing  the  spectra  of  the  non- 
metals.  The  exceedingly  valuable  researches  of  Dr.  Huggins 
had  brought  the  astronomical  importance  of  nitrogen,  carbon 
and  hydrogen  into  notice,  and  these  accordingly  were  next  the 
subject  of  experiment  Not  long  after,  on  examining  a  series 
of  photographs  of  the  fluted  spectrum  of  nitrogen  teien  with 
juxtaposed  solar  spectra,  the  suspicion  that  there  was  a  coinci- 
dence of  some  bright  bands  in  tne  two  spectra  was  suggested. 
On  pursuing  the  subject  with  more  and  more  powerful  electrical 
and  optical  arrangements,  the  coincidence  of  bright  lines  of 
oxygen  with  bright  lines  in  the  solar  spectrum  was  discovered. 

The  original  apparatus,  as  has  been  said  above,  was  on  a  very 
small  scale,  but  it  was  soon  replaced  by  a  larger  battery,  a 
2-inch  induction  coil,  and  a  direct-vision  prism  of  one  inch  ap- 
erture by  Browning.  The  electrical  part  was  made  more  and 
more  powerful  as  the  research  proceeaed,  the  2-inch  induction 
coil  being  succeeded  by  one  of  six  inches,  and  that  in  turn  by 
a  Ruhmkorff  coil  capable  of  giving  a  spark  of  seventeen  inches. 
The  battery  was  eventually  superseded  by  a  Gramme  dynamo- 
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electric  machine  which  can  produce  a  current  powerful  enough 
to  give,  between  carbon  points,  a  light  equal  to  600  standard 
candles.  When  this  machine  is  properly  applied  to  the  17-inch 
induction  coil,  it  will  readily  give  1,000  10-inch  sparks  per 
minute.  These,  being  condensed  by  fourteen  Leaden  jars,  com- 
municate an  intense  incandescence  to  air,  and  light  enough  is 
produced  to  permit  of  the  use  of  a  narrow  slit,  and  of  a  colli- 
mator and  telescope  of  lone  focus. 

Since  1877,  when  the  first  publication  of  the  discovery  of 
oxygen  in  the  Sun  was  made,  still  further  improvements,  es- 
pecially in  the  optical  parts,  have  been  completed,  so  that  I  am 
now  enabled  to  photograph  the  oxygen  spectrum  with  four 
times  the  dispersion  then  employed.  For  the  sake  of  clearness, 
it  is  best  to  give  a  brief  description :  1st,  of  the  electrical  part ; 
and  2nd,  of  the  optical  part 

The  electrical  part  consists  of  the  Gramme  machine  and  its 
driving  engine,  the  induction  coil,  the  Leyden  jars,  and  the 
terminal  or  spark  compressor.  An  advantage  the  Gramme  has 
over  a  battery  is  in  the  uniformitv  of  the  current  it  gives  when 
an  uniform  rate  of  rotation  of  its  bobbin  is  kept  up.  Of  course 
this  implies  the  use  of  a  prime  mover  that  is  well  regulated. 
The  petroleum  engine  of  one  and  a  half  horse-power  I  have 
employed  is  convenient  and  safe  and  does  this  duty  well.  As 
to  the  Gramme  itself,  it  is  only  needful  to  call  attention  to  a 
modification  of  the  interior  connections.  In  one  form  the 
bobbin  of  wire  which  revolves  between  the  magnets  is  double, 
so  that  the  current  produced  may  be  divided  into  two.  Under 
ordinary  circumstances,  where  tne  machine  is  used  to  produce 
light,  both  sides  of  the  bobbin  send  their  currents  through  the 
electro-magnet&  But  if  the  whole  current  be  sent  through  a 
quick-working  break  circuit  into  an  induction  coil,  the  electro- 
magnets do  not  become  sufficiently  magnetised  to  produce  any 
appreciable  effect.  It  is  expedient,  therefore,  to  arrange  the 
connections  so  that  one-half  of  the  bobbin  gives  a  continuous 
current  through  the  electro-magnets  and  keeps  up  the  intensity 
of  the  magnetic  field,  and  then  the  current  m)m  the  other  haft 
of  the  bobbin  may  be  used  for  exterior  work,  whether  contin- 
uous or  interrupted. 

At  first  a  Foucault  mercurial  interrupter  was  arranged  to 
make  and  break  the  current  passing  into  the  primary  circuit  of 
the  induction  coil ;  but  during  the  past  year,  by  carrying  the 
rate  of  rotation  of  the  Gramme  up  to  1,000  per  minute,  the 
strength  of  the  current  has  been  so  much  increased  that  the 
mercury  was  driven  violently  out  of  the  cup,  and  hence  it  was 
essential  to  arrange  a  mechanical  break  in  which  solid  metal 
alone  was  used.  This  has  been  accomplished  by  fastening  on 
the  axis  of  the  Gramme  bobbin  a  wheel  with  an  interrupted 
rim,  which  serves  the  purpose  well. 
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As  to  the  induction  coil,  it  is  only  needful  to  say  that  it  gives 
a  good  thick  spark,  which  is  limited  to  twelve  inches  to  avoid 
the  risk  of  injuring  the  insulation.  The  Leyden  jars  are  four- 
teen in  number,  having  altogether  seven  square  feet  of  coating 
on  each  surface. 

The  arrangement  of  the  terminals  from  the  Leyden  jars  to 
get  the  steadiest  and  brightest  effect  has  offered  great  difficulties. 
The  condensed  spark  taken  in  the  open  air  or  in  a  gas  under 
atmospheric  pressure  pursues,  if  unconfined,  a  zigzag  course, 
and  this  is  apt  to  produce  a  widening  of  the  lines  in  the  photo- 
graphed spectruuL  But,  after  many  experiments,  it  turned  out 
that  the  spark  might  be  compressed  between  two  plates  of  thick 
glass,  or,  better  yet,  between  two  plates  of  soapstone.  If  the 
interval  between  the  plates  was  directed  toward  the  slit  of  the 
spectroscope  the  lateral  flickering  of  the  spark  was  prevented, 
and  yet  at  the  same  time  the  spark  was  freely  exposed  to  the 
slit  without  the  intervention  of  glass  or  any  substance  on  which 
the  volatilized  metal  from  the  terminals  could  deposit.  Very- 
early  in  this  research  it  had  become  apparent  that  Pliicker  s 
tubes  could  not  be  employed  with  electrical  currents  of  more 
than  a  certain  intensity,  partly  on  account  of  the  deposit  that 
took  place  in  the  capiUary  portion,  and  partly  because  the  ter- 
minals became  so  hot  as  to  melt  and  crack  the  glas&  More- 
over, it  was  desirable  to  use  one  terminal  of  iron,  so  as  to  be 
sure  that  the  spectrum  of  the  gas  was  correctly  adjusted  to  the 
solar  spectrum,  and  this  is  impracticable  with  PlUcker's  tubes. 
An  additional  advantage  arises  from  the  soapstone  plates,  viz : 
the  temperature  of  the  small  volume  of  air  between  the  termi- 
nals is  materially  increased,  and  increased  brightness  results. 
I  have  tried  the  effect  of  warming  the  air  by  passing  it  through 
a  coil  of  brass  tube  maintained  at  a  bright  red  heat,  but  this 
does  not  seem  to  make  any  perceptible  difference  when  the  ter- 
minals are  enclosed  in  the  spark  compressor. 

Th^  optical  part  of  mv  apparatus  has  undergone  many  modi- 
ftcations.  At  first  a  Hof  mann  direct-vision  prism  was  combined 
with  a  lais  of  six  inches  focus ;  this  was  soon  after  replaced  by 
a  Btowting  direct-vision  prism  and  a  lens  of  eighteen  inches 
focus,  the  latter  being  arranged  for  conjugate  foci,  so  that  it 
was  virtually  as  if  collimating  and  observing  lenses  of  thirty- 
six  inches  focus  were  employed.  The  final  system,  perfected 
this  winter,  consists  of  a  collimator  of  two  inches  aperture  and 
twenty-six  inches  focus,  succeeded  by  two  bisulphide  of  carbon 
prisms  of  two  inches  aperture  and  an  observing  or  photograph- 
m^  lens  of  six  feet  six  inches  focal  length.  These  prisms 
belong  to  Mr.  Rutherfurd  and  are  the  same  he  made  for  produ- 
cing his  celebrated  solar  prismatic  spectrum.  This  gives  a 
dispersion  of  about  eight  inches  between  G  and  H  and  enables 


Digitized  by 


Google 


266 


H,  Draper — Oxygen  in  the  Sun. 


Spabe  Gompbessos:  1,  front  view;  2,  section  in  plane  of  narrow  opening; 
aoj  soapstone ;  bb,  terminals ;  c,  aperture  for  introducing  gases ;  d,  narrow  opening 
to  spark ;  e,  right-angled  prism ;  /,  slit  of  spectroscope. 
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DiAQEAH  OF  Photographic  Speotbosoopb:  a,  heliostat  mirror;  b^  spark  com- 
pressor; c,  right-angled  prism;  (2,  slit;  e,  collimator;  /  two  bisulphide  prisms; 
g,  photographic  objeotiye;  ^  camera;  i,  window  shutter. 
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me  to  get  original  negatives  on  a  scale  about  half  the  size  of 
Angstrom's  charts  in  the  Spectre  Normal  du  SoleiL  When  it 
is  remembered  that  the  light  produced  by  the  electric  current 
in  the  spark  compressor  is  scarcely  equal  to  one  standard  candle, 
it  will  be  realized  that  this  great  dispersion  nearly  attains  the 
limit  of  present  possibility.  By  comparison  I  have  found,  when 
the  electric  arc  from  this  Gramme  volatilizes  iron,  the  light  is 
sixty  times  stronger  than  the  most  vivid  incandescence  of  air 
that  I  have  produced. 

The  slit  of  the  spectroscope  is  about  one  inch  long,  and  oppo- 
site the  lower  half  is  placed  a  right-angled  prism  which  serves 
to  bring  in  a  beam  of  sunlight  from  a  heliostat  We  thus  have 
the  solar  spectrum  and  the  air  spectrum  upon  the  plate  at  the 
same  time,  so  that  the  two  spectra  on  the  negative  are,  strictly 
speaking,  simultaneously  produced.  Moreover,  by  the  aid  of 
a  magnifier  we  can  ascertain,  just  previous  to  an  exposure, 
whether  the  adjustments  are  in  the  best  order.  It  is  not  com- 
monly known  that,  to  obtain  the  last  degree  of  exactness  in 
coincidence  between  a  solar  and  an  air  spectrum,  many  precau- 
tions are  necessary,  and  that  is  the  reason  it  is  desirable  to  have 
iron  vapor  present  at  one  of  the  poles  so  as  to  determine  the 
reliability  of  the  coincidence  by  comparing  iron  in  the  spark 
spectrum  with  iron  in  the  Sun. 

Having  thus  alluded  to  some  of  the  principal  peculiarities  of 
the  apparatus  constructed  for  this  research,  it  is  proper  in  the 
next  place  to  point  out  the  nature  of  the  evidence  afforded  by 
the  photograpns  of  the  presence  of  oxygen  in  the  Sun.  The 
first  photographs  were  on  so  small  a  scale  that  they  did  not 
even  five  rise  to  a  suspicion  of  this  fact,  and  it  was  not  until 
1876  that  I  felt  sufficiently  sure  to  make  any  publication.  At 
this  time  the  original  negatives  were  about  two  mches  long  from 
G  to  H,  and  they  bore  an  enlargement  of  three  or  four  times 

2uite  well  The  Albertype  printed  in  1877  in  Nature,  the 
omptes  Rendus,  and  this  Journal,  was  produced  from  such  an 
enlargement.  Since  that  time,  in  order  to  meet  the  criticism 
that  perhaps  the  dispersion  was  not  sufficient  to  disclose  the 
lack  of  coincidence  it  such  existed,  I  have  increased  the  disper- 
sion four  times  and  am  thus  enabled  to  make  enlarged  photo- 
graphs on  a  scale  about  twice  the  size  of  Angstrom's  chart 
Enlargements  of  the  juxtaposed  spectra  of  air  and  Sun  on  this 
scale  are  now  presented  for  inspection. 

Of  course  an  enlargement  never  does  justice  to  the  original 
from  which  it  was  produced,  and,  in  order  to  study  the  matter 
faithfully,  the  negative  must  be  examined  carefully  with  a 
magnifier.  Beside  this,  owinff  partly  to  the  fact  that  the  solar 
spectrum  has  suffered  from  absorptive  influences,  both  in  the 
Earth's  atmosphere  and  in  the  solar  atmosphere,  the  conditions 
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under  which  the  oxygen  spectrum  is  seen  when  compared  with 
the  spark  spectrum  are  modified.  In  fact,  a  critical  study  of 
the  two  spectra  demands  that  each  line  of  oxygen  shoula  be 
separately  photographed  with  the  corresponding  region  of  the 
Sun's  spectrum,  so  as  to  reproduce  as  nearly  as  possible  the 
same  conditions  for  each.  As  an  instance  of  the  modifications 
which  may  be  caused  by  the  solar  atmosphere,  the  superposition 
of  absorption  lines  on  the  bright  lines  of  oxygen  may  be  men- 
tioned. If,  as  seems  to  be  the  case,  the  stratum  giying  the 
oxygen  spectrum  in  the  Sun  lies  deeper  than  the  reyersing 
layer  in  which  iron  exists,  I  see  no  reason  why  an  iron  absorp- 
tion line,  for  instance,  may  not  fall  upon  an  oxygen  bright  band. 
In  support  of  this  supposition  that  oxygen  is  photospheric,  it 
may  be  stated  that,  though  I  haye  examined  the  chromosphere 
on  many  occasions,  I  haye  not  as  yet  seen  the  bright  oxygen 
lines  project  beyond  the  apparent  limb  of  the  Sun  as  observed 
in  the  spectroscope,  although  several  of  the  chromosphere  lines 
catalogued  by  Young  were  readily  visible.  On  consulting  with 
Professor  Young,  he  expressed  the  opinion  that  the  oxygen 
groups  near  G  did  not  appear  as  bright  lines  in  the  chromo- 
sphere, even  under  the  exceptionally  &yorable  droumstances 
he  enjoyed  at  Sherman.  For  the  purpose  of  continuing  the 
study  of  this  point,  and  also  of  examining  small  areas  on  the 
Sun,  faculae,  spots,  etc.,  Alvan  Clark  &  Sons  are  constructing  a 
special  spectroscope  for  me  which  can  give  the  dispersion  of 
twenty  heavy  flint  prisms  and  can  bear  hiffh  magnifying  power. 
If  It  be  conceded  that  there  are  bright  lines  in  the  si>ectrum 
of  the  solar  disk,  which  seems  to  be  the  opinion  of  several  phys- 
icists, and  especially  Lockyer,  Cornu  and  Hennessy,  the  ques- 
tion of  their  origin  naturally  attracts  attention.  It  seems  that 
there  is  great  probability^  from  general  chemical  reasons,  that  a 
number  of  the  non-metals  may  exist  in  the  Sun.  The  obvious 
continuation  of  this  research  is  in  that  direction.  But  the  sub- 
ject is  surrounded  by  exceedingly  great  obstacles,  arising  prin- 
cipally from  the  difficulty  of  matching  the  conditions  as  to  tem- 
perature, pressure,  etc.,  found  in  the  Sun.  Any  one  who  has 
studied  nitrogen,  sulphur,  or  carbon,  and  has  observed  the  man- 
ner in  which  the  spectrum  changes  by  variations  of  heat  and 
pressure,  will  realize  that  it  is  well-nigh  impossible  to  hit  upon 
the  exact  conditions  under  which  such  bodies  exist  at  the  level 
of  the  photosphere.  The  fact  that  oxygen,  within  a  certain 
range  of  variation,  suffers  less  change  than  others  of  the  non- 
metals  has  been  the  secret  of  its  detection  in  the  Sun.  It 
appears  to  have  a  greater  stability  of  constitution,  though 
Schuster  has  shown  that  its  spectrum  may  be  made  to  vary.  I 
have  already  b^un  an  extended  series  of  experiments  on  the 
non-metals ;  but  the  results  exhibit  such  confusion  that  their 
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bearing  cannot  at  present  be  distinctly  seen.  In  the  case  of 
nitrogen  the  broad  bands  between  Gt  and  H  exhibit,  under  the 
most  intense  incandescence,  a  tendency  to  condense  into  narrow 
bands  or  lines,  and  indeed  there  are  some  sharp  lines  of  nitro- 
gen in  the  photographs  now  presented. 

It  does  not  follow,  therefore,  that  the  bright  bands  of  oxygen 
are  necessarily  the  brightest  parts  of  the  solar  spectrum.  Otner 
substances  may  produce  lines  or  bands  of  greater  brilliancy. 

There  is  also  another  cause  for  a  diflFerence  of  appearance  in 
a  bright-line  spectrum  produced  in  a  laboratory  and  bright 
lines  m  the  Sun.  While  the  edges  of  a  band  in  the  spark  spec- 
trum may  be  nebulous  or  shaded  oflf,  the  corresponainff  band 
in  the  solar  spectrum  may  have  its  edges  sharpened  by  the 
action  of  adjacent  dark  lines  due  to  one  or  another  of  the  metal- 
lic substances  in  the  Sun. 

On  the  whole,  it  does  not  seem  improper  for  me  to  take  the 
ground  that,  having  shown  by  photographs  that  the  bright 
lines  of  the  oxygen  spark  spectrum  all  fall  opposite  bright  por- 
tions of  the  solar  spectrum,  I  have  established  the  probability 
of  the  existence  of  oxygen  in  the  Sun.  Causes  that  can  mod- 
ify in  some  measure  the  character  of  the  bright  bands  of  the 
solar  spectrum  obviously  exist  in  the  Sun,  and  these,  it  may  be 
inferred,  exert  influence  enough  to  account  for  such  minor  dif- 
ferences as  may  be  detected. 

In  closing,  it  maj  be  well  to  give  some  idea  of  the  amount  of 
labor  and  time  this  research  has  already  consumed,  and  this 
cannot  be  better  done  than  by  a  statement  of  the  production  of 
electrical  action  that  has  been  necessary.  Each  photograph 
demands  an  exposure  of  16  minutes,  and,  with  preparation  and 
development,  at  least  half  an  hour  is  needed.  The  making  of 
a  photograph,  exclusive  of  intermediate  trials,  requires,  there- 
fore, about  80,000  10-inch  sparks,  that  is  30,000  revolutions  of 
the  bobbin  of  the  Gramme  machine.  In  the  last  three  years 
the  Gramme  has  made  20  millions  of  revolutions.  The  petro- 
leum engine  only  consumes  a  couple  of  drops  of  oil  at  each 
stroke,  and  yet  it  has  used  up  about  160  gallons.  Each  drop 
of  oil  produces  two  or  three  10-inch  sparks.  It  must  also  be 
borne  in  mind  that  comparison  spectra  can  only  be  made  when 
the  Sun  is  shining,  and  clouds  therefore  are  a  fertile  source  of 
loss  of  time. 

Appendix 

[We  find  in  the  Astronomical  Register  a  Report  of  the  Dis- 
cussion which  followed  the  reading  of  Dr.  Draper's  paper.  As 
this  is  the  expression  of  the  opinion  of  the  best  English  author- 
ities upon  the  conclusions  reached  in  the  memoir  and  as  it  will 
be  seen,  we  suppose,  by  but  few  of  our  readers,  we  present  it 
in  pretty  full  aostract,  as  a  matter  of  general  interest. — Eds.] 
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After  the  reading  of  the  paper,  Dr.  Draper  showed  some 
ex€^aisitely  sharp  n^atives  of  the  solar  ana  oxygen  spectra, 
which  he  had  obtained,  and  handed  round  some  paper  enlarge- 
ments, some  two  feet  long,  for  inspection  by  the  meeting. 

Mr.  Raayard :  After  the  reception  that  has  been  given  to  Dr. 
Draper,  I  dfo  not  think  I  need  say  anything  about  the  impor- 
tance of  the  research  he  has  undertaken.  When  a  couple  of 
years  ago  he  sent  over  copies  from  his  former  photographis  on  a 
much  smaller  scale,  I  then  ventured  to  say  that  I  thought  the 
probability  of  the  proposition  which  he  laid  down  was  very 
great  indeed,  amounting  to  some  thousands  to  one,  and  I  should 
like  now  to  point  out  how  enormously  the  probability  has  been 
increased  by  these  more  recent  experiments.  If  Dr.  Draper  has 
increased  his  dispersion  four  times  he  has  not  merely  increased 
the  probability  of  his  case  four  times,  but  he  has  increased  the 
value  of  eveiT  coincidence  he  shows  four  times.  On  looking 
at  the  original  photographs  (which  show  the  coincidences  more 
sharply  than  the  paper  prints)  I  counted  eighteen  oxygen  lines, 
and,  therefore,  the  increase  of  probability  on  the  present  occa- 
sion, as  compared  with  the  former  occasion,  is  as  four  to  the 
power  of  eighteen  to  one,  a  very  enormous  number.  There 
are  two  or  three  ways  of  looking  at  the  probability  of  the  prop- 
osition which  Dr.  Draper  has  laid  down,  that  the  bright  lines  of 
oxygen  coincide  with  the  bright  lines  in  the  solar  spectrum. 
In  the  first  place,  there  is  the  chance  that  the  center  of  no  sin- 
gle line  of  oxygen  should  fall  opposite  to  a  dark  line  or  space 
in  the  solar  spectrum.  If  a  line  were  thrown  at  random  b^ide 
the  solar  spectrum  the  chance  that  it  should  fall  opposite  to  a 
bright  part  of  the  solar  spectrum  would  be  as  the  total  breadth 
of  the  oright  part  of  the  solar  spectrum  to  the  total  breadth  of 
the  dark  part  of  the  solar  spectrum.  Let  us  suppose  that  the 
breadth  occupied  by  dark  lines  in  the  solar  spectrum  is  equal 
to  the  breadtn  occupied  by  bright  lines  (probably  as  seen  with 
high  dispersion  this  is  well  within  the  truth)  then  the  chance  of 
any  oxygen  line  falling  opposite  to  a  bright  line  or  interspace 
in  the  solar  spectrum  would  be  one-half,  and  if  the  eighteen 
lines  of  oxygen  had  been  thrown  down  at  random  beside  the 
solar  spectrum,  the  chance  that  the  center  of  all  the  lines  should 
fall  opposite  to  bright  spaces  would  be  one  divided  by  two  to 
the  power  of  eighteen.  In  addition  to  this  we  must  take  into 
account  the  chances  of  the  centers  of  the  bright  lines  appearing 
to  coincide  with  the  centers  of  the  bright  interspaces  where 
they  do  coincide,  for  in  some  instances  the  interspaces  are 
double  the  breadth  of  the  corresponding  oxygen  line,  the  oxy- 
gen line  being  on  one  side  and  coinciding  with  one  edge  of  the 
interspace ;  but  this  is  accounted  for  by  the  fact  that  there  are 
probably  other  bright  lines  in  the  solar  spectrum  besides  oxy- 
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gen  lines,  and  two  such  bright  lines  happen,  in  some  instances 
to  fall  together.  Then,  also,  it  most  be  remembered  that  the 
light  of  the  bright  lines  of  the  solar  spectrum  has  suffered 
absorption  in  the  solar  atmosphere^  and  m  the  earth's  atmos- 
phere, so  that  they  may  be  modified  by  the  superposition  of 
absorption  lines.  The  observations  of  the  bright  lines  seen  at 
the  limb  of  the  Sun  renders  it  probable  that  the  layer  of  the 
solar  atmosphere,  which  gives  rise  to  the  dark  lines,  lies  above 
the  layer  from  which  we  receive  the  light  of  the  bright  oxygen 
spectrum,  for  no  bright  oxygen  lines  are  seen  in  the  chromo- 
sphere. So  that  it  is  possible  to  conceive  that  the  oxygen  lines 
of  the  solar  spectrum  may  be  modified  as  we  observe  them  by 
the  superposition  of  dark  lines,  and  this  appears  in  one  or  two 
instances  to  have  been  the  case ;  but  the  character  of  the  bright 
interspaces  is  very  little  changed.  If,  after  examining  the  pho- 
tographs, anybody  has  still  any  doubts  as  to  the  case  made  out 
by  Dr.  Draper,  I  think  that  he  will  feel  obliged  to  them  if  they 
will  state  their  objections,  and  give  him  an  opportunity  of  dis- 
cussing them. 

Mr.  Christie :  I  do  not  feel  exactly  competent  to  enter  on  this 
question  very  deeply,  but  Dr.  Draper  has  very  kindly  given  me 
an  opportunity  of  examining  his  very  beautiful  photographs, 
and  I  cannot  help  expressing  my  great  admiration  at  the  splen- 
did results  he  has  achieved.  He  has  obtained  photographs  of 
the  spectrum  of  oxygen  which,  as  far  as  my  rather  limited 
acquaintance  with  the  subject  goes,  are  far  superior  to  anything 
else  of  the  kind ;  but  that  is  quite  another  question  from  prov- 
ing the  existence  of  oxygen  in  the  Sun.  I  am  afraid  that  is  a 
very  diflBcult  question  he  has  undertaken.  If  he  could  prove 
it,  I  think  these  photographs  would  go  a  very  long  way.  I 
do  not  see  myself  that  there  is,  as  he  has  expressed  it,  very 
much  more  to  be  done  in  the  matter.  But  I  am  sorry  to  say  it 
seems  to  open  up  to  me  rather  a  hopeless  prospect,  because  we 
are  brought  face  to  face  with  a  ffreat  difficulty.  Dr.  Draper  was 
very  kina  in  explaining  to  me  his  views,  and  he  did  not  at  all 
shirk  the  difficulties  of  the  case.  I  hope  I  may  be  justified  in 
alluding  to  them,  simply  for  the  sake  of  getting  at  the  truth. 
According  to  Dr.  Draper's  supposition,  the  solar  spectrum  is 
made  up  of  a  continuous  spectrum  with  dark  absorption  lines, 
and  also  bright  lines  superposed  upon  it  Now,  the  ordinary 
spectrum,  which  up  to  the  present  time  we  have  supposed  that 
we  had  to  deal  witn,  was  a  continuous  spectrum  with  dark  lines, 
but  when  you  superpose  on  this  bright  lines,  so  faint  that  you 
cannot  distinguish  their  brightness  from  the  general  back- 
ground of  the  spectrum,  it  is  evident  that  the  problem  becomes 
more  complicated.  I  do  not  want  to  express  any  opinion  one 
way  or  the  other.     I  am  in  the  position  oi  a  sceptic ;  it  may  be 
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an  unfortuDate  position,  but  I  think  it  is  a  truly  scientific  posi- 
tion. Now,  taking  the  position  of  a  sceptic,  one  has  to  exam- 
ine these  photographs  and  look  to  whether  Dr.  Draper  has 
shown  the  coincidences  as  Mr.  Banjard  asserts;  if  not,  his 
probabilities  fall  to  the  ground.  In  more  than  one  instance  I 
find  an  oxygen  line  opposite  a  broader  bright  space  in  the  solar 
spectrum,  which  appears  of  identically  the  same  brightness  in 
its  whole  breadth.  If  the  broader  space  consists  of  two  or  more 
bright  linc^  as  has  been  suggested,  we  have  two  difficulties  to 
contend  with ;  in  the  first  place  we  have  to  show  that  there  are 
other  substances  which  would  give  lines  corresponding  to  the 
unoccupied  breadth  of  the  interspace,  and  in  the  second  place 
we  have  the  fact  that  these  lines  are  undistinguishable  in  bright- 
ness from  the  oxvgen  lines.  Again,  each  of  the  oxygen  lines 
is  fuzzy  at  the  edfges,  and  as  there  is  nothing  analogous  in  the 
solar  spectrum,  we  have  to  suppose  that  the  fuzzy  e^es  are  cut 
off  by  adjacent  dark  linea     Now,  if  we  are  to  make  use  of 

SrobabUities,  I  would  ask  what  is  the  probability  of  a  pair  of 
ark  lines  falling  in  every  case  exactly  at  the  edges  of  an  oxy- 
gen line?  We  must  also  take  into  account  the  fact  that  former 
physicists  have  failed  to  identify  any  of  the  bright  lines  of  oxy- 
gen with  dark  lines  in  the  solar  spectrum,  and  therefore  we 
start  with  the  fact  that  none  of  the  oxygen  lines  can  fall  oppo- 
site to  dark  lines. 

Mr.  Proctor  said :  There  are  one  or  two  points  I  should  like 
to  mention.  I  do  not  think  that  Mr.  Christie  has  sufficiently 
taken  into  account  the  importance  of  the  fact  that  all  the  oxy- 
gen lines  fall  entirely  opposite  to  bright  interspaces  in  the  solar 
spectrum,  and  that  none  of  them  even  partially  overlap  dark 
line&  With  regard  to  the  general  character  of  the  solar  spec- 
trum, I  would  like  to  ask  those  who  have  more  especially  stu- 
died the  subject,  whether  it  does  not  seem  probable  from  ante- 
cedent considerations  that  the  solar  spectrum  should  be  purely 
gaseous  in  its  character,  that  is  to  say,  that  there  should  be 
bright  and  dark  lines,  but  no  continuous  background  of  spec- 
trum. Perhaps  some  of  you  have  considered  the  bearing  of 
Mr.  CrolFs  researches  on  this  matter.  He  considers  that  the 
earth  affords  evidence  that  the  solar  system  has  been  in  exist- 
ence for  more  than  20,000,000  of  years,  whereas,  if  the  Sun 
has  been  giving  out  energy  as  at  present  for  20,000,000  years, 
we  know  that  it  cannot  have  derived  it  from  shrinking  from 
even  an  infinite  volume  to  a  globe  as  large  as  the  photosphere. 
I  am  not  inclined  to  agree  with  him  in  his  explanation  that  the 
solar  energy  may  in  part  have  been  derived  from  the  impact  of 
stars,  but  rather  think  that  it  points  to  the  fact  that  the  real 
mass  of  the  Sun  lies  very  much  within  the  photosphere,  and 
that  if  there  is  any  solid  or  liquid  nucleus,  it  is  only  at  a  depth 
of  many  thousands  of  miles  below  the  photosphere.     If  that  is 
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the  case,  I  would  ask  whether  it  is  antecedently  probable  that 
there  should  be  any  continuous  background  in  the  solar  spec- 
trum. If  the  photosphere  is  purely  gaseous,  we  should  only 
have  bright  bands  interfered  with  and  modified  by  absorption 
lines. 

Dr.  Gladstone:  I  have  listened  with  the  greatest  attention  to 
Dr.  Draper.  When  the  photographs  first  came  over  I  was  not 
convinced,  but  certainly  he  has  produced  results,  which,  as 
Mr.  Ranyard  has  shown,  have  largely  increased  the  evidence  of 
there  being  real  coincidences  between  the  oxygen  lines  and 
bright  spaces  in  the  solar  spectrum.  There  seems  to  be  still  a 
great  question  as  to  whether  the  solar  spectrum  is  made  up  only 
of  bright  and  dark  lines,  or  whether  tnere  is  a  background  of 
continuous  spectrum.  I  am  not  disposed  to  give  up  the  idea 
that  we  have  a  continuous  spectrum  underlying  these  dark  lines, 
but  think  that  it  is  certain  that  we  have  also  bright  lines  mixed 
with  the  dark.  We  know  that  when  we  look  at  the  edge  of 
the  Sun  there  are  bright  lines  corresponding  to  hydrogen,  and 
some  other  elements  to  be  seen,  but  there  are  no  oxygen  lines. 
Now,  I  would  suggest  that  this  shows  that  the  oxygen  never 
rises  to  the  level  of  the  chromosphere,  so  as  to  be  seen  at  the 
limb  of  the  Sun,  and  probably  tnat  is  just  the  reason  why  we 
see  its  lines  as  bright  Imes  and  not  as  dark  lines,  for  it  never 
gets  up  to  a  level  where  it  is  sufficiently  cool  to  form  dark  lines. 
We  can  easily  understand  that,  with  so  much  iron  and  magne- 
sium vapor,  all  the  oxygen  as  it  rushes  upward  to  the  higher 
levels  may  enter  into  combination  and  fall  in  a  rain  of  oxides. 

Dr.  Huggins  said  that  he  had  examined  Dr.  Draper's  photo- 
graphs, and  was  overwhelmed  with  a  sense  of  the  large  amount 
of  conscientious  labor  and  care  which  he  had  evidently  bestowed 
upon  the  investigation.  Dr.  Draper  had  made  out  a  primd facie 
case,  which  entitled  him  to  demand  a  careful  examination  of 
the  evidence  he  had  brought  forward ;  but  for  his  own  part  he 
should  like  to  suspend  his  judgment  until  he  had  had  an  oppor- 
tunity to  ree'xamine  that  part  of  the  spectrum.  He  preferr^  to 
wait  for  a  little  light,  a  little  sunlight,  on  the  subject,  but  he 
wished  now  to  state  how  thoroughly  impressed  he  was  with  the 
cautious  and  careful  experimental  arrangements  which  Dr.  Dra- 
per had  adopted. 

Capt.  Noble:  It  seems  to  me,  looking  at  the  photographs 
impartially,  that  if  we  are  to  deny  the  evidence  supplied  by 
some  of  these  coincidences,  and  notably  by  this  group  of  four 
lines,  and  accept  Mr.  Christie's  dicta,  we  literally  should  have 
no  tangible  evidence  as  to  the  existence  of  any  element  in  the 
Sun  at  all. 

Mr.  Ranyard :  I  should  like  to  refer  to  one  or  two  of  the 
objections  raised  by  Mr.  Christie.     I  understood  him  to  urge  as 

Am.  Joub.  Soi.— Thibd  Sbbibs,  Vol.  XVIII,  No.  106.— Oct.,  1879. 
18 


Digitized  by 


Google 


274  H,  Draper — Oxygen  in  (he  Sun. 

an  objection  that  there  are  a  great  many  bright  spaces  which 
have  not  been  matched  with  the  bright  lines  of  non-metallic 
elements.  But  I  would  remind  him  that  there  are  also  many 
dark  lines  which  have  not  been  matched  with  the  lines  of 
known  elements.  Perhaps  they  will  never  be  matched,  for  the 
conditions  in  the  San  may  not  correspond  to  the  conditions 
obtainable  in  our  laboratonea  With  regard  to  the  bright  lines 
falling  opposite  interspaces  which  are  broader  than  the  bright 
lines  of  oxygen,  the  probability  is,  as  Mr.  Christie  states,  very 
great  against  their  bemg  two  adjacent  bright  lines  of  exactly 
equal  brightness,  but  it  must  be  remembered  that  we  are  not 
examining  the  bright  lines  themselves,  but  only  photographs 
of  the  lines,  and  that  the  bright  parts  of  these  photographs  are 
what  would  be  called  by  photographers  over-exposed,  and,  con- 
sequently, the  gradations  of  brightness  are  very  much  obliter- 
ated. Again,  I  understood  Mr.  Christie  to  say  that  if,  instead 
of  matching  oxygen  lines  with  interspaces,  you  began  the  other 
way,  you  ought  to  find  the  brightest  lines  of  the  spectrum 
matching  the  oxygen  lines,  but  this  involves  the  assumption 
that  oxygen  gives  brighter  lines  than  anv  other  element  in  the 
Sun.  6ut  I  would  ask  what  reason  we  have  for  assuming  that 
oxygen  gives  brighter  lines  than  any  other  element?  With 
regard  to  the  prooability  of  there  being  a  continuous  back- 
ground of  brightness  in  the  solar  spectrum,  it  should  be  remem- 
bered that  there  are  theoretical  considerations  which  render  it 
probable  that  there  is  always  such  a  continuous  background 
more  or  less  faint  between  the  bright  lines  in  the  spectrum  of 
a  gas— when  the  pressure  is  considerable  the  brightness  of  the 
continuous  part  of  the  spectrum  is  conspicubus ;  but  theoreti- 
cally there  will  always  be  a  continuous  spectrum  correspond- 
ing to  the  short  interval  of  time  after  the  impact  of  molecules 
during  which  the  jar  of  the  collision  lasts.  In  the  free  path 
between  the  impacts  they  give  out  the  characteristic  wave 
lengths,  but  however  rare  the  gas  I  suppose  there  will  always 
be  some  continuous  spectrum  corresponding  to  the  impacts, 
and  with  the  spectra  oi  a  great  many  gaseous  elements  super- 
posed the  contmuous  spectrum  may  be  conspicuous.  We  new! 
not,  therefore,  assume  if  we  should  find  evidence  of  such  a  con- 
tinuous spectrum  that  there  is  any  solid  or  liquid  matter  in  the 
photosphere ;  and  if  it  should  turn  out  that  there  are  no  oxy- 
gen lines  above  the  photosphere,  it  will  not,  I  think,  follow  that 
there  is  no  oxygen  there,  for  there  seems  to  be  evidence  that 
the  spectrum  of  some  of  the  elements  changes  materially  at  dif- 
ferent altitudes,  for  example,  the  1474  line  is  the  brightest  of 
the  bright  lines  in  the  corona,  but  it  is  a  very  faint  line  at  the 
level  of  the  reversing  layer,  and  Dj  is  a  very  bright  line  in  the 
lower  chromosphere,  but  there  is  no  dark  line  corresponding  to  it. 
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Mr.  Christie:  I  should  not  have  risen  excjept  that  reference 
bad  been  made  to  my  remarks.  I  do  not  know  that  I  should 
say  very  much,  but  I  think  I  may  remark  with  reference  to 
tbis  question  of  coincidence,  that  everythins  turns  upon  the 
exactness  of  the  coincidence,  and  whether  these  are  actually 
coincidences  or  not  I  am  not  quite  prepared  to  admit  that 
these  coincidences  are  perfect;  in  fact,  I  should  say  there  are 
even  coincidences  of  dark  lines  with  some  of  the  oxygen  lines. 
I  admit  that  it  is  a  matter  of  judgment,  and  I  should  be  sorry 
to  say  positively  that  there  are  such  coincidences  with  dark 
lines.  But  there  is  considerable  uncertainty  in  the  matter.  As 
Dr.  Draper  has  explained  there  is  a  great  difficulty  in  establish- 
ing coincidences,  and  you  have  to  adjust  your  apparatus  until 
you  match  coincidences  by  the  known  lines  of  iron.  It  seems 
some  of  these  do  not  coincide  exactly  with  the  dark  lines  in  the 
sun.  I  only  alluded  to  that  as  being  one  of  the  difficulties  we 
have  to  contend  with.  With  regard  to  Mr.  Ranyard's  remarks 
as  to  the  eye  perceiving  differences  of  brightness  which  the 
photographs  do  not  show,  I  would  merely  wish  to  ask  whether 
he  has  examined  with  his  eye  diflFerent  parts  of  the  spectrum, 
for  there  is  a  certain  part  in  the  neighborhood  of  the  Q  lines 
which  I  have  examined  and  find  the  photograph  gives  exactly 
the  same  appearance  as  is  seen  with  the  eye,  i.  e.,  the  whole 
space  is  of  equal  intensity.  I  do  not  think  there  is  much  dif- 
ference between  the  photograph  and  the  spectrum  as  seen  with 
the  eye.  The  only  object  of  my  remarks  was  to  clear  the  ground 
and  to  point  out  what  it  is  we  are  assuming  when  we  predicate 
the  existence  of  oxygen  as  ^ving  bright  lines  in  the  sun.  I  do 
not  dispute  it,  but  only  pomt  out  the  difficulties  we  must  face 
in  order  that  they  may  be  fairly  met 

Mr.  J.  Rand  Capron :  There  is  one  question  I  should  like  to 
ask  Dr.  Draper,  and  that  is,  whether  he  had  tried  any  experi- 
ments with  the  tube  spectrum  of  oxygen? 

Dr.  Draper :   A  great  many. 

Mr.  J.  Rand  Capron :  The  spark  taken  in  air  would  probably 
hardly  agree  with  the  spectrum  of  oxygen  near  the  sun's  body. 
I  have  had  occasion  to  photograph  simultaneously  the  tube 
spectrum  of  hydrogen  ana  the  air  spark  spectrum  at  ordinary 
pressures.  The  tube  spectrum  of  hydrogen  showed  four  hy- 
drogen lines  perfect  throughout,  but  only  one  of  these  lines  was 
represented  in  the  spectrum  of  air  at  ordinary  pressure,  so  that 
it  is  possible  certain  oxygen  lines  present  in  the  sun  may  be 
absent  in  the  spark  spectrum. 

Dr.  Draper :  I  have  taken  the  oxygen  spectrum  under  a  great 
many  different  circumstances.  I  began  with  tubes  containing 
oxygen  and  compounds  of  oxygen,  but  the  difficluty  is  that  you 
are  limited  to  rather  small  dispersion,  because  you  cannot  get 
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brightness  enough  for  a  larger  apparatus.  Then  the  diflSculty 
of  having  iron  terminals  so  as  to  show  a  good  coincidence  is  a 
serious  one.  So  when  I  naade  the  spark-compressor  I  arranged 
a  contrivance  at  the  back  which  would  enable  me  to  let  in  oxy- 
gen and  the  other  gases  between  the  terminals,  and  after  varioiis 
experiments  with  oxygen  I  find  that  it  seems  to  suffer  less 
change  with  altered  conditions  than  a  great  many  of  the  other 
elements  I  have  experimented  on.  I  have  fairly  shown  that  the 
bright  lines  coinciae  with  bright  spaces  in  the  solar  spectrum. 
The  minor  differences  may  be  fairly  attributed  to  such  changes 
of  condition  as  Mr.  Rand  Capron  has  referred  to.  With  regard 
to  Dr.  Gladstone's  remark,  which  was  that  probably  we  should 
not  find  in  the  chromosphere  the  lines  of  the  oxygen  spectrum. 
That  is  precisely  what  1  hope  will  be  the  case,  although  I  am 
going  to  look  as  hard  as  I  can  for  them.  I  should  like  to  see 
them  if  they  are  there,  but  I  shall  be  better  satisfied  if  they  are 
not 

A  cordial  vote  of  thanks  was  then  passed  to  Dr.  Draper. 

[The  photographs  of  the  oxygen  spectrum  and  juxtaposed 
solar  spectrum,  were  also  presented  to  the  French  Academy  of 
Sciences  in  Paris,  at  the  meeting  of  June  23,  1879,  by  M.  A. 
Cornu.  M.  Faye  made  the  following  remarks,  which  we  trans- 
late from  the  Comptes  Rendus. — EDa] 

"  I  cannot  refrain  from  adding  some  words  to  the  brilliant 
communication  that  the  Academy  has  just  heard.  Everything 
leads  us  to  believe  that  the  constitution  of  the  photosphere  and 
its  marvellous  alimentation,  are  due  to  alternate  phenomena  of 
chemical  combination  and  dissociation  operating  at  divers  tem- 
peratures in  the  mass  of  the  Sun  under  the  influence  of  ascend- 
ing and  descending  vertical  movementa  Such  at  least  is  the 
idea  I  have  arrived  at,  by  the  study  of  spots,  of  the  problem 
which  I  think  I  have  presented  in  all  its  fulness.  Naturally, 
the  richness  in  oxygen  of  the  compounds  which  constitute  the 
earth's  crust,  though  the  proportion  diminishes  little  by  little 
as  we  descend,  ought  to  cause  us  to  believe  that  this  same  ele- 
ment should  play  an  analogous  part  in  the  Sun ;  but  it  is  a 
remarkable  thing  that  up  to  the  present,  spectrum  analysis  has 
not  given  any  trace  of  it  On  the  other  hand,  it  showed  that 
round  that  star  there  was  a  vast  atmosphere  of  hydrogen  almost 
pure  and  very  much  rarified,  of  which  certain  portions,  fre- 
quently drawn  downward  by  the  mechanical  action  of  solar 
whirlwinds,  gave  origin,  in  ascending  again,  to  the  phenomena 
of  the  protuberances. 

Mr.  H.  Draper  has,  however,  succeeded  in  discovering  the 
oxygen,  not  in  the  chromosphere,  but  in  the  photosphere,  where 
it  discloses  itself  by  bright  lines.     It  is  obvious  that  if  this  gas 


Digitized  by 


Google 


«/:  W.  GMs  —  Vapor-Dermties.  277 

is  dissociated  at  a  depth,  it  is  immediately  taken  up  by  multiple 
combinations  in  the  region  and  at  the  temperature  of  the  bril- 
liant surfaca  I  see  iu  these  facts  the  hope  of  a  confirmation 
and  above  all  of  an  extension  of  the  views  I  have  put  forth  on 
the  constitution  of  the  Sun ;  but  whatever  may  be  the  fate  that 
the  progress  of  spectrum  analysis  reserves  to  them,  I  express 
here  my  admiration  for  the  discovery  of  Mr.  Draper,  and  I  nope 
that  his  results,  so  well  confirmed  by  the  photographic  proofs 
that  our  learned  member  M.  Cornu  has  shown  to  the  Academy, 
will  not  delay  in  being  universally  accepted  by  competent 
judges." 


Art.  XXXVIL — On  the  Vapor- Densities  of  Peroxide  of  Nitrogen, 
Formic  Acid,  Acetic  Acid,  and  Perchloride  of  Phosphorus  ;  by 

J.  WiLLAKD  GiBBS.  >i 

The  relation  between  temperature,  pressure,  and  volume,  for 
the  vapor  of  each  of  these  substances  diflfers  widely  from  that 
expressed  by  the  usual  laws  for  the  gaseous  state, — the  laws 
known  most  widely  by  the  names  of  Mariotte,  Gay-Lussac,  and 
Avogadro.  The  aensity  of  each  vapor,  in  the  sense  in  which 
the  term  is  usually  employed  in  chemical  treatises,  i.  e.,  its  den- 
sity taken  relatively  to  air  of  the  same  temperature  and  pres- 
sure,* has  not  a  constant  value,  but  varies  nearly  in  the  ratio 
of  one  to  two.  And  these  variations  are  exhibited  at  pressures 
not  exceeding  that  of  the  atmosphere  and  at  temperatures  com- 
prised between  zero  and  200°  or  300*^  of  the  centigrade  scale. 

Such  anomalies  have  been  explained  by  the  supposition  that 
the  vapor  consists  of  a  mixture  of  two  or  three  different  kinds 
of  gas  or  vapor,  which  have  different  densities.  Thus  it  is  sup- 
posed that  the  vapor  of  peroxide  of  nitrogen  is  a  gas-mixture, 
the  components  of  which  are  represented  (in  the  newer  chemical 
notation)  by  NO,  and  N3O4  respectively.  The  densities  cor- 
responding to  these  formula  are  1*589  and  3*178.  The  density 
of  the  mixture  should  have  a  value  intermediate  between  these 
numbers,  which  is  substantially  the  case  with  the  actual  vapor. 
The  case  is  similar  with  respect  to  the  vapor  of  formic  acid, 
which  we  may  regard  as  a  mixture  of  CH,0,  (density  1'589) 
and  C8H4O4  (density  3*178),  and  the  vapor  of  acetic  acid, 
which  we  may  regard  as  a  mixture  of  C1FI4O8  (density  2073) 
and  C4He04  (density  4*146).  In  the  case  of  perchloride  of 
phosphorus,  we  must  suppose  the  vapor  to  consist  of  three 
parts ;  PCI5  (the  proper  perchloride,  density  7*20),  PClg  (the 
protochloride,  density  4*98),  and  Ola  (chlonne,  density  2*22). 
Since  the  chlorine  and  protochloride  arise  from  the  decom- 
*  The  language  of  this  paper  will  be  conformed  to  this  usage. 
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posidon  of  the  perchloride,  there  must  be  as  many  mole- 
cules of  the  type  Q\  as  of  the  type  PClj.  Now  a  gas-mix- 
ture containing  an  equal  number  oi  molecules  of  PClg  and  Clj 
will  have  the  density  i(4-98-f2'22)  or  3-60.  It  follows  that  at 
least  so  far  as  the  range  of  the  possible  values  of  its  density 
is  concerned,  we  may  regard  the  vapor  as  a  mixture  in  varia- 
ble proportions  of  two  kinds  of  gas  having  the  densities  7*20 
and  8-60  respectively.  The  observed  values  of  the  density  ac- 
cord with  this  supposition. 

These  hypotheses  respecting  the  constitution  of  the  vapors 
are  corroborated,  in  the  case  of  peroxide  of  nitrogen  and  per- 
chloride of  phosphorus,  by  other  circumstances.  The  varying 
color  of  the  first  vapor  may  be  accounted  for  by  supposing  that 
the  molecules  of  the  type  T^%Oi  are  colorless,  while  each  mole- 
cule of  the  type  NOj  has  a  constant  color.  This  supposition 
affords  a  simple  relation  between  the  density  of  the  vapor  and 
the  depth  of  its  color,  which  has  been  verified  by  experiment.* 

The  vapor  of  the  pen'.hloride  of  phosphorus  shows  with  in- 
creasing temperature  in  an  increasing  degree  the  characteristic 
color  01  chlorine.  The  amount  of  the  color  appears  to  be  such 
as  is  required  by  the  hypothesis  respecting  the  constitution  of 
the  vapor  on  the  verv  probable  supposition  that  the  perchloride 
proper  is  colorless^  but  the  case  nardlv  admits  of  such  exact 
numerical  determinations  as  are  possible  with  respect  to  the 
peroxide  of  nitrogen.f  But  since  the  products  of  dissociation 
are  in  this  case  dissimilar,  they  may  be  partiallv  separated  by 
diffusion  through  a  neutral  gas,  the  lighter  chlorine  diffusing 
more  rapidly  than  the  heavier  protochloride.  The  fact  of  dis- 
sociation has  in  this  way  been  proved  by  direct  experiment4 

In  the  case  of  acetic  and  formic  acids,  we  have  no  other  evi- 
dence than  the  variations  of  the  densities  in  support  of  the 
hypothesis  of  the  compound  nature  of  the  vapor,  yet  if  these 
variations  shall  appear  to  follow  the  same  law  as  those  of  the 

Eeroxide  of  nitrogen  and  the  perchloride  of  phosphorus,  it  will 
e  difficult  to  refer  them  to  a  different  cause. 
But  however  it  may  be  with  these  acids,  the  peroxide  of 
nitrogen  and  the  perchloride  of  phosphorus  evidently  furnish 
us  with  the  means  of  studying  the  laws  of  chemical  equilibrium 
in  gas-mixtures  in  which  chemical  change  is  possible  and  does 
in  fact  take  place,  reversibly,  with  varying  conditions  of 
temperature  and  pressure.  Or,  if  from  any  considerations  we 
can  deduce  a  general  law  determining  the  proportions  of  the 

*  Salet,  "  Sur  la  coloration  du  perozyde  d'azote."  CkHuptes  Rendus,  t  Izyii, 
p.  488. 

f  H.  Sainte-Claire  Deville,  "  Sur  lea  density  de  vapeur."  Gomptes  Rendua,  t. 
bdi,  p.  1157. 

X  Waoklyn  and  Robinsoo.  ''  On  Diffusion  of  Vapours :  a  means  of  distinguish- 
ing between  apparent  and  real  Vapour-densities  of  Chemical  Compounds.  Proa 
Roy.  Soc.,  vol.  xii,  p.  607. 
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compoDont  gases  necessary  for  the  equilibrium  of  such  a  mix- 
ture under  any  given  conditions,  these  substances  afford  an 
appropriate  test  for  such  a  law. 

In  a  former  paper*  by  the  present  writer,  equations  were 
proposed,  to  express  the  relation  between  the  temperature,  the 
pressure  or  the  volume,  and  the  quantities  of  the  components 
m  such  a  gas-mixture  as  we  are  considering — a  gas-mixiure  of 
convertible  components  in  the  language  of  that  paper.  Applied 
to  the  vapor  of  the  peroxide  of  nitrogen,  these  equations  led  to 
a  formula  giving  tne  density  in  terms  of  the  temperature  and 
pressure,  which  was  shown  to  agree  very  closely  with  the  ex- 
periments of  Deville  and  Troost,  and  much  less  closely,  but 
apparently  within  the  limits  of  possible  error,  with  the  experi- 
ments of  Playfair  and  Wanklyn.  Since  the  publication  of 
that  paper,  new  determinations  of  the  density  have  been  pub- 
lished in  different  quarters,  which  render  it  possible  to  compare 
the  equation  with  the  results  of  experiment  throughout  a 
wider  ran^e  of  temperature  and  pressure.  In  the  present  paper, 
all  expermiental  determinations  of  the  density  of  this  vapor 
which  have  come  to  the  knowledge  of  the  writer  are  cited,  and 
compared  with  the  values  demanded  by  the  formula,  and  a 
similar  comparison  of  theory  and  experiment  is  made  with 
respect  to  each  of  the  other  substances  which  have  been  men- 
tioned 

The  considerations  from  which  these  formute  were  deduced 
may  be  briefly  stated  as  foUowa  It  will  be  observed  that  they 
are  based  rather  upon  an  extension  of  generally  acknowledged 
principles  to  a  new  class  of  cases  than  upon  the  introduction  of 
any  new  principle 

The  enerOT  of  a  gas-mixture  may  be  represented  by  an  ex- 
pression of  the  form 

m,{c,t  +  E;)  +  m,{e,t  +  E;)+etc, 

with  as  many  terms  as  there  are  different  kinds  of  gas  in  the 
mixture,  m^,  m^  etc.,  denoting  the  quantities  (by  weight)  of  the 
several  component  gases,  q,  e,,  etc.,  their  several  specific  heats 
at  constant  volume,  Ej,  E,,  etc.,  other  constants,  and  t  the  abso- 
lute temperatura  In  like  manner  the  entropy  of  the  gas-mix- 
ture is  expressed  by 

,(H»  +  c,logy<-a,logN^j 

+  ^«  (h,  +  c,  logN  t  -  a,  logK  —•  j  +  etc., 

*  '*  On  the  Equilibrium  of  Heterogeneous  Substances."  Transactions  of  the  Con- 
necticut Academy,  vol.  iii,  p.  108.  The  equations  referred  to  are  (313),  (317), 
(319)  and  (320),  on  pages  233  and  234.  The  applicability  of  these  equations  to 
such  cases  as  we  are  now  considering  is  discussed  under  the  heading  '*  Gas-mix- 
tures with  Convertible  Components,"  page  234. 
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where  v  denotes  the  volume,  and  Hi,  ai,  H,,  a^  etc.,  denote 
constants  relating  to  the  component  ^es,  a^,  a^  etc,  being  in- 
versely proportional  to  their  several  densitiea  The  logarithms 
are  l^Taperian.  These  expressions  for  energy  and  entropy  will 
undoubtedly  apply  to  mixtures  of  different  gases,  whatever 
their  chemical  relations  may  be,  (with  such  limitations  and  with 
such  a  degree  of  approximation  as  belong  to  other  laws  of  the 
gaseous  state),  when  no  chemical  action  can  take  place  under  the 
conditions  considered.  If  we  assume  that  they  will  apply  to 
such  cases  as  we  are  now  considering,  although  chemical  action 
is  possible,  and  suppose  the  equilibrium  of  the  mixture  with 
respect  to  chemical  change  to  be  determined  by  the  condition 
that  its  entropy  has  the  greatest  value  consistent  with  its 
energy  and  its  volume,  we  may  easily  obtain  an  equation 
between  m^,  m^  etc.,  t  and  v.* 
The  condition  that  the  energy  does  not  vary,  gives 

(m^  Cj  -^-rn^c^Af-  etc.)  dt  +  (^i  ^  +  E,)  rfm, 

+  (c, «  +  EJ  rfm,  +  etc.  =  0.  (1) 

The  condition  that  the  entropy  is  a  maximum  implies  that  its 
variation  vanishes,  when  the  energy  and  volume  are  constant : 
this  gives 

-^-^-j-^^ *  +  ^H,  -  a,  +  0,  logN  t  -  a,  logN  -'j  dm^ 

+  ^H,  -a,  +  c,logN<  -  a,logK^')rfm,  +  etc.  =  0.  (2) 

Eliminating  dtj  we  have 

(h,  -  «i  ~  c,  -  j  +  CjlogN< -  «,logN ~^j^ 

H,  -  a.  -  c,  -  -^  +  c,logK«-  a.logK— M  rfm,  +  etc.=  0.  (3) 

If  the  case  is  like  that  of  the  peroxide  of  nitrogen,  this  equa- 
tion will  have  two  terms,  of  which  the  second  may  refer  to  the 
denser  component  of  the  gas-mixture.  We  shall  then  have 
Oi  =  2a2,  and  dirii  =  —  dm^  and  the  equation  will  reduce  to  the 
form 

log5;'=-A-Blog<  +  ^,        ,  (4) 

where  common  logarithms  have  been  substituted  for  Naperian, 
and  A,  B  and  C  are  constants.  If,  in  place  of  the  quantities  of 
the  components,  we  introduce  the  partial  pressures,  pi,  pj,  due 
to  these  components,  and  measured  in  millimeters  of  mercury, 
by  means  of  the  relations 

*  For  certain  a  priori  considerations  which  give  a  deeree  of  probability  to 
these  assumptions,  the  reader  is  referred  to  the  paper  already  cited. 
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where  a^  denotes  a  constant,  we  have 

log^J=-(A  +  log2a.)«(l  +  B)log«  +  ^ 

=  -A'-.B'log<  +  j,  (6) 

where  A'  and  B'  are  new  constants.  Now  if  we  denote  by  p 
the  total  pressure  of  the  gas-mixture  (in  millimeters  of  mer- 
cury), by  D  its  density  (relative  to  air  of  the  same  temperature 
and  pressure),  and  by  D^  the  theoretical  density  of  tne  rarer 
component^  we  shall  have 

pip+p,::T>,:I>. 

This  appears  from  the  consideration  that  p+p^  represents  what 
the  pressure  would  become,  if  without  change  of  temperature 
or  volume  all  the  matter  in  the  gas-mixture  could  take  the  form 
of  the  rarer  component     Hence, 

D-D, 

2D,  — D 
Pi=P'-P,=P — J) — , 

and  ^'  ^^RIZPA 

i>;-it>(2D,-Dr 

By  substitution  in  (5)  we  obtain 

^^e%^^*=-^'-^'^<>st+j+iogp,.        (6) 

By  this  formula,  when  the  values  of  the  constants  are  deter- 
mmed,  we  may  calculate  the  density  of  the  gas-mixture  from 
its  temperature  and  pressura  The  value  of  Di  may  be  obtained 
from  tne  molecular  formula  of  the  rarer  component.  If  we 
compare  equations  (3),  (4)  and  (6),  we  see  that 

B'  =  B  +  1,  B  =  ^i-^^*. 

Now  c,— f2  is  the  diflference  of  the  specific  heats  at  constant  vol 
ume  of  NO3  and  N3O4.  The  general  rule  that  the  specific  heal 
of  a  gas  at  constant  volume  and  per  unit  of  weignt  is  inde 
pendent  of  its  condensation,  would  make  Ci=Cj|,  B=0,  and  B'=l. 
it  may  easily  be  shown,  with  respect  to  any  of  the  sub 
stances  considered  in  this  paper,*  that  unless  the  numerical 
value  of  B'  greatly  exceeds  unity,  the  term  B'  log  t  may  be 
neglected  without  serious  error,  if  its  omission  is  compensated 

*  Por  the  case  of  peroxide  of  nitrogen,  see  pp.  243,  244  in  the  paper  dted  above. 
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in  the  values  given  to  A'  and  0.  We  may  therefore  cancel 
this  term,  and  then  determine  the  remaining  constants  by  com- 
parison of  the  formula  with  the  results  of  experiment. 

In  the  case  of  a  mixture  of  Olj^  PClg  and  rCl^,  equation  (8) 
will  have  three  terms  distinguished  by  diflferent  suffixes.  To 
fix  our  ideas,  we  may  make  these  suffixes  2,  s  and  5,  referring  to 
CI,,  POlg  and  PCI5  respectively.  Since  the  constanta  a^  a,  and 
aj  are  inversely  proportional  to  the  densities  of  these  gases, 

a,  rfm,  =  a,  <fon,  ^  —  a^  <i^t9 

and  we  may  substitute  — ,  — ,  —  for  rfrw,,  dfw,  and  dm^  in  equa- 
tion (3),  which  is  thus  reauced  to  the  form 

If  we  eliminate  m^  m,,  m^  by  means  of  the  partial  pressures, 
Pti  ft,  Ps,  we  obtain 

when  A',  B',  like  A,  B  and  0,  are  constants.  If  the  chlorine 
and  the  protochloride  are  in  such  proportions  as  arise  from  the 
decomposition  of  the  perchloride,  Pi=Pz  and  ^p%Pi='{Pt+z^* 
In  this  case,  therefore,  we  have 

log-_:^_  =  ^A'  — B'log<  +  ?.  (») 

It  will  be  seen  that  this  equation  is  of  the  same  form  as  equa- 
tion (5),  when  05  in  (9)  is  regarded  as  corresponding  to  p%  in  (5), 
and  j^^-f-pj  in  (9),  which  represents  the  pressure  due  to  the  pro- 
ducts of  decomposition,  is  regarded  as  corresponding  to  pi  in 
(5),  which  has  tne  same  signification.  It  follows  that  equation 
(5),  as  well  as  (6),  which  is  derived  from  it,  mav  be  regarded  as 
applying  to  the  vapor  of  perchloride  of  phosphorus,  when  the 
values  of  the  constants  are  properly  determined.  This  result 
paight  have  been  anticipated,  but  the  longer  course  which  we 
have  taken  has  given  us  the  more  general  equations,  (7)  and 
(8),  which  will  apply  to  cases  in  which  there  is  an  excess  of 
chlorine  or  of  the  protochloride. 

If  the  gas-mixture  considered,  in  addition  to  the  components 
capable  of  chemical  action,  contains  a  neutral  gas,  the  expres- 
sions for  the  energy  and  entropy  of  the  gas-mixture  should 
properly  each  contam  a  term  relating  to  this  neutral  gas.  This 
would  make  it  necessary  to  add  c^m^  to  the  coefficient  of  dl  in 

c  tn 
(1),  and  -^  to  the  coefficient  of  dt  in  (2),  the  suffix  „  being 
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used  to  mark  the  quantities  relating  to  the  neutral  gas.  But 
these  quantities  would  disappear  with  the  elimination  of  dt^ 
and  equation  (8)  and  all  the  suosequent  equations  would  require 
no  modification,  if  only  p  and  D  are  estimated  (in  accordance 
with  usage)  with  exclusion  of  the  pressure  and  weight  due  to 
the  neutral  gas.  This  result,  which  may  be  extended  to  any 
number  of  neutral  gases,  is  simply  an  expression  of  Dalton  s 
Law. 

We  now  proceed  to  the  comparison  of  the  formulae,  especially 
of  equation  (6),  with  the  results  of  experiment 


Table    I. — Peboxidb    of   Nitrogen. 
MeperimerUs  at  Atmospheric  Pressvre, 

MlTSOHBBLIOH,— R.  M^LLBB  — DBYDiLB  Mid  TBOOST. 


Density 
calc.  by 

Density  obBcrved. 

ExoetB  of  observed  density. 

Temper- 

Prew- 

Deville  &  TrooBt. 

Deyille  ft  Trooit. 

eq.  (10). 

M-r.       I.       11.       III. 

M-?:'     I.           ^ 

11.       m. 

183-2 

(760) 

1-592 

1-57 

-022 

154-0 

(760) 

1-697 

1-58 

-017 

151-8 

(760) 

1-598 

1-50 

-•10 

135-0 

(760) 

1-607 

1-60 

-•007 

121-8 

(760) 

1-622 

1-64 

+  02 

121-5 

(760) 

1-622 

1-62 

-•002 

111-3 

(760) 

1-641 

1-65 

+  •009 

100-25 

760 

1-677 

1-72 

+  -04 

100-1 

(760) 

1-676 

1-68 

+  •004 

100^0 

(760) 

1-677 

1-71 

+  •03 

900 

(760) 

1-728 

1-72 

-•008 

84-4 

(760) 

1-768 

1-83 

+  -06 

80-6 

(760) 

1-801 

1-80 

-001 

79 

748 

1-814 

1-84 

+  -03 

77-4 

(760) 
(760) 

1-833 

1-85 

+  02 

700 

1-920 

1-92 

•000 

70 

764-6 

1-919 

1-96 

+  •03 

688 

(760) 

1-937 

1-99 

+  •06 

660 

(760) 

1-976 

203 

+  06 

60-2 

(760) 
(760) 

2-067 

2-08 

+  013 

65-0 

2-167 

2-20 

+  •04 

62 

757 

2-211 

226 

+  06 

49-7 

(760) 

2-266 

2-34 

+  •09 

496 

(760) 

2-266 

2-27 

+  014 

46-1 

(760) 

2-342 

2-40 

+  •06 

39-8 

(760) 

2-443 

2-46 

+  •017 

364 

(760 
(760) 

2-524 

2-63 

+  •006 

35-2 

2-628 

2-66 

+  -13 

34-6 

(760) 

2  539 

2*62 

+  •08 

32 

748 

2-682 

2-66 

+  -07 

28-7 

(760) 

2-642 

2-80 

+  •16 

28 

761 

2-652 

2-70 

+  06 

27-6 

(760) 

2-661 

2-70 

+  -04 

26-7 

(760) 

2-676 

2-66 

-026 
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Peroxide  of  nitrogen, — ^If  we  take  the  constants  of  the  equa- 
tion for  this  substance  from  the  paper  already  cited,*  we  have 

,      15-89  (D  — 1-689)         3118-6     ,,  ,„  ^^,        ,^^. 

tc  denoting  the  temperature  on  the  centigrade  scale.  The 
numbers  8-178  and  1-589  represent  the  theoretical  densities  of 
N2O4  and  NOj  respectively.  The  two  other  constants  were  de- 
termined by  the  experiments  of  Deville  and  Troost 

The  results  of  these  and  other  experiments  at  atmospheric 

Eressure,  all  made  by  Dumas'  methoa,  are  exhibited  in  Table 
The  first  three  columns  give  the  temperature  (centigrade), 
the  pi-essure  (in  millimetera  of  mercury),t  and  the  density 
calculated  from  the  temperature  and  pressure  by  equation  (10). 
The  subsequent  columns  give  the  densities  observed  by  differ- 
ent authorities,  and  the  excess  of  the  observed  over  the  calcu- 
lated densities.  In  the  first  column  of  observed  densities,  we 
have  one  observation  by  MitscherlichJ  (at  100*25°)  and  five  by 
R  Muller.§  The  three  remaining  columns  contain  each  the 
results  of  a  series  of  experiments  by  Deville  and  Troostl  In 
each  series  the  experiments  were  made  with  increasing  temper- 
atures, and  with  tne  same  vessel,  without  refilling.  It  should 
be  observed  that  the  results  of  the  three  series  are  not  regarded 
by  their  distinguished  authors  as  of  equal  weight  It  is  ex- 
pressly stated  that  the  numbers  in  the  two  earlier  series,  and 
especially  in  the  first,  may  be  less  exact  The  last  series  agrees 
very  closely  with  the  formula.  It  was  from  this  that  the  con- 
stants of  the  formula  were  determined.  The  experiments  of 
series  I  and  11,  and  those  of  Mitscherlich  and  Miiller,  give  some- 
what larger  values,  with  a  single  exception,  as  is  best  seen  in 
the  columns  which  give  the  excess  of  the  observed  density. 
The  diSerences  between  the  different  columns  are  far  too  r^- 
ular  to  be  attributed  to  the  accidental  errors  of  the  individual 
observations,  except  in  the  case  of  the  experiment  at  151*8**, 

*  See  equation  (336)  on  page  339,  loc  dtj —  also  the  following  equations  in 
which  the  densitj  is  given  in  terms  of  the  temperature  and  pressure.  In  com- 
paring these  equations,  it  must  be  observed  that  in  (336)  the  pressures  are 
measured  in  atmospheres,  but  in  this  paper  in  millimeters  of  meroniy. 

I  'jQQmm  ^gg  }qqqj^  assumed  as  the  pressure  of  the  atmosphere  in  all  cases  in 
which  the  precise  pressure  is  not  recorded  in  the  published  account  of  the  ex- 
perimeots.  The  figures  inserted  in  the  columns  of  pressures  are  in  such  cases 
enclosed  in  parentheses.  The  same  course  has  been  followed  in  the  subsequent 
tables.  With  respect  to  the  prindpsd  series  of  observations  by  DeviUe  and 
Troost  (series  III),  it  is  stated  that  the  barometer  varied  between  14*1  and  764 
millimeters.  A  difference  of  13  millimeters  in  the  pressure  would  in  no  case 
cause  a  difference  of  '005  in  the  calculated  densities.  In  this  series,  therefore, 
the  errors  due  to  this  circumstance  are  not  very  serious. 

t  Pogg.  Ann.,  voL  xzix  (1833),  p.  220. 

§Lieb.  Ann.,  vol  czzii  (1862).  p.  16. 

f  Comptea  Bendus,  voL  Iziv  (186*7),  p.  237. 
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where  some  accident  has  evidently  occurred  either  in  the 
experiment  itself  or  in  the  reduction  of  the  result  Setting 
this  observation  aside,  we  must  look  for  some  constant  cause 
for  the  other  discrepancies  between  the  diflFerent  series. 

We  can  hardly  attribute  these  discrepancies  to  diiference  in 
the  material  employed,  or  to  air  or  other  foreign  substance  im- 
perfectly expelled  from  the  flask.  For  impurities  which  increase 
the  density  would  make  the  divergence  between  the  different 
series  greatest  when  the  densities  are  the  least,  whereas  the 
divergences  seem  to  vanish  as  the  density  approaches  the  limit- 
ing value.  (A  similar  objection  would  apply  to  the  supposition 
of  any  error  in  the  determination  of  the  weight  of  the  flask 
when  filled  with  air  alona)  But  if  we  should  attribute  the 
divergences  to  an  impurity  which  diminishes  the  density  (as  air), 
we  should  be  driven  to  the  conclusion  that  the  first  series  of 
Deville  and  Troost  gives  the  most  correct  results,  and  that  all 
the  best  attested  numbers  at  temperatures  below  90®  are  consid- 
erably in  the  wrong.  It  does  not  seem  possible  to  account  for 
these  discrepancies  by  any  causes  which  would  apply  to  cases 
of  normal  or  constant  density.  They  are  illustrations  of  the 
general  fact  that  when  the  density  varies  rapidly  with  the  tem- 
perature, determinations  of  density  for  the  same  temperature 
and  pressure  by  diflFerent  observers,  or  diflferent  determinations 
bv  the  same  observer,  exhibit  discordances  which  are  entirely 
oi  a  diflFerent  order  of  magnitude  from  those  which  occur  with 
substances  of  normal  or  constant  densities,  or  which  occur  with 
the  same  substance  at  temperatures  at  which  the  density 
approaches  a  constant  value.  In  some  cases  such  results  may 
be  accounted  for  by  carelessness  on  the  part  of  the  observers,  not 
controlled  by  a  comparison  of  the  result  with  a  value  already 
known.  But  such  an  explanation  is  inadequate  to  explain 
the  general  fact,  and  evidently  inadmissible  in  the  present  case. 

It  is  probable  that  these  discrepancies  are  in  part  attributable 
to  a  circumstance  which  has  been  noticed  by  M.  Wurtz,  in  his 
account  of  his  experiments  upon  the  vapor-density  of  bromhy- 
drate  of  amylene,  in  the  following  words:  "Le  temps  pendant 
leguel  la  vapeur  est  maintenue  ^  la  temperature  oii  Ton  deter- 
mine la  density  n'est  pas  sans  influence  sur  les  nombres 
obtenus.  C*est  ce  qui  result  des  deux  experiences  faites  4  226 
degr^s  avec  des  produits  identiques.  Dans  la  premiere,  la  va- 
peur a  6t6  port6e  rapidement  k  225  degr^s.  Dans  la  seconde 
elle  a  et6  maintenue  pendant  dix  minutes  ^  cette  temperature. 
On  voit  que  les  nombres  trouv6s  pour  les  densites  ont  6te  fort 
diflFerents.  [The  numbers  were  4*69  and  8*()8  respectively.] 
Ce  rSsultat  ne  doit  point  surprendre  si  Ton  considere  que  le 
phenomfene  de  decomposition  de  la  vapeur  doit  absorber  de  la 
chaleur,  et  que  les  quantites  de  chaleur  necessaires  pour  pro- 
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duire  et  la  dilatation  et  la  d6compositioii  ne  saoraient  Stre 
foumies  instantan6ment"* 

It  is  Dot  difficult  to  form  an  estimate  of  the  quantities  of  heat 
which  come  into  play  in  such  cases.  With  respect  to  peroxide 
of  nitrogen,  it  was  estimated  in  the  paper  alre^j  cited  that  the 
heat  absorbed  in  the  conversion  of  a  unit  of  Na04  into  NOt 
under  constant  pressure  is  represented  by  7181  Of.  (The  heat 
is  supposed  to  be  measured  in  units  of  mechanical  work). 
Now  the  external  work  done  by  the  conversion  of  a  unit  of 
N2O4  into  NO3  under  constant  pressure  is  a^.  Therefore,  the 
ratio  of  the  heat  absorbed  to  the  external  work  done  by  the 
conversion  of  Nj04  into  NOj  is  7181 -r-^,  or  28  at  the  tempera- 
ture of  40^  centigrade.  Let  us  next  consider  how  much  more 
rapidly  this  vapor  expands  with  increase  of  temperature  at  con- 
stant pressure  than  air.     From  the  necessary  relation 


where  m  denotes  the  weight  of  the  vapor,  and  k  a  constant,  we 
obtain 


/dv\  _v  _v  /^\ 


where  the  suffix  p  indicates  that  the  differential  coefficients  are 
for  constant  pressure.  The  last  term  of  this  expression  evi- 
dently denotes  the  part  of  the  expansion  which  is  due  to  the 
conversion  of  N,04  into  NOj,  and  the  preceding  term  the 
expansion  which  would  take  place  if  there  were  no  such  con- 
version, and  which  is  identical  with  the  expansion  of  the  same 
volume  of  air  under  the  same  circumstances.     The  ratio  of  the 

two  terms  is  ""tRI"^)  j  ^be  numerical  value  of  which  for  the 

temperature  of  40®  is  2*42,  as  may  be  found  by  differentiating 
equation  (10),  or,  with  less  precision,  from  the  numbers  in  the 
third  column  of  Table  L  Let  us  now  suppose  that  equal  vol- 
umes of  peroxide  of  nitrogen  and  of  air  at  the  temperature  of 
40®  and  the  pressure  of  one  atmosphere  receive  equal  infinites- 
imal increments  of  temperature  under  constant  pressure.  The 
heat  absorbed  by  the  peroxide  of  nitrogen  on  account  of  the 
conversion  of  ^fii  into  NO2  is  28  times  the  external  work  due 
to  the  same  cause,  and  this  work  is  2*42  times  the  external 
work  done  by  the  expansion  of  the  air.  But  the  heat  absorbed 
by  the  air  in  expanding  under  constant  pressure  is  well  known 
to  be  8*5  times  the  work  done.  Therefore  the  heat  absorbed 
on  account  of  the  conversion  of  N2O4  into  NOj  is  (28  X 2*42 -f- 
8*5=)15*9  times  the  heat  absorbed  by  the  air.     To  obtain  the 

*  Comptes  Rendus,  t.  Ix,  p.  730. 
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whole  heat  absorbed  by  the  vapor  we  must  add  that  which 
would  be  required  if  no  conversion  took'  place.  At  40°  the 
vapor  of  peroxide  of  nitrogen  contains  about  54  molecules  of 
Nj04  to  46  of  NOa,  as  may  easily  be  calculated  from  its  density. 
The  specific  heat  for  constant  pressure  of  a  mixture  in  such 
proportions  of  gases  of  such  molecular  formulae,  if  no  chemi- 
cal action  could  take  place,  would  be  about  twice  that  of  the 
same  volume  of  air.  Adding  this  to  the  heat  absorbed  by  the 
chemical  action  we  obtain  the  final  result, — that  at  40°  and  the 
pressure  of  the  atmosphere  the  specific  heat  of  peroxide  of 
nitrogen  at  constant  pressure  is  about  eighteen  times  that  of 
the  same  volume  of  air.* 

But  the  greater  amount  of  heat  which  is  required  to  bring 
the  vapor  to  the  desired  temperature  is  only  one  factor  in  the 
increased  liability  to  error  in  cases  of  this  kind.  The  expan- 
sion of  peroxide  of  nitrogen  for  increase  of  temperature  under 
constant  pressure  at  40°  is  8'42  times  that  of  air.  If  then,  in  a 
determination  of  density,  the  vapor  fails  to  reach  the  tempera- 
ture of  the  bath,  the  error  due  to  the  diflference  of  the  tempera- 
ture of  the  vapor  and  the  bath,  will  be  8*42  times  as  great  as 
would  be  caused  by  the  same  diflference  of  temperatures  in  the 
case  of  any  vapor  or  gas  having  a  constant  density.  When  we 
consider  that  we  are  liable  not  only  to  the  same,  but  to  a  much 
greater  diflTerence  of  temperatures  in  a  case  like  that  of  perox- 
ide of  nitrogen,  when  the  exposure  to  the  heat  is  of  the  same 
duration,  it  is  evident  that  the  common  test  of  the  exactness  of 
a  process  for  the  determination  of  vapor-densities,  by  applying 
it  to  a  case  in  which  the  density  is  nearly  constant,  is  entirely 
insufl&cient. 

That  the  experiments  of  the  IIP  series  of  Deville  and  Troost 
give  numbers  so  regular  and  so  much  lower  than  the  other 
experiments  is  probably  to  be  attributed  in  part  to  the  length  of 
time  of  exposure  to  the  heat  of  the  experiment,  which  was  half 
an  hour  in  this  series, — for  the  other  series,  the  time  is  not  given* 

Another  point  should  be  considered  in  this  connection. 
During  the  heating  of  the  vapor  in  the  bath,  it  is  not  immate- 
rial whether  the  flask  is  open  or  closed.     This  will  appear,  if 

we  compare  the  values  of  y-rr)  and  ("^)  i    the   diflferential 

coefficients  of  the  density  with  respect  to  the  temperature  on 
the  suppositions,  respectively,  of  constant  pressure,  and  of  con-* 
stant  volume.     For  40°,  we  have 

*  Similar  c&lculatioiis  fh>m  less  precise  data  for  the  bromhydrate  of  amylene  at 
226°  seem  to  indicate  a  specific  heat  as  much  as  forty  times  as  great  as  that  of 
the  same  volume  of  air. 
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the  first  number  being  obtained  immediately  from  equation 
(10)  by  diflFereniiation,.and  the  second  by  differentiation  after 

substitution  of  — t=:  for  p.    The  ratio  of  these  numbers  evi- 

dently  gives  the  proportion  in  which  the  chemical  change  takes 
place  under  the  two  suppositions.  This  shows  that  only  about 
six-sevenths  of  the  heat  required  for  the  chemical  change  can 
be  supplied  before  opening  the  flask,  and  tbe  remainder  of  this 
heat  as  well  as  that  required  for  expansion  must  be  supplied 
after  the  opening.  The  errors  due  to  this  source  may  eviaently 
be  diminished  by  diminishing  the  intervals  of  temperature 
between  the  successive  experiments  in  a  series  of  this  kmd,  and 
also  by  diminishing  the  opening  made  in  the  flask,  which 
increases  the  time  for  which  the  flask  may  be  left  open  with- 
out danger  of  the  entrance  of  air.  In  the  III*  series  of  exper- 
iments by  Deville  and  Troost,  the  intervals  of  temperature  did 
not  exceed  ten  degrees  (except  after  the  density  had  nearly 
reached  its  limiting  value),  and  the  neck  of  the  flask  was  drawn 
out  into  a  very  fine  tuba 

In  Table  11,  which  relates  to  experiments  on  the  same  sub- 
stance at  pressures  less  than  that  of  the  atmosphere,  the  princi- 
Eal  series  is  that  of  Naumann,*  which  commences  a  few  degrees 
elow  the  lowest  temperatures  of  Deville  and  Troost,  and  extends 
to  —6°  centigrade,  the  pressures  varying  from  301  to  84  milli- 
meters. These  experiments  were  made  by  the  method  of  Qay- 
Lussac.  The  numbers  in  the  column  of  observed  densities 
have  been  re-calculated  from  the  more  immediate  results  of  the 
experiments,  and  are  not  in  all  cases  identical  with  those  given 
in  Professor  Naumann*s  paper.  Every  case  of  difference  is 
marked  with  brackets.  Instead  of  the  numbers  [2*66],  [2*62], 
[2-85],  [2-94],  Naumann's  paper  haa  2*57,  2-65,  2*84,  SOI, 
respectively.  In  some  cases  the  temperatures  and  pressures  of 
two  experiments  are  so  nearly  the  same  that  it  would  be  allow- 
able to  average  the  results,  at  least  in  the  column  of  excess  of 
observed  density.  In  such  cases  the  numbers  in  this  column 
have  been  united  by  a  brace.  The  greatest  difference  between 
the  observed  and  calculated  densities  is  '16,  which  occurs  at 
the  least  pressure,  84  millimeters.  In  this  experiment  the 
weight  of  the  substance  employed  is  also  less  than  in  any  other 
experiment.  Under  such  circumstances,  the  liability  to  error 
is  of  course  greatly  increased.  The  average  difference  between 
the  observed  and  calculated  densities  is  "OGS.  Since  these  dif- 
ferences are  almost  uniformly  positive  and  increase  as  the  tem- 
perature diminishes,  it  is  evident  that  they  might  be  considera- 
bly diminished  by  slight  changes  in  the  constants  of  equation 
(10),  without  seriously  impairing  the  agreement  of  that  equa- 
*  Berichte  der  Deutschen  Chemiscben  QesellschAft,  Jahrgang  zi  (1878),  S.  2046. 
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tion  with  the  experiments  of  DeviUe  and  Troost  But  it  has  not 
seemed  necessary  to  re-calculate  the  formula,  which,  in  its  pres- 
ent form,  will  at  least  illustrate  the  degree  of  accuracy  with 
which  densities  at  low  pressures  and  at  temperatures  below  the 
boiling  point  of  the  liquid  may  be  derived  from  experiments  at 
atmospheric  pressure  above  the  boiling  point  Moreover,  the 
excess  of  observed  density  may  be  due  in  part  to  a  circum- 
stance mentioned  by  Professor  Naumann,  that  the  chemical 
action  between  the  vapor  and  the  mercury  diminished  the  vol- 
ume of  the  vapor,  and  thus  increased  the  numbers  obtained  for 
the  density. 

Tablb   II. — Pbboxidb    of   Nitbogbn. 

Ikt^perimefnis  at  less  than  AtmospTieric  Pressure, 

PuLTFAiB  and  Wakkltn,— Teoost,— Naumank. 


Temperft- 

Preesnre. 

Density 
calculated 

Density  obfeired. 

Excess  of  obs. 

density. 

tiire* 

by  eq.  (10). 

P.*W. 

T.        N. 

P.  A  W.      T. 

N. 

97-6 

(301) 

1-631 

1-783 

+  162 

27 

36 

1-90 

1-6 

-•30 

27 

16 

1-77 

1-59 

-•18 

24-5 

(323) 

2-624 

2-62 

-•004 

22-6 

136-6 

2*34 

2-36 

+  01 

22-6 

101 

2-26 

2-28 

+  •02 

21-6 

161 

2-41 

2-38 

-03 

+  -06   ' 

20-8 

163-6 

2-41 

2-46 

20 

301 

2-69 

2-70 

+  11 

18-6 

136 

2-43 

2-46 

+  •02 

18 

279 

2-61 

2-71 

+  10 

17-6 

172 

2-61 

2-62 

+  •01 

16'8 

172 

2-53 

2-66 

+  -02 

16-6 

224 

2-69 

[2-66] 
t2-62] 

+  -07 

16 

228-6 

2-61 

+  -01 

14-6 

176 

2-58 

2-63 

+  06 

11-3 

(169) 

2-620 

2-646 

+  026 

11 

190 

2-66 

2-76 

+  -10 

10-6 

163 

2*64 

2-73 

+  •09 

4-2 

(129) 

2-710 

2-688 

-122 

4 

172-6 

2-77 

2-86 

+  -08 

2-6 

146 

2-76 

[2-86] 

+  •09 

1 

138 

2-78 

2-84 

+  06 

-1 

163 

2-83 

2-87 

+  •04 

-3 

84 

2-76 

2-92 

+  •16 

-6 

123 

2-85 

2-98 

+  •13 
+  07 

-6 

126-6 

2-87 

[2-94] 

The  same  table  includes  two  experiments  of  Troost,*  by 
Dumas'  method,  but  at  the  very  low  pressures  of  85"™  and 
16™™.  In  such  experiments  we  cannot  expect  a  close  agree- 
ment with  the  formula,  for  the  same  error  in  the  determination 
of  the  weight  of  the  vapor,  which  would  make  a  difference  of 

*  Comptes  Rendus,  t  IxxttI  (1878),  p.  1396. 
Am.  Jour.  Scl— Thibd  Sbbiss,  Vol.  XVIII.— No.  106,  Got.,  1879. 
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•01  in  the  density  in  experiments  at  atmospheric  pressure, 
would  make  a  difference  of  '21  or  47  in  the  circumstances  of 
these  experiments.  In  fact,  the  numbers  obtained  differ  con- 
siderably from  those  demanded  by  the  formula. 

There  remain  four  experiments  bv  Playfair  and  Wanklyn*  in 
which  Dumas'  method  was  varied  by  diluting  the  vapor  with 
nitrogen.  The  numbers  in  the  column  of  pressures  represent 
tbe  total  pressure  diminished  by  the  pressure  which  the  nitro- 
gen alone  would  have  exerted.  They  are  not  quite  accurate, 
since  the  data  given  to  the  memoir  cited  only  enable  us  to 
determine  the  ratiod  of  the  total  and  the  partial  pressures. 
The  numbers  here  given  are  obtained  by  setting  the  total  pres- 
sure, which  was  that  of  the  atmosphere  at  the  time  of  the 
experiment,  equal  to  760™°*.  The  effect  of  this  inaccuracy  upon 
the  calculated  densities  would  be  small.  Two  of  these  obser- 
vations agree  closely  with  the  formula ;  and  two  show  considera- 
ble divergence,  but  in  opposite  directions,  and  these  are  the  two 
in  which  the  quantities  of  peroxide  of  nitrogen  were  the  small- 
est The  differences  appear  to  be  attributable  rather  to  the 
difficulty  of  a  precise  determination  of  the  quantities  of  nitro- 
gen and  of  vapor,  than  to  any  effect  of  the  one  upon  the  other. 

Special  interest  attaches  to  experiments  at  the  same  or  nearly 
the  same  temperature  but  different  pressures.  For  with  exper- 
iments at  the  same  temperature,  the  constants  of  the  formula 
which  are  determined  by  observation  are  reduced  to  one,  so 
that  the  verification  of  the  formula  by  experiment  cannot  pos- 
sibly be  regarded  as  a  case  of  interpolation.  It  is  not  neces- 
sary that  the  temperatures  should  be  exactly  the  same,  for  it 
will  be  conceded  that  the  formula  represents  the  actual  func- 
tion well  enough  to  answer  for  adjusting  slight  differences  of 
temperature;  but  it  is  necessary  that  the  range  of  pressures 
should  be  considerable  in  order  that  the  differences  oi  density 
should  be  large  in  proportion  to  the  probable  errors  of  observa- 
tion. But  the  pressures  must  not  be  so  low  that  accurate 
determinations  become  impossible. 

In  the  experiments  of  Naumann  we  see  some  fair  corres- 
pondences with  the  formula  in  respect  to  the  influence  of  pres- 
sure, especially  in  the  first  four  experiments  of  the  list,  where, 
if  we  average  the  results  of  the  third  and  fourth  experiments, 
as  is  evidently  allowable,  the  observed  values  follow  very 
closely  the  fluctuations  of  the  calculated,  extending  from  2-26 
to  241.  In  other  cases  the  agreement  is  less  satisfactory. 
,  The  circumstance  that  the  experiments  at  the  two  highest  pres- 
sures (801  and  279™™),  give  results  exceeding  the  calculated 
values  considerably  more  than  any  other  experiments  at  adja- 
cent temperatures  may  seem   to  indicate  tnat  the  densities 

*  Trans.  B07.  Soc.  Bdlnb.,  vol  xxii  (1861X  p.  463. 


Digitized  by 


Google 


J.  W.  Oibbs—Va'por'Densities.  291 

increase  with  the  pressures  more  rapidly  than  the  formula 
allows ;  but  the  differences  are  not  too  large  to  be  ascribed  to 
errors  of  observation,  and  the  experiment  at  the  lowest  pres- 
sure (84°™)  also  shows  a  large  excess  of  observed  density. 

A  much  more  critical  test  may  be  found  in  the  comparison 
of  Naumann*8  experiments  with  those  of  Deville  and  Troost, 
notwithstanding  the  interval  of  about  4^  of  temperature.  The 
formula  requires  that  a  diminution  of  pressure  from  760  to  101 
millimeters  shall  reduce  the  density  from  2-676  at  26*7^  to  2-26 
at  22*6,  notwithstanding  the  effect  of  the  change  of  temperature. 
Experiment  gives  a  reduction  of  density  from  2*65  to  2*28, 
which  is  about  one-ninth  less.  This  is,  it  will  be  observed,  a 
deviation  from  the  formula  in  the  opposite  direction  from  that 
which  the  experiments  of  Naumann  alone,  or  a  comparison  of 
the  experiments  of  Troost  with  those  of  Deville  and  Troost, 
seemeci  to  indicate.  The  experiment  here  compared  with  Nau- 
mann's  belongs  to  the  III*  series  of  Deville  and  Troost  If 
instead  of  this  experiment  we  should  take  an  average  of  the 
experiments  at  lowest  temperature  in  the  IP  and  IIP  series, 
the  agreement  with  the  formula  with  respect  to  the  effect  of 
change  of  pressure  would  be  almost  perfect 

Formic  acid. — In  Table  III,  the  determinations  of  Bineau 
are  compared  with  the  densities  calculated  by  the  formula 

,      1-589  (D- 1-589)  3800      ,,         '     ,^^^,  .     . 

^"8    (sm-D)'    =^+m+^"g^ - ^^•^'^-     (^^> 

The  observed  densities  are  taken  from  the  eighteenth  volume 
of  the  third  series  of  the  Annales  de  Chimie  et  de  Physique 
(1846),  except  in  three  cases,  distinguished  by  parentheses, 
which  are  earlier  determinations  published  in  the  nineteenth 
volume  of  the  Comptes  Eendus  (1844).  It  may  be  added  that 
the  pressure  (687)  for  the  experiment  at  108°  is  taken  from 
Erdmann's  Journal  fiir  praktische  Chemie  (voL  xl,  p.  44),  the 
impression  being  imperfect  in  the  Annales,  in  the  copies  to 
which  the  writer  has  been  able  to  refer,  where  the  figures  look 
much  like  687.  (The  pressure  637  would  make  the  calculated 
density  2*28.) 

In  the  column  which  gives  the  excess  of  observed  densities, 
"the  effect  of  nearness  to  tne  state  of  saturation  is  often  very 
marked.  Such  cases  are  distinguished  by  an  asterisk.  The 
temperature  of  99 '5"  is  below  the  boiling  point  of  formic  acid, 
and  the  higher  pressures  employed  at  this  temperature  cannot 
be  far  from  the  pressure  of  saturated  vapor.  With  respect  to 
lower  temperatures,  we  have  the  statement  of  Bineau  that  the 

fressure  of  saturated  vapor  is  about  19°*"  at  18°,  20-5°*'°  at 
5"^,  88-6"»"^  at  22'',  and  bZ'S^  at  82^  By  interpolation 
between  the  logarithms  of  these  pressures,  (in  a  single  case,  by 
extrapolation),  we  obtain  the  following  result 
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Temperatare 10-6  12*6  16  18-6 

Pressure  of  sat.  vapor...  16-6  18*5  22  26*2 

Pressure  of  experiment-.  14*69        15-20        16*9^  2353 

Table    III.  —  Fobmic    Acid. 
Meperiments  of  Binbaix. 


22 

33-5 

2617 


Temperature. 

Presrare. 

OAlcnlateaby 
eq.  (U). 

o?2s?ja. 

Excew 

ofobeerred 

density. 

2160 

690 

1-60 

1-61 

+  01 

184-0 

760 

1-64 

1-68 

+  •04 

126-6 

687 

2-03 

205 

+  •02 

126-5 

646 

202 

203 

+  01 

124-6 

670 

2-04 

206 

+  •02 

124-6 

640 

2-03 

2-04 

+  01 

118-0 

656 

2-13 

(214) 

(+01) 

118-0 

650 

2-13 

213 

•00 

117-6 

688 

2-15 

213 

-02 

116-6 

649 

217 

2-20 

+  •03 

116-6 

640 

216 

2-16 

-00 

116 

656 

218 

(2-13) 

(--05) 

111-6 

690 

2-25 

2-22 

-•03 

111-5 

690 

2-26 

2-25 

-00 

111 

608 

2-22 

(2-13) 

(-09) 

108 

[687] 

2-30 

2-31 

+  -01 

105-0 

^691-* 

2-35 

2-36 

•00 

105-0 

660 

2-34 

2-33 

-•01 

106-0 

630 

2-33 

2-32 

-•01 

101-0 

693 

2-42 

2-44 

+  -02 

1010 

650 

2-40 

2-41 

+  01 

99-5 

690 

2-44 

2-52 

+  •08* 

99-6 

684 

2-44 

2-49 

+  06 

99-5 

676 

2-44 

2-46 

+  -02 

99-5 

662 

2-43 

2-44 

+  01 

99-6 

641 

2-42 

2-42 

•00 

99-5 

619 

2-41 

2-41 

-00 

99-5 

602 

2-41 

2-40 

-•01 

99-6 

657 

2-39 

2-34 

-05 

34-6 

28-94 

2-82 

2-77 

-05 

31-5 

304 

2-40 

2-60 

+  •20 

80-6 

8-83 

2-67 

2-69 

+  •02 

300 

18-28 

2-81 

2-76 

--05 

290 

27-40 

2-88 

2-83 

--05 

24-6 

17-39 

2-88 

2-86 

--02 

220 

25-17 

2*95 

3-05 

+  -10* 

20-0 

16-67 

2-93 

2-94 

+  -01 

200 

7-99 

2-84 

2-85 

+  -01 

200 

2-72 

2-64 

2-80 

+  •16 

18-5 

23-53 

2-98 

3-23 

+  -25» 

16-0 

15-97 

2-97 

3-13 

+  16* 

16-6 

2-61 

272 

2-86 

+  -14 

160 

7-60 

2-90 

2-93 

+  -03 

12-6 

15-20 

300 

3-14 

+  -14» 

11-0 

7-26 

2-95 

302 

+  07 

10-5 

14-69 

301 

3-23 

+  -22» 

Whether  the  large  excess  of  observed  density  in  these  cases 
represents  a  property  of  the  vapor,  or  an  incipient  condensation 
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on  the  walls  of  the  vessel  which  contains  it,  as  has  been  supposed 
by  eminent  physicists  in  similar  cases,  we  need  not  here  discuss. 

If  we  reject  these  cases  of  nearly  saturated  vapor,  as  well  as 
the  three  earlier  determinations,  there  remain  25  experiments 
at  pressures  somewhat  less  than  one  atmosphere  in  which  the 
naaximum  diflFerence  between  the  observed  and  calculated  densi- 
ties is  OS,  and  the  average  difference  -016 ;  nine  experiments  at 
pressures  ranging  from  29°™  to  7™™,  in  which  the  maximum 
difference  is  '07  and  the  average  *085 ;  and  three  experiments  at 
pressures  of  about  8"*™,  in  which  the  average  difference  is  -17. 
The  extraordinary  precision  of  the  determinations  at  low  pres- 
sures is  doubtless  due  to  the  large  scale  on  which  the  experi- 
ments were  conducted.  All  the  experiments  at  temperatures 
below  99®,  were  made  with  a  globe  of  the  capacity  of  6^  liters 
with  a  stem  of  suitable  length  to  hold  the  barometric  column. 

The  agreement  is  certainly  as  good  as  could  be  desired,  and 
shows  the  accuracy  of  which  the  method  of  observation  is 
capable.  But  in  no  part  of  the  thermometric  scale  do  we  find  so 
great  a  range  of  pressures  as  might  be  desired,  without  using 
pressures  too  low  for  accurate  results,  or  observations  which  are 
to  be  rejected  for  other  reasons. 

[To  be  ooQtinued.] 


Abt.  XXXVIII.— y^g  Fault  at  Rondout;  by  T.  Nelson 
Dale,  Jr. 

Mather  gives  a  section,*  from  between  Glasco  and  Great 
Falls  of  Esopus  Creek,  in  which  the  Hudson  Eiver  slates  and  the 
Lower  Helderberg  limestones  are  unconformably  superposed, 
and  the  latter  present  the  form  of  a  ruptured  ana  eroded  anti- 
clinal. He  gives  also,  Plate  8,  fig.  7,  a  rough  and  unsatisfactory 
section  of  "High  Eock,"  situated  opposite  Ehinebeck,  between 
the  junction  of  the  WallkUl  and  the  Hudson.  In  this  section 
the  Lower  Helderberg  limestones  are  represented  in  an  almost 
erect  position,  resting  unconformably  upon  Hudson  Eiver  grits. 

Mr.  J.  G.  Lindsley,  the  agent  of  the  Cement  Co.  at  Eondout, 
read  an  interesting  paperf  before  the  Poughkeepsie  Society  of 
Natural  Science  on  Feb.  26,  1879,  which  contains  the  results  of 
local  studies  for  which  he  has  had  excellent  opportunities. 

In  the  summer  of  1878,  T  made  several  hasty  visits  to  the 
highly  instructive  locality  at  Eondout,  and  obtained  the  follow- 
ing data,  some  of  which,  as  well  as  the  inferences  from  them, 
are  not  given  in  Mr.  Lindsley's  paper.    The  southeast  base  of 

♦Nat.  HiBt  of  N.  Y.,  Part  IT,  G«ology,  by  W.  W.  Mather.    PL  7,  fig.  9,  1843. 
f  "  A  Study  of  the  Rocks,"  by  James  G.  Lindsley,  in  the  forthcoming  Part  I, 
ToL  ii,  of  Proceedings  of  the  Poughkeepsie  Society  of  Natural  Science. 


Digitized  by 


Google 


294  T.  N.  Dale,  Jr.— The  Fault  at  RondouL 

the  hill  consists  of  grit  dipping  east-northeast  at  an  angle  of 
about  45^  These  grits  form  part  of  the  series  of  clay-slates 
and  grits  of  the  Hudson  River  group.*  Unconformably  resting 
upon  these  grits  is  a  series  of  limestones,  dipping  at  about  the 
same  angle,  but  toward  the  northwest  The  grits  are  non-fos- 
siliferous  at  this  point  The  limestones  are  abundantly  fossil- 
iferous.  T  am  indebted  to  Mr.  Lindsley  for  the  following 
measurements  of  the  latter. 

Beginning  above :  No.  9,  20  feet  or  more,  Upper  Pentamerus 
limestone.  No.  8,  20  feet,  Encrinal  limestone.  No.  7,  15-20 
feet,  Delthyris  limestone.  No.  6,  20  feet  Lower  Pentamerus 
limestone  with  chert,  Pentamerus  galeatus,  Crinoids.  No.  5,  6 
feet,  Ribbon  limestone  with  Stromaiopora  concentrica.  No.  4, 
15  feet,  Tentaculite  limestone  with  Tentaculites  irregularis^  Le- 
perditia  alta.  No.  S,  4  feet,  limestone  with  prismatic  mud 
cracks.  No.  2,  30  feet.  Water-lime  with  Leperaitia  alia.  No. 
1,  6  feet,  Encrinal  limestone.  Whatever  may  be  thought  as  to 
the  presence  in  No.  1  and  2  of  Niagara  beds,  we  certainly  have 
to  do  with  Lower  Helderberg  in  part  of  No.  2  and  in  No.  3  and 
4.  The  relative  position  of  the  rocks  is  shown  in  the  accom- 
panying sections.  For  Section  No.  8,  I  am  indebted  to  Mr. 
Lindsley.  The  excavations  represented  in  figure  1  were  miade 
in  quarrying,  the  rock  being  a  hydraulic  limestone  or  "  cement 
rock." 

1.  2.  3. 


Figs.  1  to  3.  Lower  Helderberg  beds  resting  miconformablj  on  the  Hudson 
River  group  (fine-lined  portion  in  the  figures) ;  in  figs.  1  and  2,  dip  of  L.  H.  north- 
west, of  H.  B.  east-northeast 

It  has  been  supposed,  I  believe  by  Sir  William  Logan,  that 
the  great  fault  which  begins  near  Quebec,  crosses  the  Hudson 
near  Ehinebeck,  and  there  separates  the  Quebec  from  the  true 
Hudson  River  bedaf  It  would  appear  that  this  is  erroneous 
and  that  the  facts  of  the  case  at  these  localities  are  simply  these. 
At  the  close  of  the  Hudson  River  Period,  the  Lower  Silurian  beds 
were  powerfully  folded  and  metamorphosed.  A  period  of  up- 
lift and  erosion  followed ;  then  a  depression  and  the  deposition 

♦See  this  Journal,  III,  vol.  xvii,  1879,  page  57,  '^On  the  Age  of  the  Clay-slates 
and  Grits  of  Poughkeepsie."  by  T.  Nelson  Dale.  Jr. 
f  Dana,  Manual  of  Geology,  page  184,  2d  edition,  1876. 


Digitized  by 


Google 


&  L.  Penfield — Chemical  Composition  of  Amhlygonite.     296 

of  the  Upper  Silurian  seriea  At  some  later  time,  probably  at 
the  period  of  the  Appalachian  revolution,  the  whole  series,  i.  e. 
the  Hudson  Eiver  and  Lower  Helderberg  formations,  were 
uplifted,  folded,  fractured,  faulted  and  tilted. 

The  complicated  stratification  of  Section  8,  may  perhaps  be 
accounted  lor  as  follows.  First,  unconformable  deposition  of 
Lower  Helderberg  upon  Hudson  River  beds ;  then  the  formation 
of  an  anticlinal,  and  at  the  same  time,  closely  adjoining  it,  a 
treble  fold.  The  folds  by  the  continued  pressure  were  broken 
off  from  the  anticlinal  and  thrown  into  an  erect  position.  The 
same  force  has  also  compressed  the  lowest  fola  between  the 
edges  of  the  anticlinal  on  one  side,  and  the  surface  of  other 
Lower  Helderberg  strata  on  the  other.  The  uppermost  layers 
of  this  fold  were  by  this  action  ruptured.  This  is  not  shown  in 
the  cut  As  the  upper  portion  of  the  base  of  the  hill  has  been 
quarried  away,  the  segments  of  three  folds  are  now  in  view, 
one  above  another.  The  thickness  of  the  contorted  strata  has 
been  much  reduced  by  pressure 


Abt.  XITYTX'. — On  the  Chemical  Composition  of  Amhlygonite; 
by  Samuel  L.  Penfikld. 

Thb  new  mineral  species  triploidite  described  by  Messrs. 
Brush  and  Dana*  is  shown  by  them  to  be  isomorphous  with 
wagnerite  and  closely  related  m  composition  to  triplite.  These 
three  minerals  have  respectively  the  formulas  (Mn,Fe),  P,0,+ 
(Mn,Fe)  (OH),,  Mg,  P.O.+MgF.  and  (Fe,Mn),  P.O.+(Fe,Mn)  F.. 
From  a  comparison  of  these  formulas  it  is  argued  (1.  c.,  p.  46) 
that  the  relation  between  the  minerals  requires  the  assumption 
that  the  hydroxyl  in  triploidite  must  play  the  same  part  as  the 
fluorine  in  the  other  two. 

In  this  paper  I  wish  to  show  that  in  amhlygonite  the 
hydroxyl  group  is  also  isomorphous  with  fluorine,  and  that  in 
chemical  composition  the  original  amhlygonite  does  not  diflfer 
from  the  American  and  Montebras  varieties  which  have  been 
called  hebronite.  I  shall  also  show  that  the  results  of  my 
analyses  require  the  adoption  of  a  new  formula  for  the  mineral, 
more  simple  than  that  previously  accepted.  For  analysis  I 
have  selected  specimens  from  the  three  localities  in  Maine, 
from  Branchville,  Connecticut,  where  the  mineral  has  been 
lately  discovered  by  Messrs.  Brush  and  Dana,  also  two  varieties 
from  Montebras  and  one  from  Penig,  Saxony,  from  a  specimen 
in  the  Yale  College  collection. 

The  analyses  are  arranged  so  as  to  form  a  series,  beginning 
with  the  one  which  contains  the  smallest  amount  of  water. 
*  This  Journal,  HI,  xvi,  42,  July,  1878. 
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L  Peniff^  Saxony. 

L 

XL 

Mean. 

Relative  nnmber  of  atoma 

P.O.       48-35 
Al,0,     33-50 

48-13 

48-24 

P       ^678             1- 

33-60 

33-55 

Al     -651               -96 

Li,0         8-97 
Na.O       2-06 

8-97 
2-03 

8-97 
2-04 

Li     -598)   ^^^    .^^ 
Na    -066  r^^*     ^^ 

Mn,0,       -12 

•15 

•13 

H,0                 1-75 
F                     11-26 

1-75 
11-26 

OH  •104)^,.^..^ 
F      ^592  \  ^®^  ^  ^^ 

105-94 

0  equivalent  of  F 

4-74 

101-20 

IL  Moiitebras^  France^  variety  A.    G.=:8-088. 

L 

n. 

Mean. 

P.O.      47-10 
ALO,     33-20 

47-07 

47-09 

P       -664             1- 

33-25 

33-22 

Al     -646               -97 

Li,0        7-93 

7-90 

7-92 

Li      -528 

Na.O       8-48 

.... 

3-48 

Na    -112     -649    -98 

CaO           -25 

•24 

•24 

Ca     -009 

H,0         2-25 

2-29 

2-27 

OH  -252)  ..^-.^ 
F      -523  \  ^^^  ^  ^^ 

F            10-00 

9-86 

9-93 

104-15 

0  equivalent  of  F 

4-02 

100-13 

in. 

Atiburnj  Maine. 

a=8-069. 

L 

n. 

Mean. 

Relative  number  of  atoms. 

P.O.       48-56 
Al,0,     33-67 

48-40 

48-48 

P       -683             1- 

33-90 

33-78 

Al     -656               -96 

Li,0         9-49 

9-42 

9-46 

Li      -630 

•662    -97 

Na.O         -96 
H,0         8-61 
F              6-26 

1-02 

•99 

Na    -082 

3-52 
6-15 

3^57 
6-20 

OH    -396 
F       -326 

-722  1-06 

102-48 

0  equivalent  ofF 

2-61 

99-87 

IV. 

Hebron^  Maine^  i 

variety  A. 

Relative  number  of  atoms. 

P.O.    By  difference  [48-531 

P     -682               1- 

a\.(5. 

34-12 

Al  -662                -97 

Li,0 

Na.O 

^-54 
•34 

Li   •636] 
Na-010 
OH-493 
F    -276 

.  -646     -95 

5«^ 

F 

^•44 
524 

••' 

r69  1-13 

This  sample  was  accidentally  lost  before  a  phosphoric  acid 
determination  was  made.  It  is  inserted  because  it  is  regarded 
as  a  good  analysis  and  it  varies  somewhat  from  the  other  sam- 
ple from  Hebron  which  was  obtained  to  replace  it. 
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V.  Paris,  Maine.    G.=3-036. 
L  n.  Mean.         Relative  number  of  atoms. 

PO        48-28         48-35         48-31         P     -680  1' 

A1,0,     33-87         33-50         33-68         Al    -654  '96 

Li,0         9-83  9-80  9-82         Li    •664  )  .^^^     .^^ 


48-28 

48-35 

33-87 

33-50 

9-83 

9-80 

•43 

•24 

•03 

•  •  • 

4-96 

4-82 

4-82 

4-82 

797  1-17 


Na  O          ^43             ^24             ^34  Na  -010 
K,0            -03            ...             -03 

H,0          4-96           4-82           4^89  OH -543 

F               4-82           4-82           4-82  F     -254  ^ 

101-89 
O  equivalent  of  F  2-03 

99-86 

VL  Hebron,  Maine,  variety  B.    G.=:3-032. 

I.                IL            Mean.  Relatiye  number  of  atoms. 

PO,      47-44         47-44         47*44  P     -668              1- 

A1,0,     33^79         34-01         33-90  Al    -668                '98 

Li,0        ....           9-24           9-24  Li    -616  )  .^qq     .qk 

Na.O       ....             -66             -66  Na   022  f  ®^^      ^^ 

H,0          5-00           5-10           5-06  OH-661  [.j..^   -  „^ 

F              5-53           5-36           5-45  F     -287  J   ^*^  ^  ^^ 

101-74 
O  equivalent  of  F  2-29 

99-45 

Vn.  JSranchviUe,  Connecticut.    G.=3'032. 

I.                II.            Mean.  Belative  number  of  atoms. 

PO,       48-80         48-81         48-80  P      '686               1* 

ALO.                      34-26         34-26  Al    -665                 97 


Li,0         9-69  9-90  9-80         Li    -653  ,  .^^^     .^^ 


Na,0         -16  -24  -19         Na  -006  ) 

Fe,0,         -29  -29  ^29 


MnO,        -10  -10  •lO 

H,0  5-93  5-90  5-91         OH -658), 

F  1-75  1-76  1-75         F     -092  J 


101-10 
O  equivalent  of  F  -74 

100-36 

Vni.  Mimtehras,  France,  variety  B.    G.=3'007. 

L  n.  Mean.  Relative  ntmiber  of  atoms. 

PO        48-31         48-38         4834  P     '681  1- 

Al,0,      33-73         33-38         83-66  Al   -651  -96 

Li,0         9-63  9-60  9-62  Li    '634 

Na  O  -34  -33  -33  Na  -010  \  -654     -96 

CaO  -40  -30  -35  Ca 


OH -734  ) 
F     -092  J 


•010 
H,0  6-61  6-61  6-61         OH -734 

F  1-76  1-74  1-76 

100^45 
O  equivalent  of  F  ^ 

"99^1 


826  1-21 
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p 

Al 

I 
B 

(OH,F) 

1-00 

•96 

•98 

1-16 

1-00 

•97 

•98 

M7 

1-00 

•96 

•97 

1-06 

1-00 

•97 

•95 

1-13 

1-00 

•96 

•97 

1-17 

1-00 

•98 

•96 

1-27 

100 

•97 

•96 

1-09 

1-00 

•96 

•96 

1-21 
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For  more  easy  comparison  the  ratios  from  the  above  analyses 

I 
are  collected  in  the  following  table  by  themselves,  where  B 
equals  Li  and  Na. 

L  Penig,  Saxonv  

II.  Montebras,  France,  A  1  '00 

m.  Auburn,  Maine 

IV.  Hebron,  Maine,  A 

V.  Paris,  Maine 

VI.  Hebron,  Maine,  B 
VIL  Branchville,  Conn. 
VIU.  Montebras,  France,  B 

It  will  be  seen  that  all  of  these  approach  closely  to  the  ratio 
1:1:1:1,  hence  I  propose  the  formula  A1,P,0,+2R  (OH,  F) 

^^  2R,Pof '}  +  m*(OH,'F)^*  ^  ^^®  *^^®  ^^^""^^  *^^  ^ 
varieties  of  tnis  mineraL 

DesCloizeaux,  from  a  difference  in  optical  characters  made 
out  by  him,  has  divided  the  mineral  into  two  species:  the 
original  amblygonite,  including  I  and  11  in  the  above  list;  and 
a  second  species  for  which  he  proposed  the  name  montArasiie 
(hebronite  of  von  Kobell),  including  analyses  HE  to  VHI 
above.  The  mineral  from  Branchville  has  not  been  examined 
optically  and  the  material  is  very  unfavorable  for  such  aa 
examination.  Owing  to  the  close  identity  in  chemical  compo- 
sition it  seems  that  a  slight  variation  in  optical  properties  is 
hardly  sufficient  ground  for  dividing  the  mineral  into  two 
species,  but  on  the  contrary  I  think  that  the  old  name  ambly- 
^onite  should  be  retained,  and  that  all  varieties  should  be 
included  by  it. 

It  will  be  seen  in  comparing  the  above  ratios  that  in  every 
case  the  ratio  of  P  to  (OH,  F)  is  in  excess  of  that  of  the  Al  to 
R  Two  theories  suggest  themselves  to  account  for  this,  the 
first  of  which  seems  tne  most  plausible.  First:  most  minerals 
which  are  ordinarily  regarded  as  anhydrous  contain  a  small 
amount  of  water,  wnich  is  not  calculated  in  the  ratios,  and 
which  is  not  regarded  as  essential  to  the  composition.  Now  if 
these  minerals  contain  a  small  quantity  of  such  accidental 
water,  it  will  bring  up  the  ratios  very  considerably,  owing  to 
the  small  molecular  weight  of  water,  and  if  the  slight  variation 
between  P,  Al  and  E  be  regarded  as  due  to  error  of  analysis  the 
excess  of  (OH,  F)  would  be  easily  accounted  for.  Second :  if 
we  regard  the  difference  between  P,  Al  and  E  as  not  due  to 
error  of  analysis,  and  the  fact  that  the  variation  in  all  is  so 
constant  suggests  this,  and  regard  enough  of  the  water  basic  so 
that  when  added  to  the  Al  and  E  it  will  make  the  ratio  with  P 
equal  1:1:1,  then  the  ratio  of  (OH,  F)  will  be:  Penig,  1-02; 
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Montebras,  A,  1-06 :  Auburn,  0-91;  Hebron,  A,  0*99 ;  Paris,  1*02; 
Hebron,  B,  1-18 ;  Branchville,  0*97 ;  Montebras,  B,  1-05.  This 
relation  seems  rather  striking,  and  although  it  is  not  as  simple 
as  we  should  like  to  have  it,  or  perhaps  as  plausible  as  the  first 
theory,  yet  it  may  possibly  be  tne  correct  one.  Whichever  of 
these  explanations  is  accepted,  it  will  not  materially  alter  the 
formula  above  tnade  out  for  the  minerals,  the  variation  from 
which  is  too  slight  and  not  constant  enough  to  be  expressed  by 
any  different  formula.  It  will  be  seen  from  analyses  I  and  U 
that  water  is  found  in  the  Penig  and  Montebras  varieties  which 
have  been  regarded  as  anhydrous  by  some  analysts.  This  may 
have  been  overlooked,  and  it  is  worth  noting  that  in  Plattner  s 
Blowpipe  Analysis  the  statement  is  made,  of  the  Penig  mi/ieral, 
that  water  is  expelled  by  heating  in  a  closed  tube.  It  will  also 
be  seen  that  these  analyses  differ  from  the  older  ones  in  that 
they  are  lower  in  alumina  and  higher  in  alkalies.  I  have 
thought  it  best  to  give  my  method  of  analysis  in  full,  which 
may  account  for  some  of  the  variationa 

Method  of  Analysis. 

Water  was  determined  by  ignition  with  oxide  of  lead  in  a 
porcelain  crucible;  it  is  completely  driven  off  only  by  strong 
Ignition,  and  it  was  found  necessary  to  fuse  the  contents  of  the 
crucible  over  tne  blast  lamp  before  constant  results  could  be 
obtained.  Fluorine  was  determined  by  decomposing  a  mixture 
of  the  mineral  and  powdered  quartz  with  sulphuric  acid,  con- 
verting the  silicon  fluoride  formed  into  hydroQuosilicic  acid, 
precipitating  the  hydrofluosilicic  acid  with  potassium  chloride 
and  titrating  the  liberated  hydrochloric  acid  with  a  standard 
alkali  solution.*  The  varieties  from  Penig  and  Montebras  are 
decomposed  only  by  prolonged  action  of  sulphuric  acid.  Phos- 
phoric acid  was  determined  by  fusing  the  mineral  with  sodium 
carbonate,  boiling  out  the  fused  mass  with  water  and  dilute 
nitric  acid,  nearly  neutralizing  the  excess  of  acid  with  ammonia, 
precipitating  with  molybdic  solution  and  then  proceeding  in  the 
usual  way. 

To  determine  the  bases,  one  gram  was  weighed  into  a  large 
platinum  crucible,  mixed  into  a  paste  with  from  two  to  three 
cubic  centimeters  of  sulphuric  acid,  and  heated,  with  the  cruci- 
ble covered,  over  a  low  gas  flame  till  not  over  a  cubic  centime- 
ter of  sulphuric  acid  remained.  The  contents  of  the  cruiible 
were  then  rinsed  into  a  platinum  evaporating  dish  and  treated 
with  a  quantity  of  strong  hydrochloric  acid ;  after  heating  and 
concentrating  a  clear  solution  was  obtained.  The  excess  of 
acid  being  removed  by  evaporation,  the  contents  of  the  dish 
were  rinsed  into  a  beaker,  filtered  where  necessary,  the 
*  See  Bemsen'B  American  Ohemical  Journal,  vol.  i,  No.  1. 
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undissolved  portion  after  incinerating  the  filter  paper  was 
treated  with  hydrofluoric  acid,  then  with  a  drop  of  sulphurw 
acid;  the  hydrofluoric  acid  expelled  by  evaporation  and  the 
solution  added  to  the  other  solution  of  the  bases.  To  obtain 
the  bases  as  chlorides  the  stdphuric  acid  was  precipitated  from 
the  solution  with  barium  chloride,  and  the  barium  sulphate 
filtered  off.  The  solution  was  then  heated  to  boiling  and  a  hot 
solution  of  barium  hydroxide  added ;  this  precipitated  all  the 
phosphoric  acid  and  part  of  the  alumina.  The  solution  con- 
tained all  the  lithia  and  most  of  the  alumina  which  went  into 
solution  in  the  excess  of  barium  hydroxide.  After  filtering 
and  washing  the  precipitate  it  was  dissolved  in  hydrochloric 
acid,  the  excess  expelled  by  evaporation;  the  residue  taken 
up  in  a  few  drops  of  hydrochloric  acid  and  water  and  poured 
when  hot  into  a  boiling  solution  of  sodium  hydroxide  and  a 
little  barium  hydroxide  in  a  platinum  dish ;  this  again  precipi- 
tated all  the  phosphoric  acid  while  the  alumina  went  into  solu- 
tion in  the  alkaline  hydroxides.  After  filtering,  the  filtrate  was 
acidified  with  hydrochloric  acid,  the  barium  precipitated  with 
sulphuric  acid,  and  the  alumina  precipitated  with  ammonia. 
The  alumina  found  at  this  point  amounted  usually  to  about 
one-half  per  cent  The  insoluble  barium  phosphate  containing 
also  traces  of  iron,  manganese,  and  calcium  was  dissolved  in 
hydrochloric  acid,  the  barium  precipitated  with  sulphuric  acid, 
filtered  and  the  filtrate  made  alkaline  with  ammonia ;  this  pre- 
cipitated any  iron,  manganese  or  calcium  as  phosphate  which 
was  filtered  off  and  examined  separately.  It  was  intended  at 
this  point  to  determine  the  phospnoric  acid  by  direct  precipita- 
tion with  magnesia  mixture,  but  the  results  coming  out  too  low 
an  examination  of  all  the  barium  sulphate  precipitates  showed 
that  a  quantity  of  the  phosphoric  acid  had  been  precipitated 
along  with  the  barium  sulphate.  The  first  filtrate  fix)m  the 
barium  hydroxide  precipitate  contained,  free  from  phosphoric 
acid,  all  the  lithia,  the  larger  part  of  the  alumina,  and  the 
excess  of  barium.  It  was  neated  to  boiling  and  ammonium 
carbonate  added ;  this  precipitated  the  barium  and  aluminium 
and  left  the  lithia  in  solution.  The  precipitate  was  washed 
first  by  deoantation,  then  with  hot  water  on  the  filter  pump ;  it 
was  not  considered  free  from  lithia,  however,  as  it  is  practically 
impossible  to  wash  a  large  barium  carbonate  precipitate  free 
from  lithia.  The  filtrate  was  evaporated  to  dryness,  the  ammo- 
nia salts  expelled  by  ignition,  traces  of  barium  separated  a  sec- 
ond or  third  time  when  necessary,  evaporatea  to  dryness 
again,  lithia  separated  from  soda  and  potash  by  means  of 
absolute  alcohol  and  ether,  the  lithia  weighed  as  sulphate  and 
the  soda  and  potash  as  chlorides.  The  chlorides  were  tested 
carefully  for  pMDtash  by  evaporating  with  excess  of  platinum 
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chloride  and  taking  up  in  alcohol.  The  precipitate  produced 
by  ammonium  carbonate  was  dissolved  in  hyarochloric  acid, 
the  barium  precipitated  with  sulphuric  acid,  filtered  and  alum- 
ina precipitated  in  the  filtrate  with  ammonia,  the  precipitate 
was  washed  with  hot  water,  ignited  finally  over  the  blast  lamp 
to  expel  sulphuric  acid  and  weighed  as  oxide.  The  filtrate 
from  the  alumina  was  regarded  as  containing  a  trace  of  lithia 
which  had  been  retained  by  the  barium  carbonate  precipitate, 
it  was  evaporated  to  dryness,  the  ammonia  salts  expelled  by 
ignition,  taken  up  in  water,  filtered  into  a  weighed  crucible, 
evaporated  to  dryness  and  weighed,  the  lithia  found  amounted 
to  from  one-quarter  to  one  per  cent 

The  solutions  were  kept  as  far  as  possible  from  all  contact 
with  glass,  the  evaporations  being  earned  on  in  large  platinum 
dishes.  The  reagents  were  carefully  selected  and  purified. 
Sodium  hydroxide  free  from  aluminium  and  silica  was  obtained, 
prepared  from  metallic  sodium.  Owing  to  the  limited  amount 
of  material  from  Penig  only  three-quarters  of  a  gram  was  used 
in  the  determinations,  and  duplicates  of  the  water  and  fluorine 
determination  were  not  obtained.  For  the  occurrence  and 
associations  of  amblygonite  at  Branch ville,  Connecticut,  see  the 
papers  by  Messrs.  Brush  and  Dana.* 

in  closing  I  wish  to  acknowledge  my  indebtedness  to  Pro- 
fessor Giso.  J.  Brush,  who  has  most  liberally  furnished  me  vnith 
the  material  needed  for  this  examination. 

Sheffield  Laboratory,  Jane  18, 18*79. 


Abt.  XL. — On  the  Superposition  of  Qla/iial  Drifi  upon  Resid- 
uary Clays  ;  by  W.  J.  MoGee. 

The  accompanying  actual  section  is  exposed  in  a  cut -on 
the  Delaware  &  St  raul  Kailroad,  a  mile  north  of  Delaware, 
Delaware  County,  Iowa.    No.  1  is  glacial  drift,  somewhat  light 


and  sandy,  but  containing  erratics  and  continuous  with  the 

mantle  of  "ground  moraine  "  deposits  covering  the  greater  por- 

*  This  Journal,  July  and  August,  1878,  and  May,  1879. 
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tion  of  the  State.  A  few  fragments  of  chert  from  the  under- 
lying Niagara  Limestone  are  scattered  through  the  deposit. 
Its  thickness  in  diis  section  varies  from  one  to  three  feet,  but 
in  the  southeasterly  end  of  the  same  cut  it  is  considerably 
thicker.  No.  2  is  red  clay  with  nodules  of  chert,  but  without 
sand  or  erratics.  In  no  respect  is  it  distinguishable  fix)m  the 
residuary  clays  of  the  Wisconsin  driftless  region  fifty  miles  to 
the  eastward.  Three  unusually  regular  and  uniform  layers  of 
chert  are  exposed,  yet  remaining  in  situ  through  the  greater 
part  of  the  length  of  the  cut  They  are  represented  at  a,  6,  and 
c.  To  the  northwesterly  end  of  the  cut,  however,  they  are  con- 
torted as  represented,  evidently  hy  glacial  action.  Still  greater 
contortion  is  exhibited  in  the  lines  of  original  stratification 
which  can  occasionally  be  detected  in  the  enveloping  clay. 
These  contortions  must  have  strongly  disturbed  and  corrugated 
the  adjacent  surfaces ;  but  all  trace  of  this  was  subsequently- 
removed  by  the  glacier. 

Though  these  members  are  so  diverse  in  character,  there  is 
no  well-defined  plane  of  contact  between  them,  nor  is  the  surface 
of  No.  2  in  any  place,  so  far  as  observed,  smoothed  or  striated. 

The  direction  of  glacial  motion  here,  as  determined  by  the 
position  of  neighboring  asar,  was  S.  50°  or  55°  E.  The  elevation 
of  the  section  is  540  feet  above  the  Mississippi  at  Dubuque. 

Several  analogous  sections  have  been  exposed  in  excavating 
wells  two  miles  north  of  Parley,  Dubuque  County,  Iowa,  and 
in  a  cut  on  the  Dubuque  &  Southwestern  Bailroad,  half  a  mile 
southwest  of  the  same  place.  Here,  however,  the  drift  is 
thicker  and  more  compact  than  in  the  Delaware  section,  and 
contains  a  greater  numoer  of  erratics ;  and  many  silicified  Ni- 
agara fossils  are  found  in  the  residuary  clay,  both  free  and  im- 
bedded in  the  nodules  of  chert.  Aside  from  the  thickness  of 
the  overlying  beds  of  glacial  drift  we  have  here  no  positive 
evidence,  such  as  is  afforded  by  the  Delaware  section,  that  the 
residuary  clay  may  not  have  been  formed  since  the  glacial 
period.  Its  surface  has  not  been  found  to  be  either  smoothed 
or  furrowed. 

Near  Rockford,  Floyd  County,  Iowa,  there  is  an  extensive 
exposure  of  the  upper  beds  or  the  Hamilton  Limestone  and 
Shales*  here  consisting  of  stiff  blue  and  buff  clays.  It  is  the 
opinion  of  Prof.  Calvin,  of  the  Iowa  State  University,  who  has 
studied  the  formation  at  many  exposures,  that  these  clays  were 
never  much  more  firmly  indurated  than  at  present 

A  section  here  exposed  is  as  follows : — 

1.  Drift,  with  lar^e  bowlders, 1  to  4  feet. 

2.  Clays  of  the  Hamilton  shales,  about 60  feet. 

*  Sometimea  denominated  the  Rockford  shales.  For  the  relations  of  the  forma- 
tion, with  a  description  of  some  of  its  fossils,  see  Prof.  S.  Calvin^s  papers  in  this 
Journal,  vol.  xy,  p.  460,  and  in  Bull  Geol.  and  G^g.  Surv.  Terr.,  voL  iv,  No.  3, 
p.  326. 
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The  ice  here  moved  S.  20*^  or  S0°  B.,  and  must  have  been  of 
immense  thickness,  as  attested  by  the  presence  of  northern 
bowlders  20  to  40  feet  in  diameter  withm  a  few  miles  to  the 
leeward ;  yet  the  subjacent  clays  were  not  seriously  disturbed, 
as  evidenced  by  numerous  absolutely  perfect  fossil  Devonian 
brachiopods  in  the  clay.  The  ice,  too,  must  have  ascended 
oblicjuely  the  steep  slope  of  the  bluflf.  A  ground  and  striated 
specimen  of  Orihvi  Vanuxemij  and  an  u.  lowensis  with  a 
smoothed  plane  surface  on  the  dorsal  valve  picked  up  from  the 
talus  at  the  base  of  the  section,  would  indicate  that  the  surface 
of  the  clays  might  exhibit  glaciation  on  fresh  exposure.  At 
the  time  of  examination  the  section  was  much  weathered. 

In  none  of  these  sections,  nor  in  any  of  the  many  others 
which  might  be  given,  did  space  permit,  are  the  pre-glacial 
clays  more  compact  than  is  the  lower  till  or  blue  clay  found 
immediately  below  the  latest  formed  glacial  drift  over  the 

S eater  part  of  the  State.  It  is  this  later  drift  which  overlies 
e  residuary  and  sedimentary  clays  in  every  instance. 
The  conclusions  which  a  study  of  these  and  similar  sections 
seem  to  justify  may  be  briefly  stated:  (1)  That  residuary 
clays  (and,  by  inference,  other  clays  of  equal  compactness)  were 
passed  over  by  a  thick  ice-sheet  {a)  in  some  instances  without 
removal  or  even  serious  disturbance,  while  (6)  in  other  cases 
they  were  removed,  or  contorted  and  broken  up,  just  as  the 
lower  till  and  associated  deposits  have  been  found  to  be  on 
both  sides  of  the  Atlantic  ;*  and  (2)  that  the  plane  of  contact 
between  glacial  drift  and  subjacent  beds  of  residuary  clay  (and, 
by  inference,  other  clavs  of  similar  consistency)  is  not  necessa- 
rily clearly  defined — ^the  materials  so  intermingling  as  to  form 
a  thin  intermediate  stratum  of  composite  character.  Analogy 
with  the  many  recorded  instances  in  which  the  upper  surface 
of  the  lower  till  is  scored  and  smoothedf  and  with  the  "  striated 
pavements  "  of  Hugh  Miller,  would,  however,  seem  to  justify  the 
assumption  that  residuary  clays  may  sometimes  be  smoothed 
and  farrowed. 

Farley,  Iowa,  July  30,  1879. 

*  See  Lyell,  "Student's  Elements,"  1871,  p.  179,  and  Antiq.  Man,  1873, p.  262; 
OpoU,  "Climate  and  Time,"  Am.  Ed.,  p.  466;  G^eikie,  "Great  Ice  Age,"  Am.  Ed., 
pp.  144-5;  Chamberlin,  GeoL  Wis.,  1877,  vol  ii,  p.  219:  Foster  and  Whitney, 
OeoL  Lake  Superior  Dist,  1851,  pt  ii,  p.  246;  Logan,  GeoL  Can.,  1863,  pp.  898, 
902,  906 ;  Reid,  Geol.  Mag.,  voL  vi,  p.  379 ;  LeConte,  this  Journal  vol.  xviii, 
p.  40 ;  Hinde,  Canadian  Journal,  April,  1877  ;  McGee,  Proc.  Am.  Assoc,  1878. 

f  Chamberlin,  loc.  cit,  p.  226;  Lyell,  "  Student's  Elements,"  p.  178 ;  Geikie,  loc. 
cit,  p.  151,  and  also  Trans.  GeoL  Soa  Glasgow,  1863,  voL  i,  pt.  il  p.  68,  and 
"Gladal  Drift  of  Scotland,"  p.  67 ;  Read,  GeoL  Ohio,  1878,  voL  iii,  pt.  i,  p.  312 ; 
Hinde,  loc  dt.  (striated  pavements  also  occur  near  Toronto  and  are  here  de- 
scribed) ;  Dawson,  dted  by  Logan,  loc.  dt.,  p.  919 ;  Reid,  loc.  dt. ;  Chambers', 
Edin.  New  Phil.  Jour.,  voL  liv,  p.  272;  and  Smith,  "Newer  Pliocene  Geology," 
p.  129.    The  last  two  authorities  are  dted  by  Croll,  loc  cit,  p.  256. 
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SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.   On  the   Tfmry  of  Fractional  Distillation. — ^Thobpb  has 
siveD  a  striking  instanoe  of  the  general  law  announced  by  Wank- 
Ivn  and  confirmed  by  Carey  Lea  and  Berthelot,  that  when  two 
liquids  of  different  boiling  points  are  mixed  together  in  equal 
quantities  by  weight,  and  subjected  to  distillation,  the  quantity  of 
each  constituent  m  the  distillate  is  proportional  to  the  product  of 
its  yapor-density  and  yapor-tension  at  the  temperature  of  ebulli- 
tion of  the  mixture ;   and  hence  that  when  the  yapor-tensions  of 
the  two  liquids  are  inyersely  proportional  to  their  yapor-densities, 
the  liquid  will  distill  unchanged.    Berthelot,  for  example,  observed 
that  a  mixture  of  90*9  parts  carbon  disulphide,  boilmg  at  46*6^, 
yapor-density  88,  and  9*1  parts  ethyl  alcohol  boiling  at  78*4,  yapor- 
density  28,  behayed  on  distillation  like  a  homogeneous  liquid; 
the  ratios  obtained  by  multiplying  the  yapor-tensions  and  densi- 
ties being  88*5  and  II '5.    Tnorpe's  results  were  obtained  with  a 
mixture  of  equal  volumes  carbon  tetrachloride,  boiling  point  76*6% 
yapor-density  76*7,  and  methyl  alcohol,  boiling  point  66*2**,  vapoi^ 
density  15*97;   and  he  noticed  that  46*5  per  cent  of  the  wnole 
boiled  constantly  between  55*6**  and  55*9  ,  or  nearly  10°  lower 
than  the  boiling  point  of  the  most  volatile  constituent     By  vapor 
density  determinations,  the  composition  of  the  mixture  by  weight 
was  found  to  be  78*1  CCl^  and  21*9  CH^O ;  a  ratio  almost  identical 
with  that  obtained  by  multiplying  the  vapor-tensions  of  the  two 
Uquids  at  the  temperature  of  the  boiling  point  of  the  fractions 
(55*7*')  by  their  respectiye  vapor  densitiea    Hence  a  mixture  of  1 
part  methyl  alcohol  and  8*6  parts  carbon  tetrachloride,  boils  like 
a  homogeneous  liquid  at  about  10^  lower  than  the  boiling  point 
of  the  methyl  alcohol,  the  more  volatile  of  the  two  liqui&    On 
continuing  the  distillation  of  the  liquid  remaining  in  the  flask,  the 
seyeral  fractions  gave  numbers  showing  clearly  that  the  CCl^, 


although  havinfi^  the  higher  boiling  point,  passed  oyer  in  largest 
quantity  in  the  first  fractions,  the  quantity  of  pure  methyl  alcohol 
increasing  as  the  temperature  rises.  Thorpe  suggests,  as  a  lecture- 
experiment  to  show  the  effect  of  such  a  mixture,  that  into  one  of 
three  barometer  tubes  over  mercurv,  a  few  drops  of  methyl  alco- 
hol be  put,  an  equal  quantity  of  carbon  tetrachloride  being  placed 
in  the  second,  and  a  mixture  of  the  two  in  the  proportion  or  8  c.a 
of  CH^O  and  5  cc.  of  CCl^  in  the  third*  In  the  first  tube  the  mer- 
cury will  be  depressed  about  80  mm.  and  in  the  second  70  mm. ; 
while  in  the  third  the  depression  will  be  130  mm.— J.  Chem.  Soc^ 
XXXV,  544,  Aug.  1879.  G.  P.  b. 

2.  On  the  /Solidifying  point  of  Bromine. — Because  of  the 
widely  differing  values  given  for  the  point  at  which  bromine  solid- 
ifies, Philipp,  at  the  suggestion  ot  Rammelsberg,  has  under- 
taken to  redetermine  it.    In  oider  to  purify  the  bromine,  it  was 
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dissolved  in  canstic  baryta  water,  the  washed  barinm  bromate 
converted  into  bromide  by  ignition,  and  this  distilled  with  sulphu- 
ric acid  and  potassium  dichromate.  The  distillate  was  washed 
and  dried ;  a  part  by  agitation  with  concentrated  sulphuric  acid 
and  distillation  and  a  part  by  distillation  from  calcium  chloride. 
Thus  purified,  the  bromine  solidified  between  —  7*2°  and  —  7*3**, 
phenomena  of  surfusion  not  being  noticed.  This  result  corresponds 
with  that  obtained  bv  Regnault  —  7*32**.  The  non-purified  bro- 
mine solidified  at  —  9*  to  — 10**.  To  test  the  influence  of  foreign 
admixture,  the  author  made  direct  experiments  and  found  that 
while  2  per  cent  of  iodine  did  not  materially  raise  the  solidifying 
point,  3  or  4  per  cent  of  chlorine  lowered  it  even  to  — 15°.  Solid 
bromine  has  a  brown  color  and  a  conchoidal  fracture;  though 
after  exposure  to  the  air,  it  takes  a  gray  color  recalling  that  of 
iodine,  and  appears  crystalline. — Ber,  JBerL  Chem.  Ges.y  xii,  1424, 
July,  1879.  G.  F.  B. 

3.  On  the  T%ermie  formation  of  Hydrogen  silicide  and  of 
Ethyl  silicate. — Ogier  has  studied,  in  Berthelot's  laboratory,  the 
heat-relations  attending  the  formation  of  hydrogen  silicide  and  of 
ethyl  silicate.  The  hydrogen  silicide  was  prepared  bv  the  action 
of  sodium  on  tribasic  siliciformic  ether,  ana  was  free  from  hydro- 
gen. It  was  burned  with  oxygen  in  the  small  glass  chamber  of  a 
water  calorimeter,  being  ignited  by  a  small  induction  spark.  The 
quantity  of  gas  used  was  determined  from  the  increased  weight 
of  the  chamber  and  of  a  tared  eduction  tube  filled  with  fragments 
of  pumice  moistened  with  sulphuric  acid.  In  this  way  the  heat  of 
combustion  of  one  equivalent  of  SiH^  was  found  to  be  324*3  calo- 
ries. From  this^ince  Si  (cryst.)  +0,  =  +211-1  cal.  and  4(H+0) 
=  +138  caL,  SiH,  +0^  =  Hr324-3  cal.  as  above,  we  have  Si+H, 
=  +24*8  calories.  Hence  in  uniting  Si  and  H^  evolve  24*8  calo- 
ries, a  number  very  near  that  which  the  formation  of  marsh  gas 
gives,  +22.  • 

The  heat  of  formation  of  silicic  ether  was  determined  in  two 
ways:  first,  analytically,  bjr  decomposing  it  by  means  of  a  large 
quantity  of  water,  into  sihcic  acid  and  alcohol,  at  the  ordinary 
temperature :  and  second,  synthetically,  by  forming  it  directly  by 
the  action  of  silicium  chloride  upon  absolute  alcohol.  The  former 
method  gave  +21*6  calories  as  the  heat  evolved  in  the  decompo- 
sition. Taken  with  the  contrary  sign,  it  expresses  the  heat  ab- 
sorbed in  the  formation  of  the  ether  from  the  alcohol  and  silicic 
acid.  Subtracting  from  this  the  heat  corresponding  to  the  solution 
of  the  alcohol  in  water,  there  is  left  — 11*44  calories,  the  true  heat 
of  formation  of  silicic  ether.  The  latter  method  showed  that  the 
heat  evolved  when  one  equivalent  silicon  tetrachloride  acted  on 
26  equivalents  of  alcohol  was  42*3  calories  at  10^  Making  the 
necessary  corrections,  the  heat  of  formation  of  silicic  ether  ob- 
tained in  this  way,  is  — 11*56  calories,  a  close  accordance  with  the 
number  obtained  analytically,  —11*44.  Referred  to  a  single 
equivalent  of  alcohol  instead  of  four,  it  becomes  —2-9. — Bull.  JSoc. 
Chim.yII,  xxxii,  116, 118,  Aug.,  1879.  g.  p.  b. 

Aic  JouB.  Soi.— Third  Sbbibs,  Vol.  XVm,  No.  106.— Oct.,  1879. 
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4.  On  Organic  Ultramarines. — DEFoRCRAXiy  has  succeeded  in 
producing  an  ultramarine  containing  ethyl.  Though  Unger  first 
succeeded  in  replacing  half  of  the  sodium  in  ultramarine  by  silver, 
Heumann  first  produced  an  ultramarine  in  which  this  replacement 
was  complete.  This  yellow  ailver^ultramarine  served  as  the  start- 
ing point  in  the  new  researches.  When  heated,  dry,  with  a 
metallic  or  an  organic  chloride,  silver  chloride  and  a  new  ultra- 
marine result  Silver  ultramarine  was  prepared  by  heating  in 
sealed  tubes  for  15  to  16  hours,  four  or  five  grams  of  blue  ultra- 
marine and  8  or  10  grams  silver  nitrate  in  concentrated  solution. 
A  beautiful  yellow  powder  in  transj^arent  grains  is  thus  obtained, 
which  contains  46  to  47  per  cent  of  silver,  and  has  all  the  prop- 
erties of  an  ultramarine.  From  it  the  blue  ultramarine  may  be 
regenerated  either  by  heating  with  a  strong  solution  of  sodiuoi 
chloride  for  twenty-five  hours,  the  reaction  being  then  limited  by 
the  inverse  one;  or  by  heating  the  two  without  water  to  a  high 
temperature,  in  which  case  the  conversion  is  complete.  If  other 
metallic  chlorides  be  used  in  place  of  sodium  chloride,  a  series  of 
ultramarines  is  obtained  containing  the  metal  used  in  place  of  the 
silver,  there  being  a  definite  temperature  for  each  at  which  its 
formation  is  a  maximuuL  The  potassium  and  rubidium  ultrama- 
rines are  greenish  blue,  that  of  lithium  is  blue,  of  barium  yeUow- 
ish-brown,  of  zinc  violet,  of  magnesium  gray,  etc  Mercuric  chlo- 
ride gives  a  gray  mercury-ultramarine  when  heated  directly  with 
the  blue  sodium  ultramarme.  Heated  with  ethyl  iodide  in  a  sealed 
tube  to  180°  for  from  fifty  to  sixty  hours,  and  repeating  the  ope- 
ration several  times,  silver  ultramarine  is  decomposed,  yielding  a 
clear  gray  powder  with  a  reddish  cast,  which  even  at  100°  evolves 
ethyl  sulphide.  If,  however,  this  powder  be  intimately  mixed 
with  sodium  chloride  before  heating  it,  only  a  trifling  evolution 
of  ethyl  sulphide  takes  place,  and  the  mixture  becomes  blue  owing 
to  the  regeneration  of  sodium  ultramarine.  The  reaction  is  com- 
plete at  the  temperature  at  which  the  sodium  chloride  melts,  the 
ethyl  being  evolved  as  chloride.  That  the  gray  powder  actuidly 
contained  ethyl  was  proved  by  heating  a  gram  of  it  to  redness  in 
a  tube  through  which  an  inert  gas  passed,  the  products  being  col- 
lected in  a  solution  of  mercuric  chloride.  A  white  crystalline 
precipitate  of  (C,H  J,S .  HgCl,  was  formed,  thus  proving  the  gray 
powder  to  be  a  true  ethyl  ultramarine.  Similar  compounds  were 
obtained  with  allyl,  amyl  and  benzyl,  and  with  the  compound 
ammoniums. — Ann.  Vhim.  Phys.^  V,  xvii,  559,  Aug.,  1879. 

G.  p.  B. 

5.  On  the  Synthesis  of  the  Benzene  Ring. — Perhaps  no  hypoth- 
esis in  science  has  been  more  fruitful  of  results  than  the  classic 
one  of  Eekul^  in  relation  to  benzene,  which  supposes  that  its  six 
carbon  atoms  form  a  closed  ring.  Since  the  few  synthetic  meth- 
ods, by  which  this  ring  has  until  now  been  formed,  do  not  decide 
between  this  and  the  so-called  prismatic  arrangement  of  the  ben- 
zene nucleus.  Yon  Richtbb  has  sought  for  and  discovered  a  direct 
synthesis  of  the  benzene  ring  which  strongly  confirms  the  hypoth- 
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esis  of  Eekal&  Exactly  as  monobasic  acids  yield  common  ketones, 
so  the  diabasic  acids  should  give  double  ketones  having  the  car- 
bon atoms  in  a  ring  form.  Thus  from  succinic  acid,  di- ethylene- 
di-ketone  is  formed : 

^COOH  HOOC^  ^00^ 

CH/  ^CH,     H.C'^   ^CH. 

(iH.,        "^        M.  *^''''  H,6^     ^c5h  +  (^^«)« 

^COOH  HOOC/  ^00^ 

+  (H,0),.  The  potassium,  sodium,  magnesium,  calcium  and  lead 
salts  of  succinic  acid  were  submitted  to  distillation  under  various 
conditions.  A  dark  colored  oil  in  greater  or  less  quantity  was 
always  obtained,  having  a  ketone-like  odor,  but  from  which  no 
fractions  of  exact  boiling  point  were  obtainable.  By  distilling 
the  fraction  boiling  between  160°  and  260°  with  zinc  dust,  consid- 
erable benzene  was  obtained.  Moreover  hydroc^uinone  was  con- 
tained in  the  wash  waters  of  the  crude  oily  distillate.  Since  the 
above  di-ketone  yields  both  these  bodies  readily,  C,HgO,=C,H,0 
+  H,  and  C,H,0,-|-Zn,=C.H,+(ZnO),+ri^  it  may  be  considered 
as  proved  that  the  benzene  nucleus  has  the  constitution  assigned 
to  It  by  Kekul6.  Moreover  this  experiment  fixes  hydroquinone 
as  a  para-compound  and  establishes  the  qoinones  as  double 
ketones. — J.  pr,  Ch.^  II,  xx,  205,  Aug.,  1879.  g.  f.  b. 

6.  On  the  Stdpho^hers  of  the  PolycUomic  Alcohols  and  the 
Carbohydrates, — Clabssok  showed,  a  short  time  ago,  that  chlor- 

sulphuric  acid,  SO,  -j  qi  >  ^^^  on  the  monatomio  alcohols  to 

form  mono-  or  di-sulphuric  ethers.  He  has  now  extended  the  reac- 
tion to  the  polyatomic  alcohols  and  has  obtained  from  glycol, 
ethylene  disulphate,  from  glycerin,  glyceryl  trisulphate,  from 
erythrite  and  mannite,  tetra-  and  hexa-sulphates  respectively,  and 
from  dulcite,  a  penta-sulphate.  The  carbohydrates  of  the  glu- 
cose group  give  by  tbis  treatment,  isomeric  compounds  probably 
monochlor-tetrasulphates.  At  least  this  is  the  case  with  dextrose 
whose  derivative  is  crystallizable  and  has  the  composition  CH 
OSO  OH .  (CHOSO,OH), .  CHCl .  CHO.  Cane  sugar,  starch,  etc., 
are  nrst  inverted  and  then  the  above  compounds  are  formed. 
These  polysulphates  of  the  optically  active  alcohols  and  carbohy- 
drates nave  an  increased  rotatory  power  to  the  right.  Milk  sugar 
gives  dextrose  and  galactose.— t/I  ^.  CV*.,  H,  xx,  1,  Aug.,  1879. 

G.  p.  B. 

7.  On  the  Conversion  of  Aurin  into  TVimethylpararosani' 
line, — Dalb  and  Schoblemmeb,  by  acting  on  aurin  with  ammo- 
nia, have  sought  to  obtain  the  intermediate  products  between  this 
substance  and  para-rosaniline.  As  ammonia  gave  so  much  trouble, 
they  tried  methylamine  and  found  that  in  aqueous  solution,  this 
base  acts  readily  on  aurin  at  125°  and  transforms  it  almost 
entirely  into  a  purple  body,  possessing  all  the  properties  of  a  tri- 
methyl-rosaniline :  C,.H,,0,+  (CH,NH;),=cX«(CH,),N;+(H,0),. 
Trimethylamine  acts  similarly,  convertmg  the  aurin  into  purple 
coloring  matters. — J,  Chem.  Soc,^  xxxv,  562,  Aug.,  1879. 

G.   F.   & 
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8.  An  Induction  Balance. — Professor  J.  E.  Hughes  has  lately 
devised  an  iDStrument  which  promises  to  be  of  great  use  in  deter- 
mining the  amount  of  the  constituents  of  alloys.  It  is  based  upon 
the  principle  that  the  induced  current  in  a  secondary  coil  depends 
upon  the  character  and  amount  of  metal  which  forms  the  core  of 
the  primary.  A  portion  of  the  apparatus  Professor  Hughes  calls 
a  sonometer ;  this  consists  merely  of  two  primary  coils  which  are 
placed  with  opposing  poles  about  a  meter  apart  on  a  divided 
scale.  Between  them  slips  a  secondary  coil  which  is  connected 
with  a  telephone.  If  the  primary  coils  are  exactly  equal,  and  are 
traversed  by  the  same  electric  current,  one  will  hear  no  sound 
when  the  secondary  coil  is  exactly  between  the  primary  coils. 
This  point  of  balance  is  called  the  zerb  of  the  sonometer.  The 
circmt  running  through  the  primary  coils  is  provided  with  a 
microphone,  and  a  clock  ticking  upon  the  support  of  the  micro- 
phone supplies  the  necessary  change  of  resistance  in  the  electric 
circuit.  If  the  ejiualitv  of  the  sides  of  the  sonometer  is  disturbed 
bv  the  introduction  of  metals  on  one  side  or  the  other,  the  tele- 
phone announces  the  inequalitj  and  the  secondan^  coil  has  to  be 
moved  nearer  one  primary  coil  than  another.  The  number  of 
degrees  moved  is  a  relative  measure  of  the  difference  of  the 
metals.  The  extreme  sensitiveness  of  this  balance  is  shown  by 
numerous  experiments.  It  is  also  of  use  as  a  coin  detector — any 
difference  in  the  quantitv  or  quality  of  the  metal  being  instantly 
shown.  W.  Chandler  Koberts,  Chemist  of  the  Mint,  has  tested 
Professor  Hughes'  balance,  and  gives  a  number  of  curves  produced 
by  different  alloys,  and  shows  that  the  balance  can  detect  smaller 
quantities  of  metals  in  the  composition  of  alloys  than  the  methods 
hitherto  used.  He  suggests  also  "  that  the  balance  may  afford  a 
simple  means  of  detecting  variations  in  the  molecular  structure 
of  alloys  and  for  detecting  allotropv  in  metals  with  greater  accu- 
racy than  has  hitherto  been  possible." — Phil,  Mag.^  July,  1879, 
p.  60.  J.  T. 

XL  Geology  and  Natural  History. 

1.  Notice  of  Vdlcanic  Phenomena  and  Earthquakee  during 
1878. — The  statistical  review  of  these  phenomena  recently  pub- 
lished by  Professor  C.  W.  C.  Fuchs  shows  the  unusually  large 
number  of  twelve  eruptions  during  the  year:  most  of  which 
occurred  in  remote  localities  and  from  little  known  volcanoes. 
In  Vesuvius  there  was  but  slight  activity,  with  a  small  flow  of 
lava  in  September  and  Noveniber.  On  «ranuary  10,  smoke  was 
seen  from  two  hitherto  unknown  volcanoes  at  the  southern  point 
of  South  America,  On  the  same  day  a  great  eruption  occurred 
in  the  island  of  Tanna,  one  of  the  ifew  Hebrides,  followed  bv  a 
second  outbreak  on  February  4.  Simultaneously  yet  another 
eruption  occurred  in  the  island  of  Birara  in  the  group  of  New 
Britain.  Another  eruption  took  jplace  in  February  from  Uie 
volcano  Isluga  in  South  America  (lat.  19°  10'  S.),  where  several 
villages  were  destroyed  by  the  lava  streams  and  accompanying 
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earthquake.  Other  eruptions  were  from  Mount  Hecla  (March), 
from  the  Asamayama  in  Japan,  from  Cotopaxi  (October),  from 
the  Tepaco,  the  Sitna,  and  tne  Isalco  in  San  Salvador,  from  the 
Tolcanoes  of  the  Aleutian  Islands  and  in  the  Society  Islands. 
Dr.  Fuchs  also  records  the  great  mud  eruption  near  f  atemo  in 
Sicily,  which  began  on  Dec.  10,  and  still  continued  at  the  end  of 
the  year. 

The  number  of  earthquakes  reported  during  1 878  amounts  to 
103.  But  among  these  are  many  complete  earthquake  periods 
during  which  the  shocks  continued  with  short  intervals  for  hours, 
days  or  even  weeks  in  the  same  locality.  If  every  shock  were 
counted  the  total  would  be  many  times  greater. 

The  earthquakes  were  most  frequent  in  winter  and  autumn — 
thirty-nine  occurring  in  winter,  twenty-six  in  autumn,  and  nine- 
teen each  in  summer  and  spring.  The  most  violent  and  destructive 
earthquakes  occurred  on  January  28  in  Peru  and  Bolivia,  and  on 
October  2  in  San  Salvador.  (Also  on  April  12  in  Venezuela. 
This  Journal,  Feb.,  1879,  pp.  158,  169,  161.)  Of  European  earth- 
quakes the  following  deserve  notice.  On  January  28,  about  noon 
an  earthquake  occurred  in  the  northwestern  part  of  France  and 
the  south  of  Fnsland,  particularly  distinct  in  Normandy.  Repeated 
shocks  were  felt  in  northwestern  Switzerland  and  the  southwest 
comer  of  the  Black  Forest  on  January  16,  17  and  March  29. 
Other  instances  of  rei>eated  earthquakes  are  Innsbruck  (Jan.  3, 
10,  11,  Feb.  2,  Aug.  9),  Gross  Geran  (Jan.  2,  March  26),  Lisbon 
(Jan.  26,  27,  June  8),  Constanthiople  and  vicinity  (April  19  to 
end  of  May).  Less  remarkable  for  its  violence  than  for  its  extent 
was  the  Low-Rhenish  earthquake  of  Aug.  26.  The  observations 
in  this  case  were  unusually  exact  and  numerous,  which  sives  addi- 
tional interest.  It  beg^n  about  9  a.  m.,  and  was  best  observed  in 
Cologne.  Here  it  consisted  of  an  undulatory  rising  and  sinking 
of  the  ground,  which  increased  in  intensity  to  an  alarming  extent. 
On  the  cathedral  tower  the  smaller  bell  struck  several  times,  and 
in  many  places  the  houses  showed  cracks.  At  the  end  of  the 
oscillations  a  dull  subterranean  noise  was  heard,  and  a  second 
shock  was  observed  by  many  persons.  At  other  places  the  phe- 
nomena were  similar.  The  area  affected  by  the  first  shock  may 
have  measured  over  2000  geographical  square  miles,  as  its  outlines 
may  be  indicated  as  follows :  Amsberg  and  Hanover  on  the  north, 
Offenbach  on  the  Main  and  Michelstadt  in  the  Odenwald  on  the 
southeast,  Strasburg,  Paris  and  Charelville  in  the  south,  Li^ge 
and  Brussels  in  the  west,  and  Utrecht  in  the  northwest. 

From  collating  the  most  reliable  observations  of  time  Professor 
Klinkerfues  infers  that  the  velocity  of  the  earthquake  in  the 
ground  was  6*78  geographical  miles  per  second,  and  that  its  origin 
was  between  6*3  and  8*7  miles  below  the  surface. 

It  is  remarkable  that  the  phenomenon  was  only  noticed  at  the 
surface  and  was  more  intense  the  higher  the  observer  was  above 
the  ground,  while  miners  working  at  a  depth  of  300  meters  did  not 
feel  It  at  all. 
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A  similar  fact  has  been  noticed  in  regard  to  some  recent  earth- 
quakes in  our  Rocky  Mountain  region,  which,  though  quite  severe 
on  the  surface  were  not  felt  in  the  mines  below. —  Condensed firont. 
Nature^  Aug.  14, 1879.  a  g.  b. 

2.  The  Geology  of  the  Diamantiferoua  Region  of  the  Province 
of  Parand,  Brazil;  by  Oevillb  A.  Deebt,  M.S.  (Proc.  Amer- 
ican Phil.  Soc.,  May  16,  1879.) — ^This  paper  records  the  reaolts  of 
a  recent  trip  by  Mr.  Derby,  to  the  Province  of  Paran&,  in  contin- 
uation of  the  labors  of  the  late  Geological  Commission  in  the  same 
region  ;  and  it  also  eives  us  for  the  first  time  an  accurate  idea  of 
the  relations  of  the  deposits  of  extreme  southern  Brazil  to  those 
of  the  other  parts  of  the  Empire.  The  Province  of  Paran4,  one  of 
the  more  southern  ones  of  brazil,  lies  between  the  provinces  of 
S4o  Paulo  and  Santa  Catharina,  and  reaches  from  the  Atlantic  to 
the  Rio  ParaD&.  In  its  topographical  and  geological  features  it 
resembles,  to  a  certain  extent,  the  two  provinces  which  border  it 
on  the  north  and  south.  The  coast  range  of  mountains,  or  Serra 
do  Mar,  traverses  it  in  a  north-south  direction,  leaving  along  the 
coast  a  low  belt,  from  ten  to  twenty  miles  broad.  The  remamder 
of  the  province  is,  strictly  speaking,  a  plateau,  from  800  to  1000 
meters  high ;  but  Mr.  Derby  divided  the  entire  province  into  two 
distinct  topographical  regions,  a  mountainous  region,  bordering 
the  coast  and  extending  inland  about  100  miles,  and  a  plateau 
region,  occupying  the  central  and  western  parts  of  the  province. 
The  first  region  is  entirely  composed  of  metamorphic  rocks,  highly 
inclined  and  with  a  general  strike  east-northeast.  These,  in  the 
coast  belt,  and  in  the  Serra  do  Mar  proper,  are  mostly  granites 
and  gneisses,  representing  the  Archean  of  Rio  de  Janeiro  and 
northern  Brazil ;  but  further  west  they  consist  principally  of  met- 
amorphic schists,  quartzites,  marbles,  etc.,  and  represent  the 
Lower  Silurian  or  Cambrian  of  Bahia,  Minas  Geraes  and  northern 
Brazil.  A  second  geological  province  extends  from  the  metamor- 
phic westward,  a  hundred  miles  or  more,  forming  the  far-femed 
''  Campos  Geraes,"  and  made  up  of  shales  and  coarse  and  fine 
sandstones.  In  the  shales  of  this  group  at  Ponta  Grossa,  were 
discovered  species  of  Lingvla^  Discina,  Spirifera,  RhynchoneUa^ 
8treptorhynchu8  and  Vittdina,  strongly  resembling,  and  probably 
identical  with,  those  of  the  Devonian  of  the  Amazonas.  Other 
fossils  were  also  obtained.  The  entire  western  part  of  the  prov- 
ince is  apparently  formed  of  a  heavy  bed  or  series  of  beds  of  trap, 
overlying  a  considerable  thickness  of  soft  red  sandstone,  which, 
in  turn,  overlies  the  shales  and  sandstones  of  the  second  region. 
The  rocks  of  the  third  region  resemble  in  a  striking  manner  the 
Triassic  rocks  of  North  America. 

The  diamonds  are  found  principally  in  the  valley  of  the  river 
Tibagy,  and  more  rarely  in  other  river  valleys,  as  they  cross  the 
second  or  Devonian  area,  above  defined.  The  observations  made 
tend  to  prove  that  the  sand  and  gravel  containing  the  diamonds 
were  derived  from  the  underlying  Devonian  sandstones,  which 
had  previously  obtained  their  material  from  the  lower-lying  meta- 
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morphio  series.     The  gems  are  found  in  the  sands  of  the  river,  and 
in  more  elevated  gravel  banks,  called  "  dry  washings."        b.  k. 

3.  Serpentine  Marble. — A  beautifol  variety  of  mottled  serpen- 
tine marble  is  worked  at  a  point  on  Broad  Creek  in  Harford 
county,  on  lands  of  the  Havre  Iron  Co.,  Maryland.  Dr.  Genth 
states  that  there  are  three  beds  of  serpentine,  associated  with 
chloritic  and  other  magnesian  rocks  in  the  mica  schist  formation 
of  the  region.  The  chief  bed  is  about  500  feet  thick,  and  is 
traceable  by  its  outcrop  for  about  1600  feet. 

4.  77ie  Q^ymnospermy  of  Goniferce ;  by  Dr.  L.  Celakovskt. 
A  paper  in  Flora  for  June,  1879,  Nos.  17  and  18. — Celakovsky, 
who  takes  a  high  position  as  a  morphological  botanist,  mentions 
that  in  the  year  1874  he  published  in  Flora  an  article  opposing 
gymnospermy.  He  now  announces  that  he  has  changed  his  <'pin- 
ion,  having  satisfied  himself  of  the  truth  of  this  doctrine.  The 
agent  of  conversion  was  a  monstrosity  of  the  Norway  Spruce  cone, 
like  that  from  which  Stengel  made  out  the  now  accepted  morphol- 
ogy of  the  cone,  and  th^  same  monstrosity  as  that  which  Brann 
studied  in  the  Larch,  deducing  from  it  the  accepted  doctrine 
many  years  ago.  The  essential  point  in  this  monstrosity  is  that 
the  bracts  of  the  abnormal  catkm  develop  into  leaves,  and  the 
carpellary  scale  before  it  into  a  pair  of  leaves  transverse  to  the 
bract.  The  abietinous  carpel  consists  of  these  two  leaves  united 
by  their  posterior  edges  (l  e.,  those  next  the  axis  of  the  cone)  into 
a  scale,  the  back  of  which  therefore  faces  the  axis  of  the  cone,  and 
bears  the  ovules.  The  lower  part  of  these  catkins  is  usually  normal, 
the  apex  by  prolification  is  gradually  transformed  in  the  manner 
here  specined,  and  becomes  a  leafy  branch.  Dr.  Engelmann,  in 
this  Journal,  three  years  ago,  gave  a  confirmatory  account  of  an 
analogous  monstrosity  in  the  Hemlock  Spruce,  but  in  which  the 
transformation  was  at  the  base  of  the  cone,  the  lower  bracts  leaf- 
like and  with  a  pair  of  leaves  in  their  axil,  the  following  bracts 
more  and  more  scale-like,  the  geminate  leaves  in  their  axil  were 
partially  united,  next  forming  a  scale  with  a  cleft  or  notched  apex, 
then  an  entire  carpellary  scale,  in  the  axily)f  a  normal  bract. 

Celakovsky,  having  now  seen  the  Spruce  monstrosity  for  him- 
self, adopts  the  inevitable  conclusion,  and  applies  it  well  to  the 
settling  of  the  question  of  gymnospermy.  He  declares  that  the 
dorsal  origin  of  the  ovules  of  the  Abietinese  proves  that  it  is  no 
axillary  production,  and  thus  the  main  support  of  those  who  take 
the  ovule  for  a  simplified  female  flower  falls  to  the  ground.  More- 
over, the  ovules  of  Coniferae  in  retrograde  metamorphosis  never 
change  into  shoots,  but  simply  disappear.  If  flowers,  they  would 
be  expected  sometimes  to  become  foliaceous  branchlets.  So  Cela- 
kovsky regards  it  as  demonstrated  that  they  are  outgrowths  from 
the  dorsal  face  of  the  leaf,  analogous  to  the  sori  and  indusia  of  Ferns. 
He  cites  the  indusium  of  HymenophyUum  as  an  instructive  anal- 
ogue, only  it  is  marginal ;  that  of  Davalia  is  somewhat  dorsal ;  that 
of  Cyathea  wholly  so  and  yet  cup-shaped.  He  goes  on  to  say  that 
the  gymnospermy  of  Abietinece  being  thus  proved,  that  of  the  rest 
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of  ConifercB  follows  of  course ;  that  Braun  has  seen  similar  prolif- 
ioatioD  in  the  catkins  of  TaxodinecB^  in  which  the  carpel-ecale  was 
replaced  by  a  bud;  that,  although  the  carpel-^cale  m  AbietinecR 
consists  of  two  leaves,  the  bud  may  in  other  cases  develope  more 
than  two  leaves,  so  that  the  lobed  scale  of  Cryptomeria  may  be 
composed  of  as  many  leaves  as  there  are  lobes.  Moreover,  although 
the  ovules  in  Adietineoe  originate  from  the  scale,  the  greater  part 
of  the  scale  is  developed  after  the  formation  of  the  ovules ;  smd  in 
Cupresmis  the  scale  is  developed  even  as  late  as  the  following 
spnng,  while  the  ovules  are  produced  in  the  autumn.  However 
the  case  may  be  disguised,  Ceiakovsky  asserts  his  firm  conviction, 
1st,  that  an  ovule  can  only  be  developed  as  depending  on  a  carpel, 
and,  2d,  that  its  nucleus  represents  the  macrosporangium  of  vas- 
cular Cryptogams.  He  adds  that  this  is  the  logical  consequence 
of  the  theory  of  descent,  and  must  be  true  if  the  doctrine  of  the 
genetic  connection  of  the  vegetable  world  is  trua  He  considers 
that  Van  Tieght* m  and  Strassburger  have  proved  the  seemingly 
simple  scale  of  Cupreseineoe  and  Taxodinem  to  be  composed  of 
bract  and  carpel-scale  united  [which  indeed  is  evident  m  Tbxo- 
dinece]^  and  that  Braun  has  confirmed  this  by  the  study  of  prolif- 
erous cones.  As  to  the  development  of  ovules  earlier  than  the 
carpels  they  belong  to,  this  is  said  to  have  been  observed  in  some 
Angiosperms  also,  as  in  Cxiscuta^  in  which  at  first  four  naked  ovules 
appear.  The  anatomical  organogenist  may  argue  from  this  that 
ovules  and  carpels  are  independent  productions,  but  Ceiakovsky 
insists  that  he  will  argue  wrongly. 

This  brings  our  author  to  the  consideration  of  the  structure  of 
Taxinece,  This  is  environed  with  difficulties,  and  explanation  is 
only  conjectural  Here  the  disc,  arillus,  cupula,  or  whatever  it 
be  called,  makes  its  appearance  where  no  trace  of  carpellary  scale 
is  to  be  seen.  Ceiakovsky  inclines  to  the  view  that  this  organ, 
occurring  in  whatever  form,  is  most  probably  the  carpellary  scale 
itself,  very  tardily  developed.  In  Dacrydium  the  cupule  is  homol- 
ogous with  that  of  TaxuSy  but  oblique.  Cephalotaxua  has  no  scale 
and  no  cupule,  but  seems  to  correspond  with  CupressinecBy  and 
shows  at  maturity  a  small  flattened  rudiment  between  the  two  . 
ovules,  which  is  probably  a  rudimental  carpel-scale.  Giti^fdo  is  ^ 
the  most  puzzling;  yet  it  seems  probable  that  the  biovuliferous 

Eeduncle  represents  the  abietineous  carpel-scale,  the  peduncle  itself 
einff  its  elongated  base.  The  cupule  of  Taxus  may  be  either  a 
simple  circular  carpel,  or  may  consist  of  more  than  one  carpel.  The 
apparently  terminal  ovule  of  Taacua  and  I'orreya  he  would  regard 
as  axillary  to  one  of  the  uppermost  subtending  bract-scales ;  for 
he  will  not  concede  that  the  ovule  can  be  wholly  destitute  of  a 
carpellary  organ.  Yet  he  might  do  so,  in  one  sense ;  for  if  the 
carpel  may  develope  very  late  and  very  imperfectly  or  very  little, 
it  may  sometimes  not  visibly  appear  at  all,  and  so  the  phyllome 
be  reduced  to  the  ovular  outgrowth. 

Finally,  Ceiakovsky  notes,  that  if  the  ovule  of  TaxuM  and 
Torreya  be  axillary  to  an  uppermost  scale,  it  would  originate  not 
from  the  dorsal  but  from  the  ventral  face,  i  e.  from  the  upper  side 
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of  the  leaf;  which  would  distingiiish  Taadneoe  from  all  true 
ConifercB^ — a  view  which  would  not  be  destitute  of  important 
support.  For  both  Braun  and  Mohl  have  seen  apparently- 
androgynous  scales  in  some  Ahietine<B.  In  a  monstrous  Larch- 
ament,  among  carpellary  scales  with  normally  dorsal  ovules,  Braun 
found  one  with  ovules  on  the  opposite  face ;  and  Mohl  describes 
and  figures  an  androgynous  inflorescence  of  White  Spruce,  with 
pollen-sacs  on  the  outer  face,  and  on  the  other  a  pair  of  knobs 
which  from  their  form  and  position  might  be  taken  for  imper- 
fectly developed  ovules.  But  this  latter  case  seems  most  am- 
biguous. If  It  was  in  a  male  catkin,  the  upper  part  of  which  had 
become  female  by  the  development  of  carpel-scales  in  the  axil  of 
stamens  partially  transformed  into  bracts  (which  is  the  case  we 
have  before  us  m  a  monstrosity  of  Hemlock  Spruce),  then  the 
quasi-androgynous  scale  in  question  may  have  oeen  the  normal 
abietineous  carpel-scale  itself,  with  the  polleniferous  bract  behind 
it  and  connate  with  it. 

The  androgynous  spike  of  Hemlock  Spruce  before  us  is  below 
normally  staminate;  above  some  anthers  are  slightly  scarious- 
winged  at  one  side  of  the  projecting  tip,  another  has  this  wing 
developed  into  a  bract-like  body  on  the  whole  of  one  side ;  next 
there  is  a  bract  with  a  single  small  pollen-sac  on  one  side  of  its 
back  and  in  its  axil  a  well-formed  and  biovulate  carpel-scale. 

o.  B.  &  A.  o. 

6.  Contributions  to  American  Botany^  IX ;  by  Sbreno  Wat- 
son. From  Proceedings  of  American  Academy  of  Arte  and 
Sciences^  vol.  xiv,  July,  1879,  p.  213  to  803,  and  an  index. — Mr. 
Watson,  in  preparing  the  Monocotyledoneaa  for  the  Botany  of 
California,  came  upon  the  order  lAliacece^  which  is  well  repre- 
sented in  Pacific  fTorth  America ;  and  he  had  to  consider  how 
the  genera  and  higher  groups  should  be  disposed.  This  led  to 
a  wide  study  of  the  order  and  a  strict  scrutiny  of  the  American 
species ;  and  the  present  "  Revision  of  the  North  American  Zili- 
accce^^  occupying  the  greater  part  of  the  "  Contribution"  before 
us,  is  the  result.  It  is  generally  agreed  that  this  order  is  to  have 
the  wide  extension  which  was  given  to  it  by  the  present  writer  a 
doEen  and  more  years  ago;  and  the  proper  collocation  of  its 
diversified  forms,  with  interlaced  affinities,  has  been  a  problem  of 
no  small  difficulty.  Mr.  Baker,  in  England,  has  attempted  the 
task  for  the  order  generally,  and  has  sedulously  elaborated  some 
of  the  North  American,  but  more  of  the  Old  World  and  the  South 
American,  genera  and  tribes.  His  arrangement  and  his  system- 
atic views  are  in  many  respects  satisfactory,  in  some  unsatisfac- 
tory as  respects  North  American  botany.  Mr.  Watson  has  the 
latter  primarily  in  view,  but  still  has  to  adjust  the  American 
genera  into  the  general  system.  The  arrangement  he  has  planned 
consists  of  three  series^  the  first  of  which  parts  into  two  eubserieSy 
and  includes  sixteen  tribes,  some  of  them  divided  into  subtribes. 
The  great  endeavor  has  evidently  been  to  make  natural  groups — 
and  this  endeavor  has  been  really  successful.  The  next  thin^  is 
to  assign  characters,  and  here  comes  the  difficulty.     Absolute 
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characters  of  the  leading  groups  are  not  to  be  had,  even  when 
North  American  forms  only  are  considered.  Those  "who  imagine 
they  could  do  better  than  Mr.  Watson  has  done  should  make 
trial  before  they  criticise.  The  character  of  the  pericarp,  whether 
baccate  or  capsular,  the  nature  of  the  stock,  whether  bulbous, 
tuberous  or  rhizomatous,  the  nature  of  the  seed-coat,  the  inflores- 
cence, direction  of  anthers,  union  or  separation  of  styles,  are  all 
good  characters  to  a  certain  extent,  and  all  fail  to  furnish  unex- 
ceptionable marks  to  distinguish  the  higher  groups  when  natural 
associations  are  sought.  It  is  not  easy  to  ascertain  what  diag- 
nostic characters  in  this  monograph  are  most  to  be  trusted.  But 
the  nature  of  the  bracts  (on  the  one  hand  scarious,  on  the  other 
foliaceous  or  none)  takes  the  lead  in  the  first  two  series,  and  is  fol- 
lowed by  the  persistence  or  deciduousness  of  the  perianth^  the 
insertion  of  the  stamens  whether  on  the  perianth  or  at  its  base, 
the  dehiscence  of  capsule, — all  matters  of  little  physiological  im- 
portance, but  for  that  reason  perhaps  surer  guides  to  affinity  than 
the  more  prominent  adaptive  characters.  However,  it  may  be 
said  that  the  first  series  answers  to  the  AephodelecBj  with  Yucca 
and  HemerocaUidece  added ;  the  second  to  the  true  IMiacem  with 
UvnlariecB  and  TriUiem  added ;  the  third  to  MelanthacecB^  with 
the  tribe  Tofleldiece  appended.  Thus  disposed,  it  is  doubtless 
judicious  to  designate  tne  three  primary  groups  as  "  series,"  and 
not  as  suborders,  and  to  throw  the  stress  upon  the  tribes. 

The  Melanthaceous  series,  which  in  our  view  best  divides  into 
the  (JolchicecBy  VeratrecB  and  Tqfieldiece — ^the  first  not  American — 
is  here  divided  into  the  VercUrem^  HeloniecB  and  Xeropfa/Ue<JB 
(which  two  we  should  combine),  into  the  midst  of  which  the  Tqfiel- 
diecB  are  intercalated.  This  last  tribe,  which  should  end  the  series, 
is  quite  exceptional,  and  is  well  composed  of  Tofiddia^  Pleea  and 
Narthecium,  Its  marks  are  the  equitant  leaves,  introrse  anthers 
with  parallel  cells,  and  caudate  seeds ;  but  to  bring  Narthecium 
under  the  remaining  character  of  "  styles  distinct  or  none,"  it  is 
defined  as  destitute  of  style,  but  with  "  the  slightly  lobed  stigma 
sessile  upon  the  attenuated  apex  of  the  ovary."  This  is  really 
much  nearer  the  fact  than  would  be  supposed,  as  the  cells  of  the 
ovary  actually  do  taper  up  into  the  subulate  style  (as  it  has 
always  and  most  naturally  been  termed),  so  that  in  the  mature 
capsule  the  upper  tails  of  the  seeds  reach  up  to  within  a  short  dis- 
tance of  the  small  stigma. 

In  a  Hnear  order  it  has  not  been  practicable  to  approximate  the 
ConvaUariecB  of  the  first  series  witn  the  UmUariecB  of  the  second. 
The  division  of  Uvvlofria  gives  a  gratifying  opportunity  of  dedi- 
cating a  New  England  genus  to  the  memory  of  one  of  the  best 
of  New  England  botanists,  the  late  Wul  Oakes  (  Oakesia  eessUi- 
foliay  with  its  relative  of  the  southern  mountains,  O.  puberala) ; 
but  he  would  not  have  relished  the  dismemberment  of  the  Linnsean 
genus  upon  the  characters,  good  as  they  are,  neither  in  fact  do  we. 
The  formation  of  the  tribe  Yuccem^  of  Yucca  and  He^peraloe^ 
strikes  us  as  excellent ;  and  it  seems  ri^ht  not  to  adopt  the  sup- 
posed second  species  of  Heaperaloe  until  it  is  better  known.     Its 
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principal  distinctions  (longer  anthers  and  shorter  style)  may 
indicate  heterogone  dimorphism,  which  would  be  a  novelty  in  the 
order. 

Tribe  NblineoBy  of  the  first  series,  must  be  regarded  as  an  excel- 
lent group,  composed  of  Dasylirion  and  Nblina;  and  it  is  grati- 
fying to  find  that  the  outlying  genus,  Nblina^  founded  long  a^, 
on  a  single  Georgian  species,  is  the  northern  representative  of  a 
considerable  Texano-Mexican  group,  named  Beattcamea.  It  were 
to  be  wished  that  the  plan  of  this  Kevision  had  allowed  more  cita- 
tion of  generic  synonymy,  and  that  it  had  been  more  explicitly 
stated  that  Beaucamea  is  only  Nblina.  This  union,  indeed,  is  one 
of  the  happy  hits  of  the  present  monograph. 

As  has  been  suspected,  the  Califomian  Schcenolirion  cUbtrni  of 
Durand  proves  to  be  quite  distinct  from  the  Atlantic  species  on 
which  that  genus  was  foimded.  So  Mr.  Watson  has  embraced 
the  opportunity,  here  offered,  to  dedicate  a  peculiar  Califomian 
genus  to  Judge  Hastings — a  judicious  patron  both  of  botanical  and 
legal  learning.  Except  for  his  exertions,  his  own  liberality  and  his 
direction  of  the  liberality  of  others,  we  could  not  have  had  the 
Botany  of  California,  which  Mr.  Watson  may  now  soon  bring  to 
a  completion.  The  reader  finds  no  mention  of  this  under  the 
genus  JSastingsiay  p.  217,  nor  under  the  species,  Hi  alba,  p.  242. 
But  an  appropriate  reference  is  made  on  p.  286. 

Zteucocrinuniy  Kutt,  was  conjectured  by  Endlicher  to  be  the 
Mexican  Weldenia^  but  it  has  just  now  been  ascertained  at  Kew 
that  Weldenia  is  a  Commelynaceous  genus. 

Our  species  of  Allium  as  now  worked  out  by  Mr.  Watson  with 
CTcat  painstaking,  are  thirty-six  in  number,  exclusive  of  the  intro- 
duced A.  vinecSe,  Some  characters  might  be  made  more  of  in 
living  plants,  such  especially  as  those  furnished  by  the  so-called 
"  crests  of  the  ovary."  In  A.  stratum  these  crests  are  remarka- 
bly developed,  radiating  from  around  the  base  of  the  style  and 
recurving,  the  notch  at  the  end  of  each  fitting  over  the  base  of  the 
alternate  filaments,  and  the  under  side  is  nectariferous  and  attrac- 
tive to  bees.    The  flowers  are  proterandrous. 

In  separating  the  two  species  of  MaiafUhemum  we  should  have 
unhesitatingly  referred  the  large  Pacific  coast  form  to  M. 
bi/olium.  We  should  not  have  distinguished  LUium  Ghrayi  as 
more  than  a  form  of  L.  Canadense,  one  which  extends  northward 
to  the  central  parts  of  New  York.  In  view  of  geographical 
range,  size,  and  general  appearance,  we  should  never  have  thought 
of  Uviclaria  flava  as  a  synonym  of  U.  grandiflora,  Mr.  Watson 
finds  good  characters  in  the  shape  and  markings  of  the  capsule  to 
separate  U.  grandiflora  from  iJ.  p&rfoliata.  Has  any  one  ripe 
fruit  of  the  small,  yellow-flowered,  if.  flava  f 

Chamadirium  Uarolinanum,  Willd.  This  speciflc  name  is 
properly  restored.  It  was  the  original  name  under  this  genus ; 
and  the  name  hUeum  is  a  false  one  (though  the  plant  was  Vera- 
trum  kiteum  of  Linnseus),  the  blossoms  being  white  without  a 
tinge  of  yellow,  duller  white  in  the  female  plant,  pure  white  in 
the  male,  the  pedicels  equally  of  this  color. 


Digitized  by 


Google 


816  Scientific  Inielligence. 

No  space  is  left  in  which  to  notice  the  Notes  upon  the  Affinities 
and  geographical  Distribution  of  lAliacecB^  nor  the  Descriptions 
of  Some  new  Species  of  North  American  Plants,  about  fifty  in 
number,  which  make  up  the  second  part  of  this  important  "  Con- 
tribution." Among  them  is  a  new  Bolandra  and  a  new  SuUi- 
vantia  from  Oregon,  both  very  much  like  (we  fear  too  like)  the 
original  species.  Here  and  m  the  Bibliographical  Index,  tiie 
name  SuUivantia  Ohionia  is  changed  (perhaps  accidentally)  to  & 
Ohioenais,  We  know  of  no  law  against  genetive  names  of  geo- 
graphical more  than  of  other  places  or  stations^and  such  are  not 
extremely  uncommon.  The  name  Ohionis  was  purposely  chosen, 
and  we  hope  may  be  retained. 

The  interesting  new  Erigoneous  genus  SoUisieria^  discovered 
by  the  enthusiastic  Mr.  Lemmon  (in  San  Luis  Obispo  Co.,  east  of 
the  Coast  Range)  is  of  rather  doubtful  interpretation  as  to  some 
points  of  structure.  The  inflorescence  we  suppose  to  be  only 
seemingly  axillary,  the  involucre  is  pMOSsibly  a  genuine  trimerous 
one,  and  we  take  the  two  small  stipule-like  leaves  to  be  real 
stipules, — a  point  which  the  published  character  does  not  decide, 
though  it  is  implied  in  describing  the  leaves  as  alternate. 

Being  one  of  the  most  important  of  recent  contributions  to 
North  American  Botany,  this  publication  deserves  even  a  fuller 
notice  than  we  can  here  give  it.  a.  g. 

6.  Musci  FencUeriani  Venezuelenaes. — ^^Amon^  the  collections 
made  by  Mr.  Augustus  Fendler  in  Venezuela,  in  1 864-6,  was  a 
very  fine  one  of  the  Mosses  of  the  region  which  he  explored.  It 
was  purchased  by  the  late  Mr.  Sullivant  and  in  part  studied  by 
him,  and  drawings  of  a  large  number  of  the  species  were  made 
by  Mr.  A.  Schrader  under  his  direction.  With  the  exception  of  a 
single  set,  accompanying  the  drawings,  which  was  bequeathed  to 
the  Herbarium  of  Harvard  University,  the  whole  collection  was 
made  over  to  Mr.  Schrader,  the  draughtsman,  to  be  distributed 
by  sale  among  the  bryologists.  But,  as  a  very  large  proporticwi 
of  the  species  were  new,  it  was  desirable  that  they  shoula  all  be 
authenticallv  named,  and  the  new  ones  described  before  the  sets 
were  oflerea.  This  has  now  been  satisfactorily  and  most  oblig- 
ingly done  by  Dr.  Karl  MtUler  of  Halle,  the  accomplished  author 
of  the  Species  Muscorum,  and  publication  made  in  the  Linnaaa 
(xlii,  parts  6  and  6),  this  giving  the  highest  value  to  the  collec- 
tion. Mr.  A.  Schrader,  of  Columbus,  Ohio  (234  West  State 
street),  now  offers  these  sets  to  botanists,  at  $12  for  the  145 
species,  in  good  specimens,  with  a  printed  form  of  ticket  bearing 
the  numbers,  and  a  copy  of  Dr.  MtlUer^s  memoir  (in  Latin)  in  the 
Linnssa,  enumerating  and  describing  them.  There  are  thirty- 
nine  sets,  all  of  equal  completeness  and  value.  To  secure  them 
early  application  should  be  made  to  Mr.  Schrader.  a«  g. 

7.  Dictionnaire  de  Botanique  ;  par  M.  H.  Baillon.— The  first 
part  of  the  second  volume  has  appeared,  containing  articles  from 
Chkenacies  to  Cistus.  No  small  part  of  the  eighty  pages  are 
occupied  by  two  articles,  Chlorophylle  and  Circulation^  each  as 
it  were  a  treatise.  a.  g. 
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8.  MisceUanea. — ^The  following  are  the  more  important  botanical 
publications  which  have  accumulated  upon  our  table : 

Transactions  of  the  Linnean  Society  of  London,  Second 
Series,  parts  5  and  6,  of  vol.  i. — ^These  contain  Casimir  DeCan- 
dolle^s  paper  on  the  geographical  distribution  of  the  MeliacecBj 
-with  a  map;  New  British  Lichenes  by  Leighton,  with  a  fine 
plate ;  ZiliacecB  and  other  petaloideous  Monocotyledons  of  Wel- 
witch's  Angolan  Herbarium,  by  Baker ;  New  Zicaland  Lichenes^ 
by  Knight ;  the  fine  paper  on  tne  morphology  of  JMmiUacece,  by 
blasters ;  a  new  genus  of  parasitic  Algce  and  conidial  fructifica- 
tion in  the  Mucorini^  ^Xj^'  ^'  C'lnningham;  Fungi  from  Queens- 
land, by  Berkeley  and  Browne,  and  the  Rev,  George  Henslow's 
memoir  on  self-^rtilization  in  plants,  which  has  been  reviewed  in 
this  Journal  at  some  length. 

NouveUes  Archives  au  Museum. — The  first  volume  of  the 
second  series  begins  with  Uecaisne's  full  and  interesting  mono- 
graph of  Zigustrum  and  Syringa^  with  three  plates.  There  are 
thirty-seven  species  oi  Ligustrumy  and  eleven  of  Syringa^  includ- 
ing 8.  Amurensis  and  two  allied  species  with  rotate  corollas,  the 
genus  Ligustrina  of  Rupprecht. 

Rimsta  Botanica  dell'  Anno  1878,  di  Fbdbbico  Delpino,  1879, 
Extr.  Ann.  Scientifico  Italiano,  Ann,  xv. — A  general  review  of 
botanical  publications  of  1878.  Signer  Delpino,  now  Professor 
of  Botany  in  the  University  of  Genoa,  sends  us  also  continua- 
tions of  his  valuable  papers  on  dichogamy  of  fiowers,  and  some 
other  interesting  essays,  which  we  hope  to  review  later.       a.  g. 

HL  Astronomy. 

1.  Ephemeris  of  the  Satellites  of  Mars  for  Oct.  and  ATow.,  1879. 
— ^The  following  ephemeris,  computed  from  Prof.  Hall's  elements 
of  the  satellites  of  Mars,  gives  the  approximate  position  angles 
and  distances  of  the  satellites  about  the  time  of  elongation.  Only 
the  times  of  those  elongations  are  eiven  which  may  be  observed 
in  America.  On  Nov.  1  the  probable  error  of  the  computed  angle 
of  position  is  for  Deimos  ±  0  .6  and  for  Phobos  ±  8*".!. 

Deimos. 


Date. 

WMh.  If.  T. 

Pm.  Aog. 

Dist. 

Bate. 

Waab. 

M.  T. 

Poa.  Ang. 

Dlst. 

h     m 

• 

" 

"h 

m 

• 

" 

Oct  10 

10  46 

232- 

Oct  30 

15 

34 

232- 

12 

8  13 

62-1 

60  80 

Nov.  1 

12 

0 

52-7 

66-88 

13 

14  31 

62- 

3 

9 

27 

232- 

16 

12  58 

232- 

4 

15 

45 

232- 

17 

9  25 

52* 

62-2 

6 

6 

64 

52- 

18 

15  43 

52- 

6 

13 

12 

52- 

20 

13  10 

231- 

8 

10 

38 

231- 

66-6 

22 

10  37 

61-3 

63-73 

9 

16 

66 

231- 

23 

16  65 

61- 

10 

8 

5 

51- 

25 

14  22 

231- 

11 

14 

23 

5]- 

27 

11  49 

61- 

13 

11 

50 

231- 

29 

9  16 

232- 

65- 

15 

9 

17 

50*8 

64-88 
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Phobos. 


Date. 

Wash. 

M.  T. 

Pm.  Ang. 

Dlst. 

Date. 

WMh. 

U.T. 

PM.ADflT. 

Diat. 

h 

m 

c 

" 

h 

m 

" 

Oct  10 

8 

2 

65- 

24-6 

Oct  28 

8 

30 

234- 

11 

63 

236- 

12 

19 

64- 

16 

41 

66- 

16 

9 

234 

11 

7 

0 

66- 

29 

7 

28 

234- 

10 

60 

236- 

11 

17 

64- 

14 

39 

66- 

16 

7 

234- 

12 

9 

47 

236- 

80 

10 

16 

64- 

13 

37 

66- 

14 

6 

234- 

13 

8 

46 

236- 

31 

9 

13 

64- 

12 

36 

65- 

13 

2 

234- 

16 

24 

236- 

Nov.  1 

8 

10 

64- 

14 

7 

43 

236- 

12 

0 
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11 

32 
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16 

60 

64- 

16 
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6 

41 

236- 

10 

68 

234- 

10 

30 

66- 

14 

47 

64- 

14 

20 

236- 

6 

6 

54- 

16 

9 

28 

66- 

9 

66 

234- 

13 

18 

236- 

13 

46 

63- 

17 

8 

26 

66- 

8 

63 

233- 

12 

16 

236- 

12 

43 

63- 

18 

7 

23 

66- 

16 

32 

233- 

11 

13 

236- 

7 

61 

233- 

16 

3 

66- 

11 

41 

63- 

19 

6 

21 

66- 

16 

30 

233- 

10 

11 

236- 

6 

6 

49 

233- 

14 

0 

66- 

10 

38 

63- 

20 

9 

9 

236- 

14 

28 

233- 

12 

68 

66- 

7 

6 

47 

233- 

26-8 

21 

8 

6 
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9 

36 

63- 

12 

16 

66- 

13 

26 

233- 

16 

46 
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8 

8 

34 

63- 

22 

7 

4 

236- 

12 

24 

233- 

10 

64 

66- 
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13 
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14 

43 
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9 

7 

32 
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23 

9 

61 
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21 
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13 

41 
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11 
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8 

49 
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10 

10 
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IV.    MlSCELLANEOirS  SOIBNTIFIO  INTBLLIOENCK. 

1.  American  Association. — ^The  twenty-eighth  aDoual  meeting 
of  the  American  Association  for  the  Advancement  of  Science  was 
held  at  Saratoga,  during  the  week  from  Augast  27th  to  September 
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3d.  The  Preddeiit  of  the  meeting  was  Professor  Geoi^e  F.  Bar- 
ker of  Philadelphia ;  the  Vice  Presidents,  Professor  S.  P.  Langley 
of  Alleghany  and  Major  J.  W.  Powell  of  Washington ;  the  chair- 
man of  the  Sub-section  of  Chemistry,  Professor  Ira  Remsen  of 
Baltimore,  and  of  that  of  Microscopy,  Professor  E.  W.  Morley  of 
Hudson,  Ohio. 

The  officers  of  the  local  Committee  were  Dr.  R  C.  McEwen, 
Dr.  J.  L.  Perry,  Professor  H.  N.  Wilson,  Lt.  Commander  A.  R. 
McNair,  Professor  L.  S.  Packard.  They  with  the  other  gentlemen 
associated  with  them  were  highly  suocessftil  in  their  arrangements 
for  everything  connected  with  the  main  purpose  of  the  Association, 
as  well  as  for  the  comfort  and  entertainment  of  the  members. 
Under  their  auspices  excursions  were  taken  to  Luzerne,  to  Lake 
George,  to  the  Ausable  Chasm,  to  Port  Henry,  and  to  other  points 
of  interest. 

Of  the  various  addresses  delivered  in  the  evenings,  first  to  be 
mentioned  is  that  of  the  retiring  President,  Professor  O.  C.  Marsh, 
on  the  '^  History  and  Methods  of  PalsBontological  Discovery.'^ 
This  will  be  printed  in  the  next  number  of  this  Journal  Other 
addresses  were  delivered  by  the  Vice  Presidents  S.  P.  Langley  and 
J.  W.  Powell  on  Friday  evening,  August  29 ;  Saturday,  August 
30,  by  Dr.  T.  A,  Edison  on  the  "  Electro-chemical  Telephone." 

The  next  meeting  is  to  be  held  at  Boston  on  the  last  Wednesday 
in  August,  1880.  The  officers  appointed  for  the  meeting  are: 
President,  Le^  H.  Morgan  of  Rochester ;  Vice  President  of  Sec- 
tion A,  Professor  Asaph  Hall  of  Washington ;  Vice  President  of 
Section  B,  Professor  Alexander  Agassiz  of  Cambridge ;  Chairman 
of  Sub-section  C,  John  M.  Ordway  of  Boston ;  Chairman  of  Sub- 
section E,  Major  J.  W.  Powell  of  Washington. 

The  followm^  is  a  list  of  papers  which  were  read  or  accepted 
for  reading  in  the  different  sections. 

L  Mathematics^  Astronomy  aiid  Physics. 

Experimental  Determination  of  the  yelodtj  of  light,  A.  A.  Miohbiaon. 

The  oomet  of  1771 :  inyestigation  of  its  orbit,  W.  Bebbs. 

Some  observations  on  the  depth  of  snow  compared  with  the  depth  of  the  water 
it  yields,  J.  Bbooklbsby. 

Statement  of  generalization  reached  in  question  in  intersection  of  circles  and 
intersection  of  spheres :  results  stated,  not  the  geometrical  discussion,  B.  Alyord. 

Meteoric  constitution  of  the  sidereal  universe:  I.  Cooling  of  the  sun,  B. 
PiBBOB.— II.  Cooling  of  the  earth,  id. 

On  a  curious  case  of  crystallization  of  Canada  balsam,  G.  F.  Babkbb. — On  the 
conversion  of  mechanical  energy  into  heat  by  magneto-electric  machines,  id. 

A  general  law  indicating  the  location  of  planets,  satellites,  or  annular  rings 
around  their  primaries ;  also  its  utility,  S.  Mabsdbk. 

On  experimental  solution  of  a  problem  in  the  doctrine  of  chances,  T.  C.  Mek- 

DENHALL. 

Solubility  of  ozone,  A.  B.  Lbbds. 

Modification  of  the  glass-plate  polarimeter,  A.  W.  WaiaHT. — ^Influence  of  light 
on  the  electrical  oondnctivily  of  metals,  id. 

On  the  use  of  glass  circles  for  meridian  instiimients  and  of  glass  bars  for  stan- 
dards of  length,  W.  A.  Rogbb& — ^First  results  from  a  new  diffraction  ruling 
engine,  id.— On  a  standard  meter  and  its  subdivisions  into  equal  parts,  id. — On 
the  coefficient  of  expansion  of  nickel-plated  bars,  id.— On  the  tremors  communi- 
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cated  to  transit  piers  and  clock  piers  through  the  walls  of  an  observatorj  building, 
id. 

Observations  of  double  stars,  Asaph  Hall. 

Star  places,  Lewis  Boss. — Solar  parallax  from  minor  planets  at  oppoeitioa,  id. 

On  determination  of  errors  of  form  of  the  pivots  of  meri«iian  instruments,  C.  A. 

TfUJNO. 

On  the  color  correction  of  achromatic  telescopes,  Wir.  Harekss& 

The  past  state  of  the  world's  metrology  as  bearing  on  the  progress  of  sdencef 
P.  A.  P.  Baenard. 

New  methods  of  Photometry  as  applied  to  electric  light,  P.  H.  Van  der  Wetdb. 

A  table  of  remainders  of  2"  to  various  prime  moduli,  E.  P.  Austin. 

On  the  identity  of  the  lines  of  Oxygen  with  bright  solar  lines,  as  shown  in  pho- 
tographs taken  with  increased  dispersion,  Hbnby  Drapeb. 

On  a  trigonometrical  view  of  the  calculus,  J.  Tbowbridqb. 

On  a  resonant  tuning  fork,  T.  A.  Edison.— On  the  phenomena  of  boating 
metal  in  vacuo  by  means  of  an  electric  current,  id. 

A  surface  upon  which  the  •*  non-euclidean  geometry"  finds  its  interpretation, 
A.  W.  Phillips. 

Test  of  faradic  madiines,  F.  R.  Upton. 

Upon  the  methods  of  exploring  the  field  of  induction  of  flat  spbrals,  A.  Gr.  Bell. 
— Upon  residual  induction,  id. — Upon  binaural  audition,  id. 

Observations  of  the  transit  of  Mercury,  1878,  May  6,  including  a  systematic 
search  for  a  satellite,  and  measured  of  the  diameter  of  the  planet,  D.  P.  Todd. 

On  the  strength  of  American  timber,  R.  H.  Thueston. 

On  explosive  and  detonating  compounds,  B.  S.  Hbdbick. 

A  study :  forms  of  energy,  J.  D.  Waenee. 

II.   Chemistry. 

Action  of  ozone  upon  the  coloring  matter  of  plants,  A.  B.  LESDa — Bleaching 
of  sugar  synips  by  ozone,  id. —Reduction  of  carbonic  acid  by  phosphorus  at 
ordinary  temperatures,  id.---Ozidation  of  carbonic  acid  by  air  over  phosphorua  at 
ordinary  temperatures,  id. 

Household  chemistry,  Eixen  H.  Riohabd& 

On  the  deterioration  of  library  bindixigs,  W.  B.  Nioholb. — Observations  on  the 
variations  in  the  temperature  and  chemical  characters  of  Fresh  Pond,  Mass.,  id. — 
On  an  accidental  oontamination  of  a  souroe  of  water  supply,  id. 

Percentage  of  sugar  in  sap  of  the  sugar  maple,  H.  M.  Wilet. — A  modified 
method  of  collecting  and  measuring  gases  soluble  in  water,  id. 

Details  of  the  construction  of  an  apparatus  for  the  analysis  of  gases,  K  W. 
MoBLBT. — Results  of  systematic  analyses  of  air,  designed  to  discover  the  cauae  of 
variations  in  the  quantity  of  oxygen  therein  contained,  id. 

Preliniinary  notice  of  the  revision  of  the  atomic  weights,  F.  W.  Clarke. 

On  graphite  from  the  Ducktown  copper  mine,  W.  L.  Dudley  and  F.  W.  Claski. 

Method  of  coloring,  cutting  and  polishing  agates,  etc,  at  Oberstein,  Mrs.  E.  A. 

SlCTTH. 

Note  on  a  peculiar  case  of  oorrosion  of  the  metal  tin,  J.  W,  Osborne. 

On  the  limits  of  meteorological  conditions  governing  tiie  extension  of  beet  root 
culture,  W.  MoMurtrIe. 

On  the  action  of  caustic  alkaline  solution  on  glass,  A.  A.  Breneman. 

A  chemical  examination  of  black  ozokerite,  C.  6.  Wheeler. 

Exhibition  of  crystals  of  sapphire  from  the  gem  beds  of  Ceylon,  with  briei 
remarks,  A.  C.  Hahli.v. 

IIL   Oeology^  Zoology^  Botany, 

The  succession  of  glacial  deposits  in  New  England,  W.  Upham. 

On  ^e  thinning  and  absence  of  Upper  Silurian  and  Devonian  formation  in 
Tennessee,  J.  M.  Safford. 

Recently  discovered  cupreous  veins  at  Blue  Hill,  Me.,  C.  H.  Hitohcogk. 

On  the  histology  of  insects,  C.  S.  Minot.— On  the  conditions  to  be  fulfilled  by  a 
theory  of  life,  id. — On  the  anatomy  of  Plathelminths,  id. 
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A  short  biography  of  the  Menhaden,  O.  Bbowke  Gk)ODE. 

On  the  fertilization  of  Yucca,  T.  Meehan. 

Philosophy  of  the  pupation  of  butterflies,  and  particularly  of  the  Nymphalidso, 
0.  y.  RiLBT. — The  cotton  worm  in  the  United  States,  explanation  of  its  work, 
and  mooted  points  in  its  habits  cleared  up,  id. 

Homologies  in  the  Laurace»,  L.  F.  WiOU).— Sexual  differentiation  in  EpigcM 
repms^  id. — Note  on  the  moyement  of  the  stamens  of  Sabbatia  angnlaris,  id. 

On  a  remarkable  crinoidal  form  recently  discovered  in  Tennessee,  with  exhibi- 
tion of  specimens,  J.  M.  Saffobd. 

The  faima  of  the  Lower  Helderberg  group,  in  relation  of  the  Corals,  Bryozoa  and 
Echlnodermata,  Jambs  Hall. — Notes  upon  the  genera  Fenestella,  Hemitrypa, 
etc.,  id. — On  the  present  oondition  of  the  work  upon  the  palaeontology  of  New 
York,  id. 

On  some  pre-Cambrian  rocks  in  America  and  Europe,  T.  Stbbbt  Hunt. — On 
the  geology  of  Port  Henry.  N.  Y.,  id. 

The  newly  discovered  cave  in  Luray,  Page  Co.,  Ya.,  J.  W.  CmoKBBiKa,  Jr. 

Gypsum  sand,  A.  P.  S.  Stuabt. 

The  interoceanic  canal  problem,  E.  P.  Lull. 

On  the  progress  of  the  second  geological  survey  of  Pennsylvania,  J.  P.  Lbslie. 

Notice  of  the  occurrence  of  rooks  representing  the  Marcellus  shales  of  New 
York  in  Central  Ohio,  R.  P.  Whitfibld. 

Objects  of  sex  and  of  odor  in  flowers,  T.  Mbbham. 

On  the  genus  Pleurotomaria,  W.  H.  Dall. — On  the  moUuscan  dredgings  in  the 
Gulf  of  Mexico  and  vicinity  by  the  U.  S.  Coast  Survey  steamer  Blake  in  1877-9,  id. 

On  the  species  of  Bomean  Orangs,  with  notes  on  their  habits,  illustrated  by 
specimens,  W.  F.  Hobnaday. 

On  the  occurrence  of  microscopic  crystals  in  the  vertebra  of  the  toad  {Bmfb 
Amerieanus).    fWlth  a  note  by  A.  A.  Julien.]    H  C.  Bolton. 

On  the  anthracite  coal  fields  of  Pennsylvania  and  their  n^id  exhaustion,  P.  W. 
Shbafbb. 

The  development  of  the  neuration  in  the  wings  of  insects,  as  illustrated  in  the 
history  of  cockroaches,  S.  H.  Souddbb, 

The  bud-blight  insect,  W.  S.  Babnabd. 

An  apparatus  for  photographing  natural  history  objects  in  a  horizontal  position, 
S.  H.  Gaqb. — A  mettiod  of  demonstrating  the  thoracic  duct  in  animals,  id. — ^Hie 
inter-articular  ligaments  of  the  head  of  the  ribs  in  the  cat,  id. 

A  new  form  of  unpolarizable  electrodes  for  physiological  research,   H.  P. 

BOWDITOH. 

A  successAil  moth-trap,  W.  8.  Babnabd. 

Colors  and  defective  vision,  D.  G.  Cbolt. 

Some  new  or  little  known  anatomical  and  physiological  instruments  and  appar- 
atus, B.  G.  WiLDEB. — Notes  on  the  anatomy  of  the  cat's  brain,  id. — On  a  cat's 
brain  with  the  corpus  caOoswn  absent,  id. 

Some  interes^g  insect  habits  and  their  development,  W.  S.  Babnabd. 

On  oertam  forms  of  Muscee  Yolitantes,  J.  W.  Osbobnb. 

On  the  Triassic  rocks  of  New  Jersey,  G.  H.  Cook. 

The  Green  Mountain  anticlinal  C.  H.  Hitchcook. 

On  the  geology  of  Bermuda,  W.  Nobth  Rioe. 

The  geological  action  of  the  Acid  of  Humus :  I.  On  unconsolidated  deposits. 
IL  On  solid  rocks,  A.  A.  Julien. 

The  genesis  of  the  Serpentine  of  Reichenstein,  etc.,  R.  B.  Habb. 

On  the  surface  limits  of  thickness  of  the  continental  glacier,  in  New  Jersey,  J. 
C.  Smook. 

IV.  Anthropology. 

The  ethnical  influences  of  physical  geography,  D.  Wilson. 
Arohffiological  notes  from  Japan,  E.  S.  Mobsb. 

Description  of  a  polished  stone  implement  found  in  Monkton,  Yt,  J.  M.  Cubbieb. 
The  substances  amber  and  jade,  illustrated  by  remarkable  specimens,  Mrs.  E.  A. 
Smith. 
On  the  explanation  of  hereditary  transmission,  Louis  Elsbebg. 
20a. 
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The  Ethnology  of  the  islands  of  the  Indian  and  Pacific  oceans ;  illustrated  by  a 
large  colored  map,  A.  S.  Biokmorb. 

The  sign  language  of  the  North  American  Indians,  Gar&iok  Mallert. 

On  some  large  and  remarkable  stone  implements  of  the  southern  mound  build- 
ers, F.  W.  Putnam. — On  the  pottery  of  the  southern  mound  builders,  id. 

Superstitions  among  the  ancient  inhabitants  of  the  Mississippi  vaUey  relative  to 
the  owl,  to  the  rabbit,  to  serpents,  to  thunder,  J.  G.  Hsndebson. — ^Lake  Erie  and 
the  Eries,  id. 

Exhibition  of  archaeological  objects,  S.  S.  Haldemak. 

Archaeology  of  Ghamplain  valley,  giving  a  general  account  of  recent  discoveries, 
Or.  H.  Pbbeins. 

Ck)nsonantal  expression  of  emotion,  C.  J.  Blakb. 

2.  British  Association, — ^The  meeting  of  the  British  Associa- 
tion— the  forty-ninth — was  held  at  Sheffield  daring  the  week  from 
August  20th  to  August  28th.  The  exercises  were  opened  on 
Wednesday  evening,  the  20th,  by  the  Inaugural  Address  of  the 
President,  Frofessor  G.  J.  AUman ;  devoted  to  **  an  account  of  the 
most  generalized  expression  of  living  matter,  and  of  the  more 
recent  investigations  into  its  nature  and  phenomena."  The 
attendance  was  not  very  large,  but  the  papers  were  numerous  and 
excited  much  interest ;  on  the  whole  the  meeting  is  described  as 
having  been  one  of  decided  success.  The  first  of  the  evening  dis- 
courses was  delivered  by  Mr.  W.  Crookes  upon  Radiant  Matter. 
It  was  illustrated  by  a  large  number  of  remarkably  beautiful  and 
brilliant  experiments,  performed  on  so  large  a  scale  that  they  were 
visible  to  an  audience  of  nearly  two  thousand  nersons — this  lecture 
forms  the  opening  article  in  tne  present  number  of  this  Journal. 
The  next  meeting  of  the  Association  is  to  be  held  at  Swansea, 
with  Professor  A.  R.  Ramsay  as  President  The  meeting  of  the 
following  year,  1881,  is  appointed  for  York. 

3.  A  Treatise  on  Hygiene  and  JPnblic  Health:  edited  by 
Albert  H.  Buck,  M.D.  2  vols.  8vo.  pp.  792,  667.  New  York, 
1879.  (William  Wood  &  Co.) — This  treatise  consists  of  a  series 
of  twenty-five  essays  specially  prepared  by  nearly  as  many  con- 
tributors, most  of  whom  are  already  known  as  specialists  in 
various  departments  of  sanitary  science,  medicine  or  surgery,  or 
who  are  officers  of  boards  of  health.  The  essays  treat  of  such 
special  subjects  as  Infant  Hygiene,  Foods  ana  Drinks,  Food 
Adulterations,  Water  and  Water  Supply,  Ventilation,  Drainage 
and  Sewerage  in  their  sanitary  aspects,  the  Hygiene  of  occupa- 
tions, of  camps  and  of  marine  service.  Hospital  Construction, 
Public  Health,  Vital  Statistics,  Public  Nuisances,  Disinfectants, 
Quarantine,  etc.,  suitably  edited  and  arranged. 

As  would  be  inferred  the  essays  are  of  different  degrees  of  ex- 
cellence and  completeness,  and  the  treatise  in  a  measure  combines 
the  characters  oi  a  hand-book  of  hygiene  and  a  cyclopedia  of 
sanitary  science.  As  a  whole,  the  work  is  well  done.  Some  of 
the  papers  are  particularly  good ;  several  of  them  are  supple- 
mented with  a  bibliography  of  the  subject,  and  most  of  them  are 
adapted  to  popular  as  well  as  professional  readers.  The  treatise 
is  a  valuable  contribution  to  sanitary  literature  in  that  it  is  a 
presentation  of  the  subjects  in  the  light  of  our  present  knowledge, 
by  recognized  authorities.  w.  h.  b. 
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Art.  XLI. — History  and  Methods  of  Palceontological  Discovery; 
by  O.  0.  Mabsh. 

[Presidential  A.ddreBS  before  the  American  Association  for  the  Advancement  of 
Science,  at  Saratoga,  New  York,  August  28,  1879.] 

In  the  rapid  progr^  of  knowledge,  we  are  constantly 
brought  face  to  face  with  the  question,  What  is  Life  ?  The 
answer  is  not  yet,  but  a  thousand  earnest  seekers  after  truth 
seem  to  be  slowly  approaching  a  solution.  This  question  gives 
a  new  interest  to  every  department  of  science  that  relates  to 
life  in  any  form,  and  the  history  of  life  oflEers  a  most  sug- 
gestive field  for  research.  One  line  of  investigation  lies 
through  embryology,  and  here  the  advance  is  most  encourag- 
ing. Another  promising  path  leads  back  through  the  life 
history  of  the  globe,  and  in  this  direction  we  may  hope  for 
increasing  light,  as  a  reward  for  patient  work. 

The  plants  and  animals  now  living  on  the  earth  interest  alike 
the  savage  and  the  savant,  and  hence  have  been  carefully 
observed  in  every  age  of  human  histoiy.  The  life  of  the 
remote  past,  however,  is  preserved  onljr  in  scanty  records, 
buried  in  the  earth,  and  tnerefore  readily  escapes  attention. 
For  these  reasons,  the  study  of  ancient  life  is  one  of  the  latest 
of  modem  sciences,  and  among  the  most  diflScult.  In  view  of 
the  great  advances  which  this  department  of  knowledge  has 
made  within  the  last  decade,  especially  in  this  country,  I  have 
thought  it  fitting  to  the  present  occasion  to  review  briefly 
its  development,  and  have  chosen  for  my  subject  this  even- 
ing, The  Histobt  and  Methods  or  Pal^ontological 
Discovery. 

Am.  Joub.  Soi.— Third  Sbribs,  Vol.  XVUL— No.  107,  Nov.,  1879. 
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In  the  short  time  now  at  my  command,  I  can  only  attempt 
to  present  a  rapid  sketch  of  the  principal  steps  in  the  progresB 
of  this  science.  The  literature  of  the  subiect,  especialJ^'^  in 
connection  with  the  discussions  it  provoked,  is  volnminoiu, 
and  an  outline  of  the  history  itself  must  suflJce  for  my  present 
purpose. 

In  looking  over  the  records  of  Palaaontology,  its  history  may 
conveniently  be  divided  into  four  periods,  well  marked  by 
prominent  features,  but,  like  all  stages  of  intellectual  growth, 
without  definite  boundaries. 

The  ji/rst  period^  dating  back  to  the  time  when  men  first 
noticed  fossil  remains  in  the  rocks,  and  queried  as  to  their 
nature,  is  of  special  historic  interest.  The  most  prominent 
characteristic  of  this  ^riod  was,  a  long  and  bitter  contest  as 
to  the  naimre  of  fossd  refrnams.  Were  they  mere  "  sports  of 
Nature,"  or  had  they  once  been  endowed  witn  life  %  Smiple  as 
this  problem  now  seems,  centuries  passed  before  the  wise  men 
of  that  time  were  agreed  upon  its  solution. 

Sea  shells  in  the  solid  rock  on  the  tops  of  mountains  early 
attracted  the  attention  of  the  ancients,  and  the  learned  men 
among  them  seem  to  have  appreciated  in  some  instances  their 
true  character,  and  given  rational  explanations  of  their  presence. 

The  philosopher  Zenophanes,  of  Colophon,  who  lived  about 
500  B.  C,  mentions  the  remains  of  fishes  and  other  animals 
in  the  stone  quarries  near  Syracuse;  the  impression  of  an 
anchovy  in  the  rock  of  Paros,  and  various  marine  fossils  at 
other  places.  His  conclusion  from  these  facts  was,  that  the 
surface  of  the  earth  had  once  been  in  a  soft  condition  at  the 
bottom  of  the  sea;  and  thus  the  objects  mentioned  were 
entombed.  Herodotus,  half  a  century  later,  speaks  of  marine 
shells  on  the  hills  of  Egypt,  and  over  the  Libyan  desert,  and  he 
inferred  therefrom  that  the  sea  had  once  covered  that  whole 
region.  Empedocles,  of  Agrigentum  (450  B.  CA  believed 
that  the  many  hipj^potamus  bones  found  in  Sicily  were 
remains  of  human  giants,  in  comparison  with  which  the  pres- 
ent race  were  as  children.  Here,  he  thought,  was  a  battle 
field  between  the  gods  and  the  Titans,  and  the  bones  belonged 
to  the  slain.  Pymagoras  (582  B.  C.)  had  abeady  anticipated 
one  conclusion  of  modem  geology,  if  the  following  statement, 
attributed  to  him  by  Ovid,  was  his  own  :* 

Vidi  ego  quod  faerat  solidissima  tellus, 
Esse  fi*etum :  vidi  faotas  ex  ssquore  terras ; 
Et  procul  a  pelago  conchae  jacuere  marin®. 

♦  Metamorphoses,  Liber  XV,  262. 
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Arifltotle  (384-822  B.  C.)  was  not  only  aware  of  the  exist- 
ence of  f  ofisils  in  the  rocks,  bnt  has  also  placed  on  record  saga- 
cious views  as  to  the  chan^  in  the  earth's  surface  necessaiy 
to  account  for  them.  In  l£e  second  book  of  his  Meteorics,  he 
says :  ^^  The  changes  of  the  earth  are  so  slow  in  comparison  to 
the  duration  of  our  lives,  that  thej  are  overlooked ;  and  the 
migrations  of  people  after  great  catastrophes  and  their  removal 
to  other  regions,  cause  the  event  to  be  forgotten."  Again,  in 
the  same  work,  he  says :  ^^  Afi  time  never  fails,  and  the  universe 
is  eternal,  neitiber  the  Tanais,  nor  the  Nile,  can  have  flowed 
for  ever.  The  places  where  tibey  rise  were  once  dry,  and  there 
is  a  limit  to  their  operations :  out  there  is  none  to  time.  So 
of  all  other  rivers ;  they  spring  up,  and  they  perish ;  and  the 
sea  also  continually  deserts  some  lands  and  invades  others. 
The  same  tracts,  therefore,  of  the  earth  are  not,  some  always 
sea,  and  others  always  continents,  but  everything  changes  m 
the  course  of  time." 

Aristotle's  views  on  the  subject  of  spontaneous  generation 
were  less  sound,  and  his  doctrines  on  this  subject  exerted  a 
powerfxd  influence  for  the  succeeding  twenty  centuries.  In 
the  long  discussion  that  followed  concerning  the  nature  of 
fossil  remains,  Aristotle's  views  were  paramount.  He  believed 
that  animals  could  originate  from  moist  earth  or  the  slime  of 
rivers,  and  this  seemed  to  the  people  of  that  period  a  much 
simpler  way  of  accounting  for  the  remains  of  animals  in  the 
rocks  than  the  marvelous  changes  of  sea  and  land  otherwise 
required  to  explain  their  presence.  Aristotle's  opinion  was  in 
accordance  with  the  Biblical  account  of  the  creation  of  Man 
out  of  the  dust  of  the  earth,  and  hence  more  readily  obtained 
credence. 

Theophrafitus,  a  pupil  of  Aristotle,  alludes  to  fossil  fishes 
found  near  Heraclea,  m  Pontus,  and  in  Paphlagonia,  and  says : 
"They  were  either  developed  from  fish  spawn  left  behind  in 
the  earth,  or  gone  astrav  from  rivers  or  the  sea  into  cavities  of 
the  earth,  where  they  had  become  petrified."  In  treating  of 
fossil  ivory  and  bones,  the  same  writer  supposed  them  to  be 
produced  oy  a  certain  plastic  virtue  latent  m  the  earth.  To 
this  same  cause,  as  we  shall  see,  many  later  authors  attributed 
the  origin  of  all  fossil  remains. 

Previous  to  this,  Anaximander,  the  Miletian  philosopher, 
who  was  bom  about  610  years  before  Christ,  haa  expressed 
essentially  the  same  view.  According  to  both  Plutarch  and 
Censorinus,  Anaximander  taught  that  fishes,  or  animals  very 
like  fishes,  sprang  from  heated  water  and  earth,  and  from  these 
animals  came  the  human  race ;  a  statement  which  can  hardly 
be  considered  as  anticipating  the  modem  idea  of  evolution,  as 
some  authors  have  imagined 
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The  Komans  added  but  little  to  the  knowledge  possessed  by 
the  Greeks  in  regard  to  fossil  remains.  Pliny  (23-79  A.  D), 
however,  seems  to  have  examined  such  ohjects  with  interest, 
and  in  his  renowned  work  on  Natural  History  gave  names 
to  several  forms.  He  doubtless  borrowed  largelv  from  Theo- 
phrastus,  who  wrote  about  three  hundred  years  beK^re.  Among 
the  objects  named  by  Pliny  were, ''  JBtu>ardia^  like  to  an  ox's 
heart  f  "  BronUa^  resembling  the  head  of  a  tortoise,  supposed 
to  fall  in  thunder  storms;"  ''^Glossoptraj  similar  to  a  numan 
tongue,  which  does  not  grow  in  the  earth,  but  falls  from 
lieaven  while  the  moon  is  eclipsed  ;"  "  the  Horn  of  Ammon^ 
possessing,  with  ia.  golden  color,  the  figure  of  a  ram's  horn ;" 
Cercmrda  and  Orrwria^  supposed  to  be  thunderbolts;  Ostror 
cites^  resembling  the  oyster  shell ;  Sponffites,  having  the  form 
of  sponge ;  Pm/oites,  similar  to  sea-weed  or  rushes.  He  also 
mentions  stones  resembling  the  teeth  of  hippopotamus;  and 
says  that  Theophrastus  speaks  of  fossil  ivory,  botihi  black  and 
white,  of  bones  bom  in  the  earth,  and  of  stones  bearing  the 
figure  of  bones. 

TertulUan  (160  A.  D.)  mentions  instances  of  the  remains 
of  sea  animals  on  the  mountains,  far  from  the  sea,  but  uses 
them  as  a  proof  of  the  general  deluge  recorded  in  Scripture. 

During  the  next  thirteen  or  fourteen  centuries,  fossil  remains 
of  animsSs  and  plants  seemed  to  have  attracted  so  little  atten- 
tion, that  few  references  are  made, to  them  bv  the  writers  of 
this  period.  During  these  ages  of  darkness,  all  departments  of 
knowledge  suffered  alike,  and  feeble  repetitions  of  ideas  de- 
rived from  the  ancients  seem  to  have  been  about  tibie  only 
contributions  of  that  period  to  Natural  Science. 

Albert  the  Great  (1205-1280  A.  D.),  the  most  learned  man 
of  his  time,  mentions  that  a  branch  of  a  tree  was  found,  on 
which  was  a  bird's  neet  containing  birds,  the  whole  bein^  solid 
stone.  He  accounted  for  this  strange  phenomenon  bythe  vis 
formati/va  of  Aristotle,  an  occult  force,  which,  according  to  the 
prevalent  notions  of  the  time,  was  capable  of  forming  most  of 
the  extraordinary  objects  discovered  in  the  earth. 

Alexander  ai  Alexandro,  of  Naples,  states  that  he  saw,  in 
the  mountains  of  Calabria,  a  considerable  distance  from  the 
sea,  a  variegated  hard  marble,  in  which  many  sea  shells  but 
little  changed  were  heaped,  forming  one  mass  with  the  marble. 

With  the  beginning  of  the  sixteenth  century,  a  great  impetus 
was  given  to  the  investigation  of  organic  fossils,  especially  in 
Italy,  where  this  studj^  really  began.  The  discovery  of  fossil 
sheUs,  which  aboimd  m  this  region,  now  attracted  great  atten- 
tion, and  a  fierce  discussion  soon  arose  as  to  the  true  nature  of 
these  and  other  remains.     The  ideas  of  Aristotle  in  regard  to 
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spontaneoufl  generation,  and  especially  his  view  of  tlie  hidden 
forces  of  the  earth,  which  he  claimed  had  power  to  produce 
such  remains,  now  for  the  first  time  were  seriously  ques- 
tioned, although  it  was  not  till  nearly  two  centuries  later  that 
these  doctrines  lost  their  dominant  influenca 

Leonardo  da  Vinci,  the  renowned  painter  and  philosopher, 
who  was  bom  in  1452,  strongly  opposed  the  commonly^  accepted 
opinions  as  to  the  origin  of  organized  fossils.  He  claimed  that 
the  fossil  shells  under  discussion  were  what  they  seemed,  and 
had  once  lived  at  the  bottom  of  the  sea.  "  You  tell  me,"  he 
says,  "  that  Nature  and  the  influence  of  the  stars  have  formed 
these  shells  in  the  mountains ;  then  show  me  a  place  in  the 
mountains  where  the  stars  at  the  present  dajr  make  shelly  forms 
of  different  ages,  and  of  different  species  m  the  same  place." 
Again,  he  says,  ''In  what  manner  can  such  a  cause  account 
for  the  petrifactions  in  the  same  place  of  various  leaves,  sea- 
weeds, and  marine  crabs  ?" 

In  1517,  excavations  in  the  vicinity  of  Verona  brought  to 
light  many  curious  petrifactions,  which  led  to  much  specu- 
lation as  to  their  nature  and  origin.  Among  the  various 
authors  who  wrote  on  this  subject  was  Fracastoro,  who  declared 
that  the  fossils  once  belom^d  to  living  animals,  which  had 
lived  and  multiplied  where  K)und.  He  ridiculed  the  prevailing 
ideas  that  the  plastic  force  of  the  ancients  could  fashion  stones 
into  organic  forms.  Some  writers  claimed  that  these  shells 
had  been  left  by  Noah's  flood,  but  to  this  idea  Fracastoro 
offered  a  mass  oi  evidence,  which  would  now  seem  conclusive, 
but  which  then  only  aroused  bitter  hostility.  That  inundation, 
he  said,  was  too  transient ;  it  consisted  mainly  of  fresh  water ; 
and  if  it  had  transported  shells  to  great  distances,  must  have 
scattered  them  over  the  surface,  not  buried  them  in  the 
interior  of  mountains. 

Conrad  Gesner  (1516-1565\  whose  history  of  animals  has 
been  considered  the  basis  oi  modem  zoology,  published  at 
Zurich  in  1565  a  small  but  important  work  entitled  "2?^  omni 
rerum  fonmlvwm  qenereP  It  contained  a  catalogue  of  the 
collection  of  fossils  made  by  John  Kentmann.  This  is  the 
oldest  catalogue  of  fossils  witn  which  I  am  acquainted. 

George  Agricola  (14:94r-1555)  was,  according  to  Cuvier,  the 
first  mineralogist  who  appeared  after  the  revival  of  learning  in 
Europe.  In  nis  great  work,  "2?^  Re  MeiaUica^'^  published  in 
1546,  he  mentions  various  fossil  remains,  and  says  they  were 
produced  by  a  certain  "  materia  pinguis^^^  or  fatty  matter,  set 
m  fermentation  by  heat.  Some  years  later,  Bauhm  published 
a  descriptive  catalogue  of  the  fossils  he  had  collected  in  the 
neighborhood  of  BSi,  in  Wurtemberg.* 

*  Biatoria  novi  et  admirabiUa  IbrUu  Balneique  BoUenaiSf  in  Dueatu  Wirttm- 
bergico.    MotUb&iard^  1593. 
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Andrew  Mattioli,  a  distinguished  botanist,  adopted  Agricola's 
notion  as  to  the  origin  of  organized  fossils,  but  admitted  that 
shells  and  bones  might  be  turned  into  stone  by  being  permeated 
by  a  "lapidifying  juice."  Falloppio,  the  eminent  professor 
of  anatomy  at  Padua,  belieyed  that  fossil  shells  were  generated 
bv  fermentation  where  they  were  found  ;  and  that  the  tusks  of 
elephants,  dug  up  near  Apulia,  were  merehr  earthy  concretions. 
Mercati,  in  1574,  published  figures  of  the  iomi  shells  preserved 
in  the  Museum  of  the  Vatican,  but  expressed  the  opmion  that 
they  were  onljr  stones,  that  owed  their  peculiar  shapes  to  the 
heavenly  bodies.  Olivi,  of  Cremona,  described  the  fossils  in 
the  Museum  at  Verona,  and  considered  them  all  "sports  of 
nature." 

Palissy,  a  French  author,  in  1680,  opposed  these  views,  and 
is  said  to  have  been  the  first  to  assert  m  Paris  that  fossil  shells 
and  fishes  had  once  belonged  to  marine  animals.  Fabio  Colonna 
appears  to  have  first  pointed  out  that  some  of  the  fossil  shells 
found  in  Italy  were  marine,  and  some  terrestrial. 

Another  peculiar  theory  discussed  in  the  sixteenth  centuiy 
deserves  mention.  This  was  the  vegetation  theory,  especially 
advocated  by  Toumefort  and  Camerarius,  both  eminent  as 
botanists.  These  writers  believed  that  the  seeds  of  minerals 
and  fossils  were  diffused  throughout  the  sea  and  the  earth,  and 
were  developed  into  their  peculiar  forms  by  the  regular  incre- 
ment of  their  particles,  similar  to  the  formation  of  aystals. 
"How  could  the  Gormi  AmmoniSj^  Toumefort  asked,  "which 
is  constantly  in  the  figure  of  a  volute,  be  formed  without  a 
seed  containing  the  same  structure  in  the  small,  as  in  the 
larger  forms  ?  Who  moulded  it  so  artfuUjr,  and  where  are  the 
moulds  ? "  The  stalactites  which  formed  m  caverns  in  various 
parts  of  the  world  were  also  supposed  to  be  proofis  of  this 
vegetative  growth. 

Still  anotner  theory  has  been  held  at  various  times,  and  is 
not  vet  entirely  forgotten,  namelv:  that  the  Creator  made 
fossil  animals  and  plants  just  as  tney  are  found  in  the  rocks, 
in  pursuance  of  a  plan  oeyond  our  comprehension.  This 
theory  has  never  prevailed  among  those  familiar  with  scientific 
facts,  and  hence  needs  here  no  fmiher  consideration. 

An  interest  in  fossil  remains  arose  in  England  later  than  on 
the  continent;  but  when  attention  was  directed  to  them, 
the  first  opinions  as  to  their  origin  were  not  less  fanciful  and 
erroneous  than  those  to  which  we  have  already  referred.  Dr. 
Plot,  in  his  "Natural  History  of  Oxfordshire,"  published  in 
1677,  considered  the  origin  of  fossil  shells  and  fishes  to  be  due 
to  a  "  plastic  virtue,  latent  in  the  earth,''  as  Theophrastus  had 
•si^gested  long  before.  Lhwyd,  in  his  ^^LUhaphylacii  BrUan- 
nioi  Ichnographia^^^  published  at  Oxford  in  1699,  gives  a  cata- 
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logae  of  Engliflh  f oflsUfi  contaiiied  in  the  Ashmolean  Musetim. 
He  oppoBed  the  vis  plastica  theory,  and  expressed  the  opinion 
that  the  spawn  of  £dies  and  other  marine  animalfl  had  been 
raised  witn  the  vapors  from  the  sea,  conveyed  inland  by  clouds, 
and  deposited  by  rain,  had  permeated  into  the  interior  of  the 
earth,  and  thus  produced  the  fossil  remains  we  find  in  the 
rocks.  About  this  time  several  important  works  were  pul> 
lished  in  England  by  Dr.  Martin  Listerp  which  did  much  to 
infuse  a  true  knowledge  of  fossil  remams.  He  ^ve  figures 
of  recent  shells  side  by  side  with  some  of  the  fossil  forms,  so 
that  the  resemblance  became  at  once  apparent  The  fossil 
species  of  shells  he  called  "turbinated  and  bivalve  stones," 
and  adds,  "  either  these  were  terriginous,  or,  if  otherwise,  the 
animals  which  they  so  exactly  represent  have  become  extinct." 

During  the  seventeenth  century  there  was  a  considerable 
advance  in  the  study  of  fossil  remains.  The  discussions  in 
regard  to  the  nature  and  origin  of  these  objects,  had  called 
attention  to  them,  and  many  collections  were  now  made,  espe- 
cially^ in  Italy,  and  also  in  Germany,  where  a  strong  interest 
in  this  subject  had  been  aroused.  CataJofiues  of  these  collec- 
tions were  not  unfrequently  published,  aua  some  of  them  were 
illustrated  with  such  accurate  figures,  that  many  of  the  species 
can  now  be  readily  recognized.  In  this  century,  too,  an 
important  step  in  advance  was  made  by  the  collection  and 
description  of  fossils  from  particular  localities  and  regions,  in 
distinction  from  general  collections  of  curiosities. 

Casper  Schwemrfeld,  in  1600,  published  a  catalogue  of  the 
fossils  discovered  in  Silesia ;  in  1622,  a  detailed  description  of 
the  renowned  Museum  of  Calceolarius,  of  Verona,  appeared ; 
and  in  1642,  a  catalo^e  of  Besler's  collection.  Womuus's  catar 
logue  was  published  m  1652  ;  Spener's  in  1663  ;  and  Septala's 
in  1666.  A  description  of  the  Museum  of  the  King  of  Den- 
mark was  issued  in  1669 ;  Cottorp's  catalogue  in  1674 ;  and  that 
of  the  renowned  Kirscher  in  1678.  Dr.  Grew  gave  an  account 
in  1687  of  the  specimens  in  the  Museum  of  Gresham's  College 
in  England ;  and  in  1695,  Petiver  of  London  published  a  catar 
logue  of  his  very  extensive  collection.  A  catalogue  by  Fred. 
Lauchmund,  on  the  fossils  of  Hildeshein,  appeared  in  1669, 
and  the  fossils  of  Switzerland  were  described  by  John  Jacob 
W^ner  in  1689.  Among  similar  works,  were  the  dissertations 
of  Syer,  at  Frankfort,  and  Albertus,  at  Leipic, 

Steno,  a  Dane,  who  had  been  professor  of  anatomy  at  Padua, 

published,  in  1669,  one  of  the  most  important  works  of  this 

period.*    He  entered  earnestly  into  the  controversy  as  to  the 

origin  of  fossil  remains,  and  by  dissecting  a  shark  from  the 

*  De  adUdo  imtfra  aoUdum  naturdUter  contento. 
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Mediterranean,  proved  that  its  teeth  were  identical  with  Bome 
found  foBsil  in  Tuscany.  He  also  compared  the  fossil  shells 
found  in  Italy  with  existing  species,  and  pointed  out  their 
resemblance.  In  the  same  wort,  Steno  expressed  some  very 
important  views  in  regard  to  the  different  kinds  of  strata,  and 
their  origin,  and  first  placed  on  record  the  important  fact  that 
the  oldest  rocks  contam  no  fossils. 

Scilla,  the  Sicilian  painter,  published  in  1670  a  work  on  the 
fossils  of  Calabria,  well  illustrated.  He  is  very  severe  against 
those  who  doubted  the  organic  origin  of  fossils,  but  is  inclined 
to  consider  them  relics  of  the  Mosaic  deluce. 

Another  instance  of  the  power  of  the  misv^s  ruUvrcB  theory, 
even  at  the  close  of  the  seventeenth  century,  deserves  mention. 
In  the  year  1696,  the  skeleton  of  a  fossil  elephant  was  dug  up 
at  Tonna,  near  Gotha,  in  Germany,  and  was  described  by 
William  Ernest  Tentzel,  a  teacher  in  the  Gotha  Gymnasium. 
He  declared  the  bones  to  be  the  remains  of  an  animal  that  had 
lived  long  before.  The  Medical  Faculty  in  Gotha,  however, 
considered  the  subject,  and  decided  officially  that  this  specimen 
was  only  a  freak  of  nature. 

Besiae  the  authors  I  have  mentioned,  there  were  many 
others  who  wrote  about  fossil  remains  before  the  close  of  the 
seventeenth  centurv,  and  took  part  in  the  general  discussion  as 
to  their  nature  and  origin.  During  the  progress  of  this  con- 
troversy the  most  fantastic  theories  were  broached  and  stoutly 
defended,  and  although  refuted  from  time  to  time  by  a  few 
clear-headed  men,  continually  sprang  up  anew,  in  the  same  or 
modified  forms.  The  infiuence  of  Aristotle's  views  of  equivo- 
cal generation,  and  especially  the  scholastic  tendency  to  aispu- 
tation,  so  prevalent  during  the  middle  ages,  had  contributed 
largely  to  the  retardation  of  progress,  and  yet  a  real  advance 
in  knowledge  had  been  made.  The  long  contest  in  regard  to 
the  nature  of  fossil  remains  was  essentifuly  over,  for  the  more 
intelligent  opinion  at  the  time  now  acknowledged  that  these 
objects  were  not  mere  "  sports  of  nature,"  but  had  once  been 
endowed  with  life.  At  this  point,  therefore,  the  first  period 
in  the  history  of  Palasontology,  as  I  have  indicated  it,  may 
appropriately  end. 

It  is  true  that  later  still,  the  old  exploded  errors  about  the 
plastic  force  and  fermentation  were  from  time  to  time  revived, 
as  they  have  been  almost  to  the  present  day ;  but  learned  men, 
with  few  exceptions,  no  longer  seriously  questioned  that  fossils 
were  real  organisms,  as  the  ancients  had  once  believed.  The 
many  collections  of  fossils  that  had  been  brought  together,  and 
the  illustrated  works  that  had  been  published  about  them,  were 
a  foundation  for  greater  progress,  and,  with  the  eighteenth  cen- 
tury, the  second  period  m  the  history  of  Palaeontology  began. 
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The  main  characteristic  of  this  period  was  the  general  belief, 
that  foadl  remoMis  were  depositm  hy  the  Moacdc  deluge.  We 
have  seen  that  this  view  had  already  been  advanced,  but  it  was 
not  till  the  beginning  of  the  eighteenth  centnry  that  it  became 
the  prevailing  view.  This  doctrine  was  stroi^ly  opposed  by 
some  courageous  men,  and  the  discussion  on  the  subject  soon 
became  even  more  bitter  than  the  previous  one,  as  to  the 
nature  of  fossils. 

In  this  diluvial  discussion  theologians  and  Ic^ymen  alike  took 
part.  For  nearly  a  century  the  former  had  it  aU  their  own 
way,  for  the  general  public,  then  as  now,  believed  what  thev 
were  taught,  jtfoah's  nood  was  thought  to  have  been  universal, 
and  was  the  only  general  catastrophe  of  which  the  people  of 
that  day  had  any  knowledge  or  conception. 

The  scholars  among  them  were  of  course  familiar  with  the 
accoimts  of  Deucalion  and  his  ark,  in  a  previous  deluge,  as  we 
are  to-day  with  similar  traditions  held  by  various  races  of  men. 
The  firm  belief  that  the  earth  and  all  it  contains  was  created 
in  six  days ;  that  all  life  on  the  globe  was  destroyed  by  the 
delu^,  except  alone  what  Noah  saved;  and  that  the  earth 
and  its  inhabitants  were  to  be  destroyed  by  fire,  was  the  foun- 
dation on  which  all  knowled^  of  the  eartn  was  based.  With 
such  fixed  opinions,  the  fossil  remains  of  animals  and  plants 
were  naturally  regarded  as  relics  left  by  the  flood  described  in 
Holy  Writ.  The  dominant  nature  of  this  belief  is  seen  in 
nearly  all  the  literature  in  regard  to  fossils  published  at  this 
time,  and  some  of  the  works  which  then  appeared  have  become 
famous  on  this  account. 

In  1710,  David  Biittner  published  a  volume  entitled  ^^Budera 
DUvmi  Te%tesP  He  strongly  opposed  Lhwyd's  explanation 
of  the  origin  of  fossils,  and  referred  these  objects  directlj  to 
the  Flood.  The  most  renowned  work,  however,  of  this  time, 
was  published  at  Zurich,  in  1726,  by  Scheuchzer,  a  physician 
and  naturalist,  and  professor  in  the  University  of  Altorf .  It 
bore  the  title  ^^Homo  DH/uvU  TestiaP  The  specimen  upon 
which  this  work  was  based  was  found  at  Oeningen,  and  was 
regarded  as  the  skeleton  of  a  child  destroyed  by  the  Deluge. 
The  autiior  recognized  in  this  remarkable  fossil,  not  merely  tne 
skeleton,  but  also  portions  of  the  muscles,  the  liver,  and  the 
brain.  The  same  author  was  fortunate  enough  to  discover, 
subsequently,  near  Altorf,  two  fossil  vertebne,  which  he  at 
once  referred  to  that  "  Accursed  race  destroyed  by  the  Flood !" 
These,  also,  he  carefully  described  and  figured  in  his  ^^Phyaica 
Sacra^^^  published  at  Ulm  in  1781.  Engravings  of  both  were 
subsequently  given  in  the  "  Copper-Bible."  (Sivier  afterward 
examined  these  interesting  relics,  and  pronoxmced  the  skeleton 
of  the  supposed   child   to    be  the   remains   of  a  gigantic 


Digitized  by 


Google 


332  0.  C.  Marsh — History  and  Methods  of 

Salamander,   and    the    two    vertebrsd    to    be    those    of    an 
Ichthyosanrus  I 

Another  famous  book  appeared  in  Germany  ui  the  same  year 
in  which  Scheuchzer's  first  volume  was  published.  The  author 
was  John  Bartholomew  Adam  Beringer,  professor  at  the  Uni- 
versity of  Wiirtzburg,  and  his  great  worK*  indirectly  had  an 
important  influence  upon  the  investigation  of  fossil  remains. 
The  history  of  the  work  is  instructive,  if  only  as  an  indication 
of  tiie  state  of  knowledge  at  that  date.  Professor  Berineer,  in 
accordance  with  views  of  his  time,  had  taught  his  pupilb  that 
fossil  remains,  or  "  figured  stones,''  as  they  were  called,  were 
mere  ^^  sports  of  natm^''  Some  of  his  fun-loving  students 
reasoned  among  themselves,  "If  Nature  can  make  figured 
stones  in  sport,  why  cannot  we  ?"  Accordingly,  from  the  soft 
limestone  in  the  neighboring  hills,  they  carved,  out  figures  of 
marvelous  and  fantastic  forms,  and  buried  them  at  the  localities 
where  the  learned  Professor  was  accustomed  to  dig  for  his 
fossil  treasures.  His  delight  at  the  discovery  of  these  strange 
forms  encouraged  further  production,  and  taxed  the  ingenuity 
of  these  youthful  imitators  of  Nature's  secret  processes.  At 
laist  Beringer  had  a  large  and  unique  collection  of  forms, 
new  to  him,  and  to  science,  which  he  determined  to  publish  to 
the  world.  After  long  and  patient  study,  his  work  appeared, 
in  Latin,  dedicated  to  the  reigning  prince  of  the  country,  and 
illustrated  with  twenty-one  f 3io  plates.  Soon  after  the  book 
was  published,  the  deception  practiced  upon  the  credulous 
Professor  became  known;  and,  in  place  of  the  glory  he  ex- 
pected from  hisjgreat  undertaking,  ne  received  only  ridicule 
and  disgrace.  He  at  once  endeavored  to  repurchase  and 
destroy  the  volumes  alreadv  issued,  and  succeeded  so  far  that 
few  copies  of  the  first  emtion  remain.  His  small  fortune, 
which  had  been  seriously  impaired  in  bringing  out  his  grand 
work,  was  exhausted  in  the  effort  to  regain  wnat  was  already 
issued,  as  the  price  rapidly  advanced  in  proportion  as  fewer 
copies  remains;  and,  mortified  at  the  failure  of  his  life's 
work,  he  died  in  poveriy.  It  is  said  that  some  of  his  family, 
dissatisfied  with  the  misfortune  brought  upon  them  by  tms 
disgrace  and  the  loss  of  their  patrimony,  used  a  remaining  copy 
for  the  production  of  a  second  edition,  which  met  with  a  larse 
sale,  sufficient  to  repair  the  previous  loss,  and  restore  the 
family  fortune.  This  work  of  Wringer,  in  the  end,  exerted 
an  excellent  infiuence  upon  the  dawning  science  of  fossil 
remains.  Observers  became  more  cautious  in  announcing 
supposed  discoveries,  and  careful  study  of  natural  objects 
gradually  replaced  vague  hypotheses. 

♦  LWwgraphia  WtrceburgermSj  ducenUs  lapidum  flguratorwn,  a  potioriy  inseeti- 
formium^  prodigicms  imaginibua  exomaia,  Wircebmig^  1726.  Edit  IL  Franoo- 
furti  et  Lipaiae.    1767. 
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The  above  works,  however,  are  hardly  fair  examples  of  the 
literature  on  fossils  dnring  this  part  of  the  eighteenth  century. 
Scheuchzer  had  previouSv  published  his  well-known  "Com- 
plaint and  Vindication  of  tne  Fishes,"  illustrated  with  good 
plates.  Moro,  in  his  work  on  "Marine  Bodies  which  are 
found  in  the  Mountains,"  1740,  showed  the  effects  of  volcanic 
action  in  elevating  strata,  and  causing  faults.  Yallisneri  had 
studied  with  care  the  marine  deposite  of  Italy.  Donati,  in 
1750,  had  investigated  the  Adriatic,  and  ascertained  by  sound- 
ings that  sheUs  and  corals  were  being  imbedded  in  the  deposits 
there,  just  as  they  were  found  in  the  rocks. 

John  Gesner's  dissertation,  "J?^  Petrificatds,^^  published  at 
Leyden  in  1768,  was  a  valuable  contribution  to  the  science. 
He  enumerated  the  various  kinds  of  fossils,  and  the  different 
conditions  in  which  they  are  found  petrified,  and  stated  that 
some  of  them,  like  those  at  Oeningen,  resembled  the  shells, 
fishes,  and  plants  of  the  neighboring  region,  while  others,  such 
as  Ammonites  and  Belemnites,  were  either  unknown  species,  or 
those  found  only  in  distant  seas.  He  discusses  the  structure  of 
the  earth  at  length,  and  speculates  as  to  the  causes  of  changes  in 
sea  and  land.  He  estimates  that,  at  the  observed  rate  of  reces- 
sion of  the  ocean,  to  allow  the  Appenines,  whose  summits  are 
filled  with  marine  shells,  to  reach  tneir  present  height,  would 
have  taken  about  eighty  thousand  years,  a  period  more  than 
"ten  times  greater  than  the  age  of  the  imiverse."  He  accord- 
ingly refers  the  change  to  the  direct  command  of  the  Deity, 
as  related  by  Moses,  tiiat,  "The  waters  should  be  gathered 
together  in  one  place,  and  the  drv  land  appear." 

Voltaire  ^1694-1778),  discussed  ^logical  questions  and  the 
nature  of  lossils  in  several  of  his  works,  but  his  published 
opinions  are  far  from  consistent.  He  ridiculed  effectively  and 
justly  the  coslnogonists  of  his  day,  and  showed,  also,  that  he 
tnew  the  true  nature  of  organic  remains.  Finding,  however, 
that  theologians  used  these  objects  to  confirm  the  Scriptural 
account  of  me  delu^,  he  changed  his  views,  and  accounted  for 
fossil  shells  found  m  the  Alps,  by  suggesting  that  they  were 

the  pih 


Eastern  species,  dropped  by  the  pilgrims  on  their  return  from 
the  Holy  Land  1 

Buffon,  in  1749,  published  his  important  work  on  Natural 
History,  and  included  in  it  his  "Theory  of  the  Earth,"  in 
which  ne  discussed,  with  much  ability,  many  points  in  Gteology. 
Soon  after  the  book  was  published,  he  received  an  official  letter 
from  the  Faculty  of  Theology  in  Paris,  stating  that  fourteen 
propositions  in  nis  works  were  reprehensible,  and  contrary  to 
the  creed  of  the  church.  The  firet  objectionable  proposition 
was  as  follows:  "The  waters  of  the  sea  have  produced  the 
mountains  and  valleys  of  the  land, — ^the  waters  of  the  heavens 
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reducing  all  to  a  level,  will  at  last  deliver  the  whole  land  over 
to  the  sea,  and  the  sea  successively  prevailing  over  the  land, 
will  leave  dry  new  continents  like  those  we  inhabit." 

BuflEon  was  politely  requested  by  the  college  to  recant,  and 
having  no  particular  desire  to  be  a  martyr  to  science,  submitted 
the  following  declaration,  which  he  was  required  to  publish  in 
his  next  work :  "  I  declare  that  I  had  no  intention  to  contra- 
dict the  text  of  Scripture  ;  that  I  believe  most  firmly  all 
therein  related  about  the  creation,  both  as  to  order  of  time  and 
matter  of  fact ;  and  I  abandon  everything  in  my  book  respect- 
ing the  formation  of  the  earth,  and,  generally,  all  whidi  may 
be  contrary  to  the  narration  of  Moses.''^ 

This  single  instance  will  suffice  to  indicate  one  great  obsta- 
cle to  the  aiivancement  of  science,  even  up  to  the  middle  of 
the  eighteenth  century. 

Another  important  work  appeared  in  France  about  this  time, 
Bourguet's  ''Traite  des  Pe:tr^actAons^'*  published  in  1758,  which 
is  wen  illustrated  with  faithful  plates.  In  England,  a  disconrse 
on  earthquakes,  by  Dr.  Kobert  Hooke,  was  published  in  1705. 
This  author  held  some  views  in  advance  of  his  time,  and  maui- 
tained  that  figured  stones  were  "  really  the  several  bodies  they 
represent  or  the  moldings  of  them  petrified,  and  not,  as  some 
have  imagined,  a  Vusus  noMiras^  sporting  herself  in  the  needless 
formation  of  useless  things."  He  anticipates  one  important 
conclusion  from  fossils,  when  he  states  that  "  though  it  must 
be  very  difficult  to  read  them  and  to  raise  a  chronology  out  of 
them,  and  to  state  the  intervals  of  time  wherein  sucn  or  such 
catastrophes  and  mutations  have  happened,  yet  it  is  not  im- 
possible." He  also  states  that  fossil  turtles,  and  such  laiw 
Ammonites  as  are  found  in  Portland,  seem  to  have  been  tie 
productions  of  hotter  cotintries,  and  hence  it  is  necessary  to 
suppose  that  England  once  lay  under  the  sea  within  the  torrid 
zone.  He  seems  to  have  suspected  that  some  of  the  fossils  of 
England  belonged  to  extinct  species,  but  thought  they  might 
possibly  be  found  living  in  the  bottom  of  distant  oceans. 

Dr.  Woodward's  "Natural  History  of  the  Fossils  of  Eng- 
land" appeared  in  1729.  This  work  was  based  on  a  systematic 
collection  of  fossils  which  he  had  brought  together,  and  which 
he  subsequently  bequeathed  to  the  University  of  Cambridge, 
where  it  is  still  preserved,  with  his  arrangement  carefimy 
retained.  This  descriptive  part  of  this  work  is  interesting,  but 
his  conclusions  are  made  to  coincide  strictly  with  the  Scriptural 
account  of  the  creation  and  deluge.  He  had  previously  stated, 
in  another  work,  that  he  believM,  "the  whole  terrestrial  globe 
to  have  been  taken  to  pieces  and  dissolved  at  the  flood,  and  the 
strata  to  have  settled  down  from  this  promiscuous  mass."  In 
support  of  this  view,  he  stated  that,  "Marine  bodies  are  lodged 
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in  the  strata  according  to  the  order  of  their  gravity,  the  heavier 
shells  in  stones,  the  l^hter  in  chalk,  and  so  of  the  rest."* 

The  most  important  work  on  fossils  published  in  Germany 
at  this  time,  was  that  of  George  Wolfing  Knorr,  which  was 
continued  after  his  death  by  W  alch.  This  work  consisted  of 
four  folio  volumes,  with  many  plates,  and  was  printed  at 
Nuremberg,  1755-73.  A  large  nimiber  of  fossils  were  accu- 
rately figured  and  described,  and  the  work  is  one  of  permanent 
value.f  A  French  translation  of  this  work  appeared  in 
1767-78.  Burton's  ^'Oryctographie  de  BruxeUes^^^  I'lM^  con- 
tains figures  and  descriptions  of  fossils  found  in  Belgium. 

AbrSiam  Gottlieb  Werner  (1750-1817),  Professor  of  Min- 
eralogy at  Freyberg,  did  much  to  advance  the  science  of 
Geology,  and  indirectly,  that  of  fossils.  He  first  indicated  the 
relations  of  the  main  lormations  to  each  other,  and,  according 
to  his  pupil.  Professor  Jameson,  first  made  the  highly  important 
observation  "that  diflEerent  formations  can  be  discriminated 
by  the  petrifactions  they  contain."  Moreover,  "that  the  petri- 
factions contained  in  the  oldest  rocks  are  very  different  from 
any  of  the  species  of  the  present  time ;  that  the  newer  the 
formation,  the  more  do  the  remains  approach  in  form  to  the 
organic  beings  of  the  present  creation."  Unfortunately, 
Werner  published  little,  and  his  doctrines  were  mainly  dis- 
seminated by  his  enthusiastic  pupils. 

The  great  contest  between  tne  Vulcanists  and  the  Neptunists 
started  at  this  time,  niainly  through  Werner,  whose  doctrines 
led  to  the  controversy.  Tiie  comparative  merits  of  fire  and 
water,  as  agencies  in  the  formation  of  certain  rocks,  were  dis- 
cussed with  a  heat  and  acrimony  characteristic  of  the  subject 
and  the  time.  Werner  believed  in  the  aqueous  theory,  while 
the  igneous  theoiy  was  especially  advocated  by  Hutton  of  Edin- 
burgh, and  his  illustrator,  Playfair.  This  discussion  resulted 
in  the  advancement  of  descriptive  geology,  but  the  study  of 
fossils  gained  little  thereby. 

The  ^'ProtogcBa^^  of  Leibnitz,  the  great  mathematician,  pub- 
lished in  1749,  about  thirty  vears  after  his  death,  was  a  work 
of  much  merit.  This  author  supposed  that  the  earth  had 
gradually  cooled  from  a  state  of  igneous  fusion,  aod  was  subse- 
quently covered  with  water.  The  subsidence  of  the  lower  part 
of  the  earth,  the  deposits  of  sedimentary  strata  from  inunda- 
tions, and  their  induration,  as  well  as  other  changes,  followed. 
All  this,  he  supposed  to  have  been  accomplished  m  a  period  of 
six  natxiral  days.  In  the  same  work  Leibnitz  shows  that  he 
had  examined  fossils  with  considerable  care. 

*  Esaay  towards  a  Natural  History  of  the  Earth.     1696. 
f  Lapides  ex  cdeberr.  viror.  aerUeniia  dihivii  tmiveraaiis  testes^  quos  in  ordines  ac 
species  distribuit^  suis  colorihus  expremit^  etc.    272  Tab.    1765-73. 
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linnffiiis  (1707-1778),  the  famous  Swedish  botanist,  and  tiie 
founder  of  the  modem  system  of  nomenclature  in  Katnral 
History,  confined  his  attention  ahnost  entirely  to  the  living 
forms.  Although  he  was  familiar  with  the  literature  of  f ossS 
remains,  and  h^  collected  them  himself,  he  did  not  indade 
them  in  his  system  of  plants  and  animalfiL  but  kept  them  sepa- 
rate, with  the  minerals ;  hence  he  did  little  direcuy  to  advance 
this  branch  of  science. 

During^  the  last  quarter  of  the  eighteenth  century,  the  belief 
that  fossil  remains  were  deposit^  by  the  Deluge  sensibly 
declined,  and  the  dawn  of  a  new  era  gradually  appeared.  jJit 
us  pause  for  a  moment  here,  and  see  what  real  progress  had 
been  made ;  what  foundation  had  been  laid  on  which  to  estab- 
lish a  science  of  fossil  remains. 

The  true  nature  of  these  objects  had  now  been  clearly  deter- 
mined. They  were  the  remams  of  animals  and  plants.  Most 
of  them  cerUdnly  were  not  the  relics  of  the  Mosaic  Deluge, 
but  had  been  deposited  long  before,  part  in  fresh  water  and 
part  in  the  sea.  Some  indicated  a  mild  climate,  and  some  the 
tropics.  That  any  of  these  were  extinct  species,  was  as  yet 
only  suspected.  Large  collections  of  fossils  had  now  been 
made,  and  valuable  catalogues,  weU  illustrated,  had  been  pub- 
lished. Something  was  known,  too,  of  the  geological  position 
of  fossils.  Steno,  lon^  before,  had  observ^  that  the  lowest 
rocks  were  without  hfe.  Lehmann  had  shown  that  above 
these  primitive  rocks,  and  derived  from  them,  were  the  sec- 
ondary strata,  full  of  the  records  of  life ;  and  above  these  were 
alluvial  deposits,  which  he  referred  to  local  floods,  and  liie 
Deluge  of  Noah.  Bouelle,  Fuchsel,  and  Odoardi  had  shed 
new  nght  on  this  subject.  Werner  had  distinguished  the  tran- 
sition rocks,  contaimng  fossil  remains,  between  the  primitive 
and  the  secondary,  while  everything  above  the  chalk  he  grouped 
together,  as  the  "  overflowed  land.'^  Werner,  as  we  have  seep, 
hs3  done  more  than  this,  if  we  give  him  the  credit  his  pupils 
claim  for  him.  He  had  found  that  the  formations  he  examined 
contained  each  its  own  peculiar  fossils,  and  that  from  the  older 
to  the  newer  there  was  a  gradual  approach  to  recent  forms. 
William  Smith  had  worked  out  the  same  thing  in  England,  and 
should  equally  divide  the  honor  of  this  important  dis^very. 

The  greatest  advance,  however,  up  to  this  time,  was  that 
men  now  preferred  to  odserve^  rather  than  to  heUevey  and  facts 
were  held  in  greater  esteem  than  vague  speculations.  With 
this  preparation  for  future  progress,  the  second  period  in  the 
history  of  Paleontology,  as  I  mive  divided  it,  may  appropri- 
ately be  considered  at  an  end. 

Thus  far,  I  have  said  nothing  in  regard  to  one  branch  of 
my  subject,  the  methods  of  Pal»ontological  research,  for  up  to 
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this  time,  of  method  there  was  none.  We  have  seen  that  those 
of  the  ancients  who  noticed  marine  shells  in  the  solid  rock, 
called  them  such,  and  concluded  that  they  had  been  left  there 
by  the  sea.  The  discovery  of  fossils  led  directly  to  theories  of 
how  the  earth  was  formed.  Here  the  progress  was  slow. 
Subterranean  spirits  were  supposed  to  ffuard  faithfully  the 
mysteries  of  the  earth;  while  above  me  earth,  Authority 
guarded  with  still  greater  power  the  secrets  men  in  advance 
of  their  age  sought  to  know.  The  dominant  idea  of  the  first 
sixteen  centuries  of  the  present  era  was,  that  the  universe 
was  made  for  Man.  This  was  the  great  obstacle  to  the  correct 
determination  of  the  position  of  the  earth  in  the  universe,  and, 
later,  of  the  age  of  the  earth.  The  contest  of  Astronomy 
against  authority  was  long  and  severe,  but  the  victorv  was  at 
last  with  science.  The  contest  of  Geology  against  tne  same 
power  followed,  and  continued  almost  to  our  day.  The  result 
IS  still  the  same.  In  the  early  stages  of  this  contest,  there  was 
no  strife,  for  science  was  benumbed  by  the  embrace  of  supei> 
stition  and  creed,  and  little  could  be  done  till  that  was  cast  ofi. 
In  a  superstitious  age,  when  every  natural  event  is  referred  to 
a  supernatural  cause,  science  cannot  live :  and  often  as  the 
sacred  fire  may  be  kindled  by  courageous  farnseeing  souls,  will 
it  be  quenched  by  the  dense  mists  of  ignorance  around  it. 
Scarcely  less  fatal  to  the  growth  of  science  is  the  age  of 
Authority,  as  the  past  proves  too  well.  With  freedom  of 
thought,  came  definite  knowledge,  and  certain  progress ; — ^but 
two  mousand  years  was  long  to  wait. 

With  the  opening  of  the  present  century,  be^an  a  new  era 
in  PalflBontolocy,  which  we  may  here  distinguish  as  the  third 
period  in  its  history.  This  branch  of  knowledge  became  now 
a  science.  Method  replaced  disorder,  and  systematic  study 
superseded  casual  observation.  For  the  next  half  centuir  the 
advance  was  continuous,  and  rapid.  One  characteristic  of  this 
period  was,  the  aocfwrake  determma>tion  of  fossils  hy  compa/r- 
tson  with  Immg  forms.  This  will  separate  it  from  the  two 
former  epochs.  Another  distinctive  feature  of  this  period  was 
the  general  belief  that,  eoery  specieSy  recent  amd  extinct^  was 
a  separate  creation. 

At  the  very  bemnning  of  the  epoch  we  are  now  to  consider, 
three  names  stand  out  in  bold  relief:  Cuvier,  Lamarck,  ana 
William  Smith.  To  these  men,  the  science  of  palaeontology 
owes  its  oricin.  Cuvier  and  Lamarck,, in  France,  had  all  me 
power  which  great  talent,  education,  and  station  could  give ; 
William  Smith,  an  English  surveyor,  was  without  culture  or 
influence.  The  last  vears  of  the  eighteenth  century  had  been 
spent  by  each  of  these  men  in  preparation  for  his  chosen 


Digitized  by 


Google 


838  0.  C.  Marsh— History  and  Methods  of 

work,  and  the  reeultfl  were  now  given  to  the  world.  Ouvier 
laid  the  foundation  of  the  palsaontology  of  Vertebrate  aninialB ; 
Lamarck,  of  the  Invertebrates ;  and  Smith  establiehed  the  prin- 
ciples of  StratiOTaphical  PalcBontolocy.  The  investigator  of 
fossils  to-day  sddom  needs  to  consiut  earlier  authors  of  the 
science. 

George  Cuvier  (1769-1882),  the  most  famous  naturalist  of  his 
time,  was  led  to  the  study  of  extinct  animals  bv  ascertaining 
that  the  remains  of  fossil  elephants  he  examinea  were  extinct 
species.  "This  idea,"  he  says  later,  "which  I  announced  to 
the  Institute  in  the  month  of  January  1796,  opened  to  me 
views  entirely  new  respecting  the  theory  of  the  earth,  and 
determined  me  to  devote  mvself  to  the  lone  researches  and  to 
the  assiduous  labors  which  nave  now  occupied  me  for  twenty- 
five  years."* 

It  is  interesting  to  note  here  that  in  this  first  investi^tion 
of  fossil  vertebrates,  Cuvier  emplojred  the  same  method  that 
gave  him  such  important  results  in  his  later  researches.  Bemains 
of  elephants  had  been  known  to  Europe  for  centuries,  and  many 
authors,  from  PUny  down  to  the  contemporaries  of  Cuvier,  had 
written  about  them.  Some  had  regarded  the  bones  as  those  of 
human  giants,  and  those  who  recognized  what  they  were  consid- 
ered them  remains  of  the  elephants  imported  by  Hannibal  or 
the  Romans.  Cuvier,  however,  compared  the  fossils  directly 
with  the  bones  of  existing  elephants,  and  proved  them  to  be 
distinct.  The  fact  that  these  remains  belonged  to  extinct 
species  was  of  great  importance.  In  the  case  of  fossil  shells, 
it  was  difficult  to  say  that  any  particular  form  was  not  living  in 
a  distant  ocean ;  but  the  two  species  of  exiflting  elephants,  the 
Indian  and  the  African,  were  well  known,  and  Siere  was  hardly 
a  possibility  that  another  living  one  would  be  found. 

it  is  important  to  bear  in  mind,  too,  that  Cuvier's  preparation 
for  the  study  of  the  remains  of  animals  was  far  in  advance  of 
any  of  his  predecessors.  He  had  devoted  himself  for  years  to 
careful  dissections  in  the  various  classes  of  the  animal  kmgdom, 
and  was  really  the  founder  of  comparative  anatomy,  as  we  now 
understand  it.  Cuvier  investigated  the  different  groups  of  t^e 
whole  kingdom  with  care,  and  proposed  a  new  classification 
founded  on  the  plan  of  structure,  wmch  in  its  main  features  is 
the  one  in  use  to-day.  The  first  volume  of  his  Comparative 
Anatomy  appeared  in  1800,  and  the  work  was  completed  in 
five  volumes  in  1806. 

Previous  to  Cuvier,  the  only  general  catalogue  of  animals 
was  contained  in  Linn©us'  ^^Sj/stema  NaimriBP  Li  this  work, 
as  we  have  seen,  fossil  remains  were  placed  with  the  Minerals, 
not  in  their  appropriate  places  among  the  animals  and  plants. 

*  Ossemens  FossileSj  Seoond  Edition,  Vol.  I,  p.  178, 
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Cuvier  enriched  the  animal  kingdom  by  the  introduction 
of  fossil  forms  among  the  living,  bringing  all  together  into 
one  comprehensive  system.  lEs  ^eat  work,  "Z^  Regne 
Ani/malj^  appeared  in  four  volumes,  m  1817,  and  with  its  two 
subsequent  editions  remains  the  foundation  of  modem  zoology. 
Cuvier's  classic  work  on  vertebrate  foeeSlB—^^Heeherches  sur 
les  Ossemens  FosaUes^^  in  four  volumes,  appeared  in  1812-13. 
Of  this  work,  it  is  but  just  to  say  that  it  could  only  have  been 
written  by  a  man  of  genius,  profound  knowledge,  the  greatest 
industry,  and  with  the  most  favorable  opportunities. 

The  introduction  to  this  work  was  the  famous  "Discourse 
on  the  Kevolutions  of  the  Surface  of  the  Globe,'*  which  has 
perhaps  been  as  widely  read  as  any  other  scientific  essay.  The 
discovery  of  fossil  bones  in  the  gypsum  quarries  of  f^aris,  by 
the  workmen,  who  considered  them  human  remains ;  the  care- 
ful study  of  these  relics  by  Cuvier,  and  his  restorations  from 
them  of  strange  beasts  that  had  lived  long  before,  is  a  story 
with  which  you  are  all  familiar.  Cuvier  was  the  first  to  prove 
that  the  earth  had  been  inhabited  by  a  succeission  of  different 
series  of  animals,  and  he  believed  tnat  those  of  each  period 
were  peculiar  to  the  age  in  which  they  lived. 

In  looking  over  his  work  after  a  lapse  of  three-quarters  of  a 
century,  we  can  now  see  that  Cuvier  was  wrong  on  some 
important  points,  and  failed  to  realize  the  direction  in  which 
science  was  rapidly  tending.  With  all  his  knowledge  of  the 
earth,  he  could  not  free  himself  from  tradition,  and  believed  in 
the  universality  and  power  of  the  Mosaic. delude.  Again,  he 
refused  to  admit  the  evidence  brought  forward  by  his  distin- 
guished colleagues  against  the  permanence  of  species,  and  used 
all  his  great  influence  to  crush  out  the  doctrine  of  evolution, 
then  first  proposed.  Cuvier's  definition  of  a  species,  the  domi- 
nant one  for  half  a  century,  was  as  follows:  "A  species 
comprehends  all  the  individuals  which  descend  from  each 
other,  or  from  a  common  parentage,  and  those  which  resemble 
them  as  much  as  they  do  each  other," 

The  law  of  "Correlation  of  Structures,"  as  laid  down  by 
Cuvier,  has  been  more  widely  accepted  than  almost  any  thing 
else  that  bears  his  name ;  and  yet,  although  founded  in  truth, 
and  useful  within  certain  limits,  it  womd  certainly  lead  to 
serious  error  if  applied  widely  in  the  way  he  proposed. 

In  his  Discourse,  he  sums  this  law  as  follows :  "  A  claw,  a 
shoulder  blade,  a  condyle,  a  leg  or  arm  bone,  or  any  other  bone 
separately  considered,  enables  us  to  discover  the  description  of 
teeth  to  which  they  have  belonged;  so  also  reciprocally  we 
may  determine  the  form  of  the  other  bones  from  the  teeth. 
Thus,  commencing  our  investigation  by  a  careful  survey  of  any 
one  bone  by  itself,  a  person  who  is  suflidently  master  of  the 

Am.  Joub.  Sci.— Third  Sbribs,  Vol.  XVUI,  No.  107.— Nov.,  1879. 
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laws  of  organic  Btmcture,  may,  as  it  were,  reconstruct  the 
whole  animal  to  which  that  bone  had  belonged," 

We  know  to-day  that  unknown  extinct  ftTiima.lft  cannot  be 
restored  from  a  single  tooth  or  claw,  unless  they  are  very 
similar  to  forms  already  known.  Had  Cuvier,  himself,  applied 
his  methods  to  many  forms  from  the  early  Tertiary  or  older 
formations,  he  would  have  failed.  If,  for  instance,  he  had  had 
before  him  the  disconnected  fra^ents  of  an  Eocene  Tillodont, 
he  would  undoubtedly  have  r^erred  a  molar  tooth  to  one  of 
his  Pachyderms ;  an  incisor  tooth  to  a  Bodent ;  and  a  claw  bone 
to  a  Carnivore.  The  tooth  of  a  Hesperomis  would  have  given 
him  no  possible  hint  of  the  rest  of  the  skeleton,  nor  its  swim- 
ming feet  the  slightest  due  to  the  ostrich-like  stemimi  or  skulL 
And  yet,  the  earnest  belief  in  his  own  methods  led  Cuvier 
to  some  of  his  most  important  discoveries. 

Jean  Lamarck  (1744r-1829),  the  philosopher  and  naturalist, 
a  colleague  of  Cuvier,  was  a  learned  botanist  before  he  became 
a  zoologist.  His  researches  on  the  invertebrate  fossils  of  the 
Paris  Sasin,  although  less  striking,  were  not  less  important 
than  those  of  Cuvier  on  the  vertebrates;  while  the  conclu- 
sions he  derived  from  them  form  the  basis  of  modem  biology. 
Lamarck's  method  of  investigation  was  the  same,  essentially,  as 
that  used  by  Cuvier,  namely :  a  direct  comparison  of  f obsDs 
with  living  forms.  In  this  way,  he  soon  ascertained  that  the 
fossil  shells  imbedded  in  the  steita  beneath  Paris  were,  many 
of  them,  extinct  species,  and  those  of  different  strata  differea 
from  each  other.  His  first  memoir  on  this  subject  appeared 
in  1802,*  and,  with  his  later  works,  effected  a  revolution  in 
conchology^.  His  "  System  of  Invertebrate  Animals"  appeared 
the  year  oefore,  and  his  famous  '^PhUosophie  Zoologiqvs^^  in 
1809.  In  these  two  works,  Lamarck  first  announc^  me  princi- 
ples of  Evolution.  In  the  first  volimie  of  his  "  Natural  History 
of  Invertebrate  Animals,"t  he  gave  his  theory  in  detail ;  and 
to-day  one  can  only  read  with  astonishment  his  far-reaching 
anticipations  of  modem  science.  These  views  were  strongly 
supported  by  Geoffrey  Saint-Hilaire.  but  bitterly  opposedby 
Cuvier ;  and  their  great  contest  on  tnis  subject  is  wdl  known. 

In  looking  back  from  this  point  of  view,  the  philosophical 
breadth  of  Lamarck's  conclusions,  in  comparison  with  those 
of  Cuvier,  is  clearly  evident.  The  invertebrates  on  which 
Lamarck  worked  offered  less  striking  evidence  of  change  than 
the  various  animals  investi^ted  by  Cuvier;  yet  they  led 
Lamarck  directly  to  Evolution,  wmle  Cuvier  ignored  what 
was  before  him  on  this  point,  and  rejected  the  proof  offered 

♦  MSmoires  8W  lesfossiles  des  environs  de  Paris,    1802-6. 
f  Histoire  natwreUe  dea  amrnaux  sans  vertiibres.     7  vols.    PariSi  1815-1822. 
2d  edition.     11  toIs.     1835-1845. 
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by  others.  Both  pnrsned  the  same  methods,  and  had  an  abmx- 
dance  of  material  on  which  to  work,  yet  the  facts  observed 
induced  Cnvier  to  believe  in  catastropnes ;  and  Lamarck,  in 
the  uniform  coarse  of  nature.  Cuvier  declared  species  to  be 
permanent;  Lamarck,  that  they  were  descended  from  others. 
jDoth  men  stand  in  the  first  rank  in  science;  but  Lamarck 
was  the  prophetic  genius,  half  a  century  in  advance  of  his 
time. 

While  the  Paris  Basin  was  yielding  such  important  results 
for  Pal»ontology,  its  ecological  structure  was  being  worked 
out  with  great  care.  The  results  appeared  in  a  volume  by 
Cuvier  and  Alex.  Bron^niart,  chiefly  the  work  of  the  latter, 
published  in  1808.*  This  was  the  first  systematic  investigation 
of  Tertiary  strata.  Three  years  later,  the  work  was  issued  in 
a  more  eictended  form.  The  separate  formations  were  here 
carefully  distinguished  by  their  fossils,  the  true  importance  of 
which  for  this  purpose  being  distinctly  recognized.  This 
advance  was  not  accepted  without  some  opposition,  and  it  is  an 
interesting  fact  that  Jameson,  who  claimed  for  Werner  the 
theory  here  put  in  practice,  rejected  its  application,  and  wrote 
as  follows :  "  To  Cuvier  and  JBrongniart  we  are  indebted  for 
much  valuable  information  in  their  description  of  the  country 
around  Paris,  but  we  must  protest  against  the  use  they  have 
made  of  fossil  organic  remams  in  their  geognostical  descrip- 
tions and  inve6tigations."t 

William  Smith  (1769-1889^,  "  the  father  of  EnfiOish  Geology," 
had  previously  published  a  "  Tabular  View  of  the  British  Strata." 
He  appears  to  have  arrived  independently  at  essentially  the 
same  view  as  Werner  in  regard  to  the  relative  position  of  strat- 
ified rocks.  He  had  detemined  that  the  order  of  succession 
was  constant,  and  that  the  different  formations  might  be  identi- 
fied' at  distant  points  by  the  fossils  they  contained.  In  his 
later  works,  "Strata  identified  by  Organized  Fossils,"  pub- 
lished in  1816-20,  and  "  Stratigraphical  System  of  Organized 
Fossils,"  1817^  he  gave  to  the  world  results  of  many  years  of 
careful  investigations  on  die  Secondary  formations  of  England. 
In  the  latter  work,  he  speaks  of  the  success  of  his  method  in 
determining  strata  by  their  fossils,  as  follows :  "  My  orimnal 
method  of  tracing  the  strata  by  the  organized  fossils  imbedded 
therein,  is  thus  reduced  to  a  science  not  difficult  to  learn.  Ever 
since  the  first  written  account  of  this  discovery  was  circulated 
in  1T99,  it  has  been  closely  investigated  by  my  scientific 
acquaintances  in  the  vicinity  of  Bath,  some  of  whom  search  the 
quarries  of  different  Strata  in  that  district,  with  as  much  cer- 

*  Easai  sw  la  04ographie  MmercUogiqw  des  environs  de  Parts.    4to,  1808. 
f  Traoalation  of  Ouyier's  Disooorse.    Note  K.  (B.),  p.  103,  1817. 
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tainty  of  finding  the  characteristic  Foseils  of  the  respective 
rocks,  as  if  they  were  on  the  shelves  of  their  cabinets." 

The  systematic  study  of  fossils  now  attracted  attention  in 
England,  also,  and  was  prosecuted  with  considerable  zeal, 
although  with  less  important  results  than  in  Fnmce.  An  ex- 
tensive work  on  this  subject,  by  James  Parkinson,  entitled 
"  Organic  Bemains  of  a  1?  ormer  World,"  was  begun  in  1804, 
and  completed  in  three  volumes  in  1811,  A  second  edition 
appeared  in  1833.  This  work  was  far  in  advance  of  previous 
publications  in  England,  and,  being  well  illustrated,  did  much 
to  make  the  collection  and  study  of  fossils  popular.  The  belief 
in  the  geological  effects  of  the  Deluge  haa  not  yet  lost  its 
power,  Sthough  restricted  now  to  the  mter  deposits ;  for  Park- 
inson in  his  Siter  edition  wrote  as  follows:  '^Why  the  earth 
was  at  first  so  constituted  that  the  deluge  should  be  rendered 
necessary— why  the  earth  could  not  have  been  at  first  stored 
with  all  those  substances,  and  endued  with  all  those  properties 
which  seemed  to  have  proceeded  from  the  deluge — ^why  so  many 
beings  were  created,  as  it  appears,  for  the  purpose  of  being 
destroyed  —  are  questions  wmch  1  presume  not  to  answer." 

William  Buckiand  (1784-1856),  published  in  1823  his  cele- 
brated '^Rdiquim  DUvma/ncBj^  in  which  he  gave  the  results  of 
his  own  observations  in  regard  to  the  animal  remains  found  in 
the  caves,  fissures  and  aUuvial  gravels  of  England.  The  facts 
presented  are  of  great  value,  and  the  work  was  long  a  model 
tor  similar  researches.  Buckland's  conclusions  were,  that  none 
of  the  human  remains  discovered  in  the  caves  were  as  old  as 
the  extinct  mammals  found  with  them,  and  that  the  Deluge 
was  universal.  In  speaking  of  fossil  bones  found  in  the 
Himalaya  mountains,  he  says :  ^'  The  occurrence  of  these  bones 
at  such  an  enormous  elevation  in  the  region  of  eternal  snow, 
and  consequently  in  a  spot  now  unfrequented  by  such  ftnimalfi 
as  the  horse  and  deer,  can,  I  think,  be  explained  only  by  sup- 
posing them  to  be  of  antediluvian  origin,  and  that  the  carcasses 
of  the  animals  were  drifted  to  their  present  place,  and  lodged 
in  sand,  by  the  diluvial  waters." 

The  foundation  of  the  "  Geological  Society  of  London,"  in 
1807,  marks  an  important  point  in  the  history  of  palseontology. 
To  carefully  collect  materials  for  future  generalizations,  was 
the  object  in  view,  and  this  organization  gradually  became 
the  centre  in  Great  Britain  for  those  interested  in  geological 
science.  The  society  was  incorporated  in  1826,  and  nas  since 
been  the  leading  organization  in  Europe  for  the  advancement 
of  the  sciences  within  its  field.  The  Geological  Society  of 
France,  established  at  Paris  in  1832,  and  the  German  Geologi- 
cal Society,  founded  at  Berlin  in  1848,  have  likewise  contribu- 
ted largely  to  geological  investigations  in  these  countries,  and 
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to  some  extent  in  other  parts  of  the  world.  In  the  publications 
of  these  three  societies,  the  student  of  palsBontology  will  find  a 
mine  of  valuable  materials  for  his  work. 

The  systematic  study  of  fossil  Plants  may  be  said  to  date 
from  the  publication  of  Adolphe  Bronmiart's  ^^Prodrome^^ 
in  1828.*  This  was  very  soon  followed  by  his  larger  work, 
^'Histoi/re  des  vegetavoi  jos%iLe%^'*  issued  in  1828-48.  Brong- 
niart  pursued  the  same  method  as  Cuvier  and  Lamarck,  viz : 
the  comparison  of  fossils  with  living  forms,  and  his  results 
were  of  great  importance.  In  his  ^^Tmlecm  des  gervres  vegetaux 
'fossileSj  etc.,  published  in  Paris  in  1849,  he  gives  the  classifica- 
tion and  distribution  of  the  genera  of  fossil  plants,  and  traces 
out  the  historical  progression  of  vegetable  life  on  the  globe,  as 
he  had  done  to  a  great  extent  in  his  previous  wo^.  He 
shows  that  the  cryptogamic  fonns  prevailed  in  the  primary 
formations ;  the  conifers  and  cycads  in  the  secondary,  and  the 
higher  forms  in  the  Tertiary,  while  four  fifths  of  living  plants 
are  exogens. 

In  England,  Lindley  and  Hutton  published,  in  1831-37,  a 
valuable  work  in  three  volumes,  entitled,  "Fossil  Flora  of 
Great  Britain."  This  work  was  illustrated  by  many  accurate 
plates,  in  which  the  plants  of  the  coal  formation  were  esj^ecially 
represented.  Henry  Witham  also  published  two  works  m  1831 
and  1833,  in  which  he  treated  especially  of  the  internal  struc- 
ture of  fossil  plants.  "Antediluvian  Phytblogy,"  by  Artis, 
was  published  m  London  in  1888.  Bowerban^s  "Historv  of 
the  Fossil  Fruits  and  Seeds  of  the  London  Clay,"  appeared  in 
1843.  Hooker's  memoir  "  On  the  Vegetation  of  the  Carbon- 
iferous Period  as  compared  with  that  of  the  present  day,"  pub- 
lished in  1848,  was  an  important  contribution  to  the  science. 
Bunbury,  Williamson,  and  others,  also  published  various 
papers  on  fossil  plants.  This  branch  of  Palseontology,  how- 
ever, attracted  much  less  attention  in  England,  than  on  the 
Continent. 

In  Germany,  the  study  of  fossil  plants  dates  back  to  the 
beginning  of  the  century.  Von  Schlotheim,  a  pupil  of  Wer- 
ner, pubushed  in  1804  an  illustrated  volume  on  this  subject. 
A  more  important  work  was  that  of  Count  Sternberg,  issued 
in  1820-38,  and  illustrated  with  excellent  plates.  Cotta  in 
1832  published  a  book  with  the  title,  ^'Die  I>endroUthenj^  in 
which  he  gave  the  results  of  his  investi^tions  on  the  inner 
structure  of  fossil  plants.  Von  Gutbier  m  1835,  and  Gennar 
in  1844-53,  described  and  figured  the  plants  of  two  important 
localities  in  Germany.  Corda's  '^BeH^dge  zva*  Flora  der 
YoTwdty^  issued  at  Prague,  in  1845,  was  essentially  a  continu- 
♦  Prodrome  cPune  histoire  dea  v^Uam  foaailea.    8vo.    Paris,  1828. 
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ation  of  the  work  of  Sternberg.  Unger's  ^^Ghloris  protogma^^ 
1841-45,  '^Oenera  et  species  plantcirum  fossiUiMny  1850,  and 
his  larger  work  publisned  in  1852,  are  all  Btandard  antiioritiefi. 
In  the  latter,  the  theory  of  descent  is  applied  to  the  vegetable 
world.  Schimper  and  Mongeofs  "Monograph  on  the  foasil 
plants  of  the  Yosges,"  1845,  was  well  illustrated,  and  contained 
noteworthy  results. 

Goppert,  in  1836,  published  a  valuable  memoir  entitled, 
" Systeina  FiUcum  FossUiv/nhj^  in  which  he  made  known  the 
results  of  his  study  of  fossil  ferns.  In  the  same  year,  this 
botanist  began  a  series  of  experiments,  in  which  he  attempted 
to  imitate  the  process  of  f ossiiization,  as  found  in  nature.  He 
steeped  various  animal  and  v^etable  substances  in  waters  hold- 
ing, some  calcareous,  others  sificeous,  and  others  metallic  matter 
in  solution.  After  a  slow  saturation,  the  substances  were  dried, 
and  exposed  to  heat  xmtil  the  organic  matters  were  burned. 
In  this  way  Goppert  successfully  mtiitated  various  processes  of 
petrifaction,  ana  explained  many  things  in  regard  to  fossils 
that  had  previously  been  in  Question.  His  discoveiy  of  the 
remains  of  plants  throughout  tne  interior  of  coal  did  much  to 
clear  up  the  doubts  about  the  formation  of  that  substance.  In 
1841,  Goppert  published  an  important  work  in  which  he  com- 
pared the  genera  of  fossil  plants  with  those  now  living.  In 
1852,  another  extensive  wort  by  this  author  appeared,  entitled, 
''Fossile  Flora  dfs  Uebergarhgs-QebirgesP 

Andrse,  Bi*atm,  Dunker,  Ettinsghausen,  Qeinitz,  and  Golden- 
berg,  all  made  notable  contributions  to  fossil  Botany  in 
Germaoy,  during  the  period  we  are  now  considering. 

The  systematic  study  of  invertebrate  fossils,  so  admirably 
begun  by  Lamarck,  was  continued  actively  in  France.  The 
Tertiary  shells  of  the  Seine  vaUey  were  further  investigated  by 
Defrance,  and  especially  by  Deshayes,  whose  great  work  on 
this  subject  was  bcOTU  in  1824.*  DesMoulin's  essay  on  Spher- 
ulites  in  1826,  Bhunville's  memoir  on  Bdem/rdtes  in  1827, 
F6russac's  various  memoirs  on  land  and  fresh  water  fossil 
shells,  were  valuable  additions  to  the  subject.  A  later  work  of 
great  importance  was  D'Orbigny's  PcASorUologie  Fhra/nga4se, 
1840-44,  which  described  the  moUusca  and  radiates  in  detail, 
according  to  formations.  The  other  publications  of  this  author 
are  both  numerous  and  valuable.  Brongniart  and  Desmarest's 
^'Histoire  nainirelle  des  Crusta^  ^(wWfo^,'' published  in  1822, 
is  a  pioneer  work  on  this  subject.  Michehns'  memoir  on  the 
fossil  corals  of  France,  1841-46,  was  another  important  contri- 
bution to  palsBontoloey.  Agassiz's  works  on  f  ossu  Echinoderms 
and  Mollusks  are  valuable  contributions  to  the  science.     The 

♦  Description  des  coquiUes  fossUes  des  environs  de  Pans.    8  vols.    Paris,  1824-37. 
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works  of  d'Archiac,  Coqnand,  Cottean,  Desor,  Edwards,  Haime, 
and  De  Vemenil,  are  likewise  of  permanent  valne. 

In  Italy,  BeUardi,  Merian,  Michellotti,  Pliillipi,  Zigno,  and 
others,  contributed  important  results  to  PalsBontology. 

In  Belgium,  Bosquet,  Nyst,  Koninck,  Kyckholt,  Van  Ben- 
eden,  and  others,  have  all  aided  materially  in  the  progress  of 
the  science. 

In  England,  also,  invertebrate  fossils  were  studied  with  care, 
and  contmued  progress  was  made.  Sowerby^s  "  Mineral  Conch- 
ology  of  Great  Britain,^'  in  six  volumes,  a  systematic  work  of 
great  value,  was  published  in  1812-30,  and  soon  after  was  trans- 
ited into  French  and  German.  Its  figures  of  fossil  shells  are 
excellent,  and  it  is  still  a  standard  work.  Miller's  "  Natural 
History  of  the  Crinoidea,"  published  at  Bristol,  in  1821,  and 
Austin's  later  monograph,  are  valuable  for  reference.  Brown's 
"  Fossil  Conchology  oi  Britain  and  Ireland"  appeared  in  1839, 
and  Brodie's  History  of  the  Fossil  Insects  of  England,  in  1845. 
Phillips'  illustration  of  the  geology  of  Yorkshire,  1829-36,  and 
his  work  on  the  Palaeozoic  lossilB  of  Cornwall,  Devonshire,  and 
West  Somerset,  1843,  contained  a  great  deal  of  original  matter 
in  regard  to  fossil  remains.  Morns'  "Catalogue  of  British 
Fossils,"  issued  in  1843,  and  the  later  edition  in  1854,  is  most 
useful  to  the  working  palseontologist.  The  memoirs  of  David- 
son on  the  Brachiopoda,  Edwards,  Forbes,  Morris,  Lycett, 
Sharpe,  and  Wood  on  other  Mollusca,  Wright  on  the  Echino- 
derms,  Salter  on  Crustacea,  Busk  on  Polyzoa,  Jones  on  the 
Entomostraca,  and  Duncan  and  Lonsdale  on  Corals,  are  of 
especial  value.  King's  volume  on  Permian  fossils,  Mantell's 
various  memoirs,  Dixon's  work  on  the  fossils  of  Sussex,  1850, 
and  McCoy's  works  on  PalsBozoic  fossils,  all  deserve  honorable 
mention.  Sedgwick,  Murchison,  and  Lyell,  although  their 
greatest  services  were  in  systematic  geology,  each  contributed 
miportant  results  to  the  kindred  science  of  pateontology  during 
the  period  we  are  reviewing. 

In  Germany,  Schlotheim's  treatise,  ''Die  PetHfa/itenhwnde^'^ 
published  at  Gotha  in  1820,  did  much  to  promote  a  general 
interest  in  fossils.  By  far  the  most  important  work  issued  on 
this  subject  was  the  ''Petrifdcta  Oermcmica^^  by  Goldfuss, 
in  three  folio  volumes,  1826  to  1844,  which  has  lost  little  of 
its  value.  Bronn's  "  OeacJdchte  der  Ncvtwr^'^  1841-46,  was  a 
work  of  great  labor,  and  one  of  the  most  useful  in  the  litera- 
ture of  this  period.  The  author  gave  a  list  of  all  the  known 
fossil  species,  with  full  references,  and  also  their  distribution 
through  the  various  formations.  This  gave  exact  data  on  which 
to  base  generalizations,  hitherto  of  comparatively  little  value. 

Among  other  early  works  of  interest  in  this  department  may 
be  mentioned,  Dalman's  memoir  on  TrUoHteSj  1828,  and  Bur- 
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meister^B  on  the  same  subject,  1843.  Giebel's  well  known 
'^Fauna  der  Vorwdty^  1847-1856,  gave  lists  of  all  the  fossils 
described  np  to  that  time,  and  hence  is  a  very  useful  work. 
The  ''LetMBa  OeognosOca'*'*  by  Bronn,  1834-38,  and  the 
second  edition  by  Bronn  and  Roemer,  1846-66,  is  a  compre- 
hensive general  treatise  on  Palseontology,  and  the  njost  valuable 
work  of  the  kind  yet  published. 

The  researches  of  ilhrenberg,  in  regard  to  the  lowest  forms 
of  animals  and  plants,  threw  much  light  on  various  points  in 
Palaeontology,  and  showed  the  origin  of  extensive  deposits, 
the  nature  of  which  had  before  been  in  doubt  Von  ^uch, 
Barrande,  Beyrich,  Berendt,  Dunker,  Geinitz,  Heer,  Homes, 
Klipstein,  Von  Miinster,  Reuss,  Roemer,  Sandberger,  Suess, 
Von  Haffenow,  Von  Hauer,  Zeiten,  and  many  others,  all  aided 
in  the  advancement  of  this  branch  of  science.  Angelin,  His- 
inger,  and  Nilsson,  in  Scandinavia ;  Abich,  DeWaldheim,  Eich- 
wald,  Keyserling,  Kutorga,  Nordmann,  Pander,  Rouillier,  and 
Volborth,  in  Russia ;  and  Pusch  in  Poland,  published  important 
results  on  fossil  invertebrates. 

The  impetus  given  by  Cuvier  to  the  study  of  vertebrate  fossils 
extended  over  Europe,  and  great  efforts  were  made  to  continue 
discoveries  in  the  direction  he  had  so  admirably  pointed  out, 

Louis  Agassiz  (1807-73),  a  pupil  of  Cuvier,  and  long  an 
honored  member  of  this  association,  attained  eminence  in  the 
study  of  ancient  as  well  as  of  recent  life.  His  great  work  on 
Fossil  Fishes*  deserves  to  rank  next  to  Cuvier's  ^'Ossemens 
Fos^UesP  The  latter  contained  mainly  fossil  mammals  and 
reptiles,  while  the  fishes  were  left  without  a  historian  till 
Agassiz  began  his  investigations.  His  studies  had  admirably 
fitted  him  for  the  task,  and  his  industry  brought  together  a 
vast  array  of  facts  bearing  on  the  subject.  The  value  of  this 
grand  work  consists  not  only  in  its  faithful  descriptions  and 
plates,  but  also  in  the  more  profound  results  it  contained. 
Agassiz  first  showed  that  there  is  a  correspondence  between 
the  succession  of  fishes  in  the  rocks,  and  their  embryonal 
development.  This  is  now  thought  to  be  one  of  the  strongest 
points  m  favor  of  evolution,  although  its  discoverer  interpreted 
the  facts  as  bearing  the  other  way. 

Pander's  memoirs  on  the  fossil  fishes  of  Russia  form  a 
worthy  supplement  to  Agassiz's  classic  work.  Brandt's  publi- 
cations are  likewise  of  great  value;  and  those  of  Lund,  in 
Sweden,  have  an  especial  interest  to  Americans,  in  consequence 
of  his  researches  in  the  caves  of  Brazil. 

Croizet  and  Jobert's  ''  Recherches  sur  les  ossemena  fosaUes 
du  depa/rt/m&at  du  Pm/-de-D6me^^^  published  in  1828,  contained 

*  Recherches  sur  les  Foissons  JossUeSj  1833-46. 
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valuable  results  in  regard  to  fossil  mammals.  Geoffroy  St. 
Hilaire's  researches  on  fossil  Beptiles,  published  in  1831,  were 
an  important  advance..  DeSerres  and  DeChristoPs  explora- 
tions in  the  caverns  in  the  South  of  France,  published  between 
1829  and  1839,  were  of  much  value.  Schmerling's  researches  in 
the  caverns  of  Belgium,  published  in  1833-36,  were  especially 
important  on  account  of  the  discovery  of  human  remains  min- 
gled with  those  of  extinct  animals.  Deslongchamp's  memoirs 
on  fossil  reptiles,  1835,  are  still  of  great  interest.  Pictet's 
general  treatise  on  pateontology  was  a  valuable  addition  to 
the  literature,  and  has  done  much  to  encourage  the  study  of 
fossils.*  DeBlainville,  in  his  erand  work,  "  Ostk>qrapniey^ 
issued  in  1839-56,  brought  togetner  the  remains  of  living  *and 
extinct  vertebrates,  forming  a  series  of  the  greatest  value  for 
study.  Aymard  and  Pomel's  contributions  to  vertebrate  Pate- 
ontology  are  both  of  value.  Gervais  and  Lartet  added  much 
to  our  knowledge  of  the  subject,  and  Bravard  and  Hubert's 
memoirs  are  weU  known. 

The  brilliant  discoveries  of  Cuvier  in  the  Paris  Basin, 
excited  great  interest  in  England,  and  when  it  was  found  that 
the  same  Tertiary  strata  existed  in  the  south  of  England,  care- 
ful search  was  made  for  vertebrate  fossils.  Remains  of  some 
of  the  same  genera  described  by  Cuvier  were  soon  discovered, 
and  other  extinct  animals  new  to  science  were  found  in 
various  parts  of  the  kingdom.  Konig,  to  whom  we  owe  the 
name  IchthyoscmruSj  and  Conybeare,  who  gave  the  generic 
designation  Pledosav/niSy  and  also  Moaasaurvs^  were  among 
the  earliest  writers  in  England  on  fossil  reptiles.  The  discov- 
ery of  these  three  extinct  types,  and  the  discussion  as  to  their 
nature,  forms  a  most  interesting  chapter  in  the  annals  of 
Pateontology.  The  discovery  of  the  Igtumodony  by  Mantell, 
and  the  Megalosaurvs^  by  Buckland,  excited  still  higher 
interest.  These  great  reptiles  differed  much  more  widely  from 
living  forms  than  the  mammals  described  by  Cuvier,  and  the 
period  in  which  they  lived  soon  became  known  as  the  "  age  of 
Reptiles."  The  subsequent  researches  of  these  authors  added 
largely  to  the  existing  knowledge  of  various  extinct  forms, 
and  their  writings  did  much  to  arouse  public  interest  in  the 
subiect. 

Kichard  Owen,  a  pupil  of  Cuvier,  followed,  and  brought  to 
bear  upon  the  subject  an  extensive  knowledge  of  comparative 
anatomy,  and  a  wide  acquaintance  with  existing  forms.  His 
contributions  have  enriched  almost  every  department  of  palsB- 
ontology,  and  of  extinct  vertebrates  especially,  he  has  been, 
since  Cuvier,   the   chief    historian.      Tne   fossil   reptiles    of 

* '' l^^aitS  iUmenkUre  de paUontologiey'^  etc.^  Oenive.  4  vols.  1844-46.  Seoond 
Edition.    Paris,  1853-55. 
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England,  he  has  systematically  described,  as  well  as  those  of 
South  Africa.  The  extinct  Struthions  birds  of  New  Zealand, 
he  has  made  known  to  science,  and  accurately  described  in 
extended  memoirs.  His  researches  on  the  fossil  mammals  of 
Great  Britain,  the  extinct  Edentates  of  South  America,  and 
the  ancient  Marsupials  of  Australia,  each  forms  an  important 
chapter  in  the  history  of  our  science. 

The  personal  researches  of  Falconer  and  Cautley  in  the 
Sewalik  Hills  of  India  brought  to  light  a  marvelous  vertebrate 
fauna  of  Pliocene  age.  The  remains  thus  secured  were  made 
known  in  their  great  work,  ^'Fa/wna  Antiqtui  Simalensu^^ 
published  at  London  in  1846.  The  important  contributions  of 
Egerton  to  our  knowledge  of  fossil  nshes,  and  Jardine's  well 
known  work,  "Ichnology  of  Annandale,'^  also  belong  to  this 
period. 

The  study  of  vertebrate  fossils  in  Germany  was  proe- 
ecuted  with  much  success  during  the  present  period.  Blumen- 
bach,  the  ethnologist,  in  several  publications  between  1803 
and  1814,  recorded  valuable  observations  on  this  subject 
In  1812,  Sommerring  gave  an  excellent  fiffure  of  a  pterodao- 
tyle,  which  he  named  and  described.  Goldfuss'  researohes  on 
the  fossil  vertebrates  from  the  Caves  of  Germany,  published 
in  1820-23,  made  known  the  more  important  iacts  of  that 
interesting  fauna.  His  later  publications  on  extinct  Amphibians 
and  Eeptues  were  also  noteworthy.  Jfiger's  investigations  on 
the  extinct  vertebrate  fauna  of  Wmtemberg,  published  between 
1824  and  1839,  were  an  important  advance.  To  Plieninger^s 
researches  in  the  same  region,  1834-44,  we  owe  the  discovery 
of  the  first  Triassic  mammal  {Miorolestes)^  as  well  as  important 
information  in  regard  to  Labyrinthodonts.  Kaup's  researches 
on  fossil  mammals,  1832-41,  brought  to  light  many  interesting 
forms,  and  to  him  we  are  indebted  for  the  generic  name 
Dinotheriuniy  and  excellent  descriptions  of  the  remains  then 
known. 

Count  Miinster's  ^^JBeitrage  zv/r  PdrifoAyt&nrKvmde^'*  yo^y- 
lished  1843-46,  contained  several  valuaole  papers  on  fossil 
vertebrates ;  and  the  separate  papers  by  the  same  author  are  of 
interest.  Andreas  Wagner  wrote  on  Pterosaurians  in  1837, 
and  later  gave  the  first  description  of  fossil  mammals  of  the 
Tertiary  of  Greece,  1837-40.  Johannes  Miiller  published  an 
important  illustrated  work  on  the  Zeufflodonts,  m  1849,  and 
various  notable  memoirs ;  and  Quenstedt,  interesting  descrip- 
tions of  fossil  reptiles,  as  well  as  other  papers  of  much  value. 
Etitimeyer's  suggestive  memoirs  are  widely  known. 

Hermann  von  Meyer's  contributions  to  vertebrate  palaeon- 
tology are  by  far  the  most  important  published  in  Germany 
during  the  period  we  are  now  considering.    From  1830,  his 
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investigations  on  this  subject  were  continnous  for  nearly  forty 
years,  and  his  various  publications  are  all  of  value.  His 
^*'£eitrage  zv/r  P€l/nf<ictenhwndey^  1831-33,  contains  a  series  of 
valuable  memoirs.  His  "PalcBclogica^^^  issued  in  1832,  includes 
a  sjrnopsis  of  the  fossil  vertebrates  then  known,  with  much 
original  matter.  His  great  work,  "  Zur  Fauna  der  Vorwelt^^ 
1845-60,  includes  a  series  of  monographs  invaluable  to  the 
student  of  vertebrate  palssontology.  This  work,  as  well  as  his 
other  chief  publications,  was  illustrated  with  admirable  plates 
from  his  own  drawings.  Other  memoirs  by  this  author  \nll  be 
found  in  the  "  Palcmdoara^hica^^^  of  which  he  was  one  of  the 
editors.  In  the  many  volumes  of  this  publication,  which  began 
in  1851,  and  is  still  continued,  will  be  found  much  to  interest 
the  investigator  in  any  branch  of  palseontology. 

The  "PSfisontographical  Society  of  London,"  established  in 
1847,  has  also  issued  a  series  of  volumes  containing  valuable 
memoirs  in  various  branches  of  Palaeontology.  These  two 
publications  together  are  a  storehouse  of  knowledge  in  regard 
to  extinct  forms  of  animal  and  vegetable  life. 

It  may  be  interesting  here  to  note  briefly  the  use  of  general 
terms  in  Palseontology,  as  the  gradual  progress  of  the  science 
was  indicated  to  some  extent  in  its  terminology.  At  first,  and 
for  a  long  time,  the  name  "/b*^'  was  appropriately  used  for 
objects  dug  from  the  earth,  both  minerals  and  organic  remains. 
The  term  "  Oirctology,"  having  essentiallv  the  same  meaning, 
was  also  used  tor  this  branch  of  study.  For  a  long  period,  too, 
the  termination  ites  {Xi&(Kj  a  stone)  was  applied  to  fossils  to 
distinguish  them  from  the  corresponding  living  forms ;  as,  for 
instance,  "  Ostracites,^^  used  by  Tlinj.  At  a  later  date,  the 
general  name  "figured  stones"  {laptdes  figv/rati)  was  exten- 
sively used;  and  less  frequently,  "Deluge  stones"  {lamdes 
dUnmant).  The  term  "organized  fossils"  was  used  to  distin- 
guish fossils  from  minerals,  when  the  real  difEerence  became 
known,  although  the  name  '^  Reliquim^^  was  sometimes  em- 
ployed The  term  "petrifactions"  {Petrijicata)  was  defined 
by  John  <5esner  in  his  work  on  fossils  in  1758,  and  was 
afterwards  extensively  used.  Palaeontology  is  comparatively  a 
modem  term,  having  come  into  use  only  within  the  last  half 
century.  It  was  introduced  about  1830,  and  soon  was  generally 
adopted  in  France  and  England ;  but  in  Germany  it  met  with 
less  favor,  though  used  to  some  extent. 

It  would  be  interesting,  too,  did  time  permit,  to  trace  the 
various  opinions  and  superstitions,  held  at  different  times,  in 
regard  to  some  of  the  more  common  fossils,  for  example,  the 
Ammonite,  or  the  Belemnite.     Of  their  supposed  celestial 
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origin;  of  their  uBe  as  medicine  by  the  ancients,  and  in  the 
East  to-day ;  of  their  marvellons  power  as  charms,  amon^  the 
Komans,  and  still  among  the  American  Indians.  It  womd  be 
instructive,  also,  to  compare  the  various  views  expressed  by  sta- 
dents  in  science,  concerning  some  of  the  stranger  extinct  forms, 
for  instance,  the  Nxmmiubtes,  among  Protozoa ;  the  Hudistee, 
among  MoUusks ;  or  the  Mosasaurus,  among  Beptiles.  Dissim- 
ilar as  such  views  were,  they  indicate  in  many  cases  gropings 
after  truth, — natural  steps  in  the  increase  of  knowledge. 

The  third  period  in  the  history  of  Palaeontology,  which,  as  I 
have  said,  began  with  Cuvier  and  Lamarck  at  the  beginning  of 
the  present  century,  forms  a  natural  epoch  extending  through 
six  decades.  The  definite  characteristics  of  this  period,  as  stated, 
were  dominant  during  all  this  time,  and  the  progress  of  Palason- 
tology  was  commensurate  with  that  of  intelligence  and  culture. 

lor  the  first  half  of  this  period,  the  marvelous  discoveries  in 
the  Paris  Basin  excited  astonishment,  and  absorbed  attention ; 
but  the  real  significance  and  value  of  the  facts  made  known  bv 
Cuvier,  Lamarck,  and  William  Smith,  were  not  appreciateo. 
There  was  still  a  strong  tendency  to  regard  fossils  merely  as 
interesting  objects  of  natural  history,  as  in  the  previous  period, 
and  not  as  the  key  to  prof  oimder  problems  in  the  earth's  his- 
tory. Many  prominent  geologists  were  still  endeavoring  to 
identify  formations  in  mfferent  countries  by  their  mineral 
characters,  rather  than  by  the  fossils  imbedded  in  them.  Such 
names  as  "  Old  Bed  Sandstone,"  and  "  New  Eed  Sandstone," 
were  given  in  accordance  with  this  opinion.  Humboldt,  for 
example,  attempted  to  compare  the  formations  of  South  Amer- 
ica and  Europe  by  their  mineral  features,  and  doubted  the 
value  of  fossils  for  this  purpose.  In  1823,  he  wrote  as  follows : 
"  Are  we  justified  in  concluding  that  all  formations  are  char- 
acterized by  particular  species!  that  the  fossil  shells  of  the 
chalk,  the  muscheUcalk,  the  Jura  limestone,  and  the  Alpine 
limestones,  are  all  different  ?  I  think  this  would  be  pushing 
the  induction  much  too  far."*  Jameson  still  thought  minerals 
more  important  than  fossils  for  characterizing  formations; 
while  BaKewell,  later  yet,  defines  Palaeontology  as  comprising 
"  Fossil  Zoology  and  Fossil  Botany,  a  knowledge  of  which  may 
appear  to  the  student  as  having  little  connection  with  Geology. 

buring  the  later  half  of  the  third  period,  greater  progress 
was  made,  and  before  its  close  Geology  was  thoroughly  estab- 
lished as  a  science.  Let  us  consider  for  a  moment  what  had 
really  been  accomplished  up  to  this  time. 

It  had  now  been  proved  beyond  question  that  portions  at 
least  of  the  Earth's  surface  had  been  covered  many  times  by 
*  Esaai  gSognoatique  sw  le  gisement  dee  Boche&j  p.  41. 
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the  sea,  with  alternations  of  fresh  water  and  of  land ;  that  the 
strata  thus  deposited  were  formed  in  succession,  the  lowest 
of  the  series  bein^  the  oldest;  that  a  distinct  succession  of 
animals  and  plants  had  inhabited  the  earth  during  the  different 
geological  periods ;  and  that  the  order  of  succession  found  in 
one  part  oi  the  earth  was  essentially  the  same  in  all.  More 
than  30,000  new  q)ecie8  of  extinct  animals  and  plants  had  now 
been  described.  It  had  been  found,  too,  that  from  the  oldest 
formations  to  the  most  recent,  there  had  been  an  advance  in 
the  grade  of  life,  both  animal  and  vegetable,  the  oldest  forms 
being  among  the  simplest,  and  the  higher  forms  successively 
making  their  appearance. 

It  had  now  become  clearly  evident,  moreover,  that  the  fossils 
from  the  older  formations  were  all  extinct  species,  and  that  only 
in  the  most  recent  deposits  were  there  remains  of  forms  still 
living.  The  equallv  important  fact  had  been  established,  that 
in  several  groups  of  both  animals  and  plants,  the  extinct  forms 
were  vastly  more  numerous  than  the  livmg ;  while  several  orders 
of  fossil  animals  had  no  representatives  in  modem  times. 
Human  remains  had  been  found  mingled  with  those  of  extinct 
animals,  but  the  association  was  regarded  afi  an  accidental  one 
by  the  authorities  in  science ;  and  the  very  recent  appearance 
of  Man  on  the  earth  was  not  seriously  questioned.  Another 
important  conclusion  reached,  mainly  through  the  labors  of 
Lyell,  was,  that  the  earth  had  not  been  subjected  in  the  past  to 
sudden  and  violent  revolutions;  but  the  great  changes  wrought 
had  been  gradual,  differing  in  no  essential  respect  from  those 
still  in  progress.  Strangely  enough,  the  corollary  to  this  propo- 
sition, that  life,  too,  had  been  continuous  on  the  earth,  formed 
at  that  date  no  part  of  the  common  stock  of  knowledge. 

In  the  physical  world,  the  great  law  of  "Correlation  of 
forces  "  had  been  announced,  and  widely  accepted ;  but  in  the 
organic  world,  the  dogma  of  the  miraculous  creation  of  each 
separate  species  still  held  sway,  almost  as  completely  as  when 
Linnaeus  aeclared:  "There  are  as  many  different  species  as 
there  were  different  forms  created  in  the  beginning  by  the 
Infinite  Being."  But  the  dawn  of  a  new  era  was  already 
breaking,  and  the  third  period  of  palaeontology  we  may 
consider  now  at  an  end. 

Just  twenty  years  ago,  science  had  reached  a  point  when  the 
belief  in  "special  creations"  was  undermined  by  well  estab- 
lished facts,  slowly  accumulated.  The  time  was  ripe.  Many 
naturalists  were  working  at  the  problem,  convinced  that  Evo- 
lution was  the  key  to  the  present  and  the  past.  But  how  had 
Nature  brought  this  change  about  ?  While  others  pondered, 
Darwin  spoke  the  magic  word — ^'NaiAiral  Sdeotioriy^  and  a 
new  epoch  in  science  li^gan. 
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The  fourth  ^riod  in  the  history  of  Pateontology  datee  from 
this  time,  and  is  the  period  of  to-day.  One  of  the  main  char- 
acteristics of  this  epoch  is  the  belief  that  aU  Ufe,  H/ving  and 
extinct^  has  been  evohed  from  simple  forms.  Ajiother  prom- 
inent feature  is  the  accepted  fact  of  me  great  a/rUiquity  of  the 
hmMjm  race.  These  are  quite  sufficient  to  distmgmsh  this 
period  sharply  from  those  that  preceded  it. 

The  publication  of  Charles  Darwin's  work  on  the  "  Origin 
of  Species,"  November,  1859,  at  once  aroused  attention,  and 
started  a  revolution  which  has  already  in  the  short  space  of 
two  decades  changed  the  whole  course  of  scientific  thonglit. 
The  theory  of  "Natural  Selection,"  or  as  Spencer  has  hap- 
pily termed  it,  the  "  Survival  of  the  Fittest,"  had  been  worked 
out  independently  by  Wallace,  who  justly  shares  the  honor  of 
the  discovery.  We  have  seen  that  the  theory  of  Evolution  was 
proposed  and  advocated  by  Lamarck,  but  he  was  before  his 
time.  The  anonymous  author  of  the  "  Vestiges  of  Creation," 
which  appeared  in  1844,  advocated  a  somewhat  similar  theoiy 
which  attracted  much  attention,  but  the  belief  that  species  were 
immutable  was  not  sensibly  affected  until  Darwin's  work 
appeared. 

The  difference  between  Lamarck  and  Darwin  is  essentially 
this:  Lamarck  proposed  the  theory  of  Evolution;  Darwin 
changed  this  into  a  doctrines  which  is  now  guiding  the  investi- 
gations in  all  departments  oi  biology.  Lamarck  railed  to  real- 
ize the  importance  of  time,  and  the  interaction  of  life  on 
life.  Darwin,  by  combining  these  influences  with  those  also 
suggested  by  Lamarck,  has  shown  how  the  existing  forms  on 
the  earth  may  have  been  derived  from  those  of  the  past. 

This  revolution  has  influenced  Palseontology  as  extensively 
as  any  other  department  of  science,  and  hence  the  new  period 
we  are  discussing.  La  the  last  epoch,  species  were  repre- 
sented independently,  by  parallel  lines ;  in  the  present  penod, 
they  are  indicated  by  dependent,  branching  lines.  The  former 
was  the  analytic,  the  latter  is  the  synthetic,  period.  To-day,  the 
animals  and  plants  now  living  are  believed  to  be  genetically 
connected  witn  those  of  the  distant  past ;  and  the  palaeontologist 
no  longer  deems  species  of  the  first  importance,  but  seeks  for 
relationships  ana  genealogies,  connecting  the  past  with  the 
present  Working  in  this  spirit,  and  with  such  a  method,  the 
advance  during  the  last  decade  hsis  been  great,  and  is  an  earnest 
of  what  is  yet  to  come. 

The  process  of  Palaeontology  in  Great  Britain  during  the 
present  penod  has  been  great,  and  the  general  interest  in  the 
science  much  ^Etended.  The  views  of  Darwin  soon  found 
acceptance  here.    Next  to  his  discovery  of  ^Natozal  Selection," 
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Darwin  was  fortunate  in  having  so  able  and  bold  an  expounder 
as  Huxley ;  who  was  one  of  the  first  to  adopt  his  theory,  and 
give  it  a  vigorous  support.  Huxley's  masterly  researches  have 
been  of  great  benefit  to  all  departments  of  Biology,  and  his 
contributions  to  PalsBontology  are  invaluable.  Among  the 
latter,  his  origmal  investigations  on  the  relations  of  Bircfc  and 
Eeptiles  are  especially  noteworthy.  His  various  memoirs  on 
extmct  Reptiles,  Amphibians  and  Fishes,  belong  to  the  perma- 
nent literature  of  the  subject.  The  important  researches  of  Owen 
on  the  fossil  vertebrates  have  been  continued  to  the  present 
time.  He  has  added  largely  to  his  previous  publications  on 
the  British  fossil  Reptiles,  feirds,  and  Mammals;  the  extinct 
reptiles  of  South  Africa,  and  the  Post-Tertiary  birds  of  New 
Zealand.  His  description  of  the  ArchcBopteryx  near  the  begin- 
ning of  the  period  was  a  most  welcome  contribution. 

Tne  investigations  of  Egerton  on  Fossil  Fishes  have  likewise 
been  continued  with  important  results.  Busk,  Dawkins,  Flower 
and  Sanf  ord  have  made  valuable  contributions  to  the  history  of 
fossil  Mammals.  Bell,  Giinther,  Hulke,  Lankester,  Powrie, 
Miall,  and  Seely,  have  made  notable  additions  to  our  Imowle^e 
of  Reptiles,  Amphibians,  and  Fishes.  Among  Invertebrates,  me 
Crustacea  have  been  especially  studied  by  Jones,  Salter,  and 
Woodward.  Davidson,  Etheridge,  Lycett,  Morris,  Phillips, 
Wood,  and  Wright  have  continued  tneir  researches  on  tne 
Mollusks ;  Duncan,  Nicholson  and  others  have  investigated  the 
extinct  Corals ;  and  Binney,  Carruthers,  and  Williamson,  the 
Fossil  Plants.  Numerous  other  important  contributions  have 
been  made  to  the  science  in  Great  Britain  during  the  present 
period. 

On  the  Continent,  the  advance  in  Pateontology  has,  during 
the  last  two  decades,  been  equally  great.  In  France,  Gervais 
continued  his  memoirs  on  extinct  vertebrates  nearly  to  the 
present  date ;  while  Gaudry  has  published  several  volumes  on 
the  subject  that  are  models  for  all  students  of  the  science.  His 
work  on  the  fossil  animals  of  Greece  is  a  perfect  monograph 
of  its  kind,  and  his  later  publications  are  all  of  importance. 
Lartet's  various  works  are  oi  permanent  value,  and  his  applica- 
tion of  Palfleontology  to  Archseology  brought  notable  results. 
The  volume  of  Alphonse  Milne-Edwards  on  fossil  Crustacea 
was  a  fit  supplement  to  Brongniart  and  Desmarest's  well  known 
work ;  while  his  grand  memoir  on  fossil  Birds  deserves  to 
rank  with  the  claiwic  volumes  of  Cuvier.  Duvemoy,  Filhol, 
H6bert,  Sauvage  and  others  have  also  published  interesting 
results  on  fossil  vertebrates. 

Van  Beneden^s  researches  on  the  fossil  vertebrates  of  Bel- 
gium have  produced  results  of  great  value.  Pictet,  Riitimeyer, 
and  Wedersheim  in  Switzerland,  Bianconi,  Forsyth-Major,  and 
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Sismonda  in  Italy,  and  Nodot  in  Spain,  have  likewise  published 
important  memoirs.  The  extinct  vertebrates  have  been  studied 
in  Germany  by  Von  Meyer,  Cams,  Fraas,  Q-iebel,  Haeekel, 
Haase,  Hensel,  Kayser,  Kner,  Ludwig,  Peters,  Portis,  Maack, 
Sdenka,  Zittel,  and  many  others ;  in  Holland  by  Winkler,  in 
Denmark  by  Reinhardt;  and  in  Buseia  by  Brandt  and 
Kowalewsky. 

The  fossil  invertebrates  have  been  investigated  with  care  by 
D'Archiac,  D'Orbigny,  Bayle,  Fromentel,  Oustalet,  and  others 
in  France ;  Desor,  Loriol  and  Roux  in  Switzerland ;  Cappellini, 
Massalongo,  Michellotti,  Meneffhini,  and  Sismonda  in  Italy, 
Barrande,  Benecke,  Beyrich,  5ames,  Dom,  Ehlers,  Geinitz, 
Giebel,  Giimbel,  Feistmantel,  Hagen,  von  Hauer,  von  Heyden, 
von  Fritsch,  Laube,  Oppel,  Quenstedt,  Roemer,  Schliiter,  Suess, 
Speyer,  and  Zittel  in  Germany.  The  fossil  Plants  have  been 
studied  in  these  countries  by  Massalongo,  Saporta,  Zigno, 
Fiedler,  Goldenberg,  Gehler,  Heer,  Goeppert,  Ludwig,  Schim- 
per.  Schenk,  and  many  others. 

Among  the  recent  researches  in  Pateontologv  in  other 
regions  may  be  mentioned  those  of  Blanf ord,  Feistmantel, 
Lydekker,  and  Stoliczka,  in  India ;  Haast  and  Hector  in  New 
Zealand,  and  Krefft  and  McCoy  in  Australia;  all  of  whom 
have  published  valuable  results. 

Of  the  progress  of  palaeontology  in  America,  I  have  thus  far 
said  nothing,  and  I  need  now  say  but  little,  as  many  of  you  are 
doubtless  familiar  with  its  mam  features.  Ihiring  the  first 
and  second  periods  in  the  history  of  palsBontology,  as  I  have 
defined  them,  America,  for  most  excellent  reasons,  took  no 
part.  In  the  present  century,  during  the  third  perioiL  appear 
the  names  of  Biesby,  Green,  Morton,  Mitchell,  Rannesque, 
Say,  and  Troost,  aS  of  whom  deserve  mention.  More  recently, 
the  researches  of  Conrad,  Dana,  Deane,  DeKay,  Emmons, 
Gibbes,  Hitchcock,  Holmes,  Lea,  McChesney,  Owen,  Redfield, 
Rogers,  Shumard,  Swallow,  and  many  others,  have  enlarged 
our  knowledge  of  the  fossils  of  this  countrv. 

The  contributions  of  James  Hall  to  the  liivertebrate  Palseon- 
tology  of  this  country  form  the  basis  of  our  present  knowledge 
of  the  subject.  The  extensive  labors  of  Meek  in  the  same 
department  are  likewise  entitled  to  great  credit,  and  will  form 
an  important  chapter  in  the  history  of  the  science.  The 
memoirs  of  Billings,  Qabb,  Scudder,  White,  and  Whitfield  are 
numerous  and  important ;  and  the  publications  of  Derby, 
Hartt,  James,  Miller,  Shaler,  Rathbum,  and  Winchell,  are 
also  of  value.  To  Dawson,  Lesquereux,  and  Newberry,  we 
mainly  owe  our  present  knowledge  of  the  fossil  plants  of  this 
country. 
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The  foundation  of  onr  vertebrate  Palseontology  was  laid  by 
Leidy,  whose  contributions  have  enriched  nearly  every  depart- 
ment of  the  subject  The  numerous  publications  of  Cope  are 
well  known.  Agassiz,  Allen,  Baird,  IJawson,  Deane,  DeKay, 
Emmons,  Gibbes,  Harlan,  Hitchcock,  Jefferson,  Lea,  LeConte, 
Newberry,  Redfield,  St.  John,  Warren,  Whitney,  Worthen, 
Wyman,  and  others,  have  all  added  to  our  knowledge  of 
American  fossil  vertebrates.  The  chief  results  in  tihiis  depart- 
ment of  our  subject,  I  have  already  laid  before  you  on  a 
previous  occasion,  and  hence  need  not  dwell  upon  uiem  here. 

In  this  rapid  sketch  of  the  history  of  Pateontology,  I  have 
thought  it  bast  to  speak  of  the  earlier  periods  more  in  detail,  as 
they  are  less  generally  known,  and  especially  as  they  indicate 
the  ^owth  of  the  science,  and  the  obstacles  it  had  to  surmount. 
Wim  the  present  work  in  pateontology,  moreover,  you  are  all 
more  or  less  familiar,  as  the  results  are  now  part  of  the  current 
literature.  To  assign  every  important  discovery  to  its  author, 
would  have  led  me  far  beyond  my  present  plan.  I  have  only 
endeavored  to  indicate  the  growth  of  the  science  by  citing  the 
more  prominent  works  that  mark  its  progress,  or  illustrate  the 
prevailing  opinions  and  state  of  knowledge  at  the  time  they 
were  written. 

In  considering  what  has  been  accomplished,  directly  or  indi- 
rectly, it  is  wefl  to  bear  in  mind  that  without  palseontology 
there  would  have  been  no  science  of  geology.  The  latter 
science  originated  from  the  study  of  fossils,  and  not  the  reverse, 
as  general^  supposed.  Palseontology,  therefore,  is  not  a  mere 
branch  of  geology,  but  the  foundation  on  which  that  science 
m^nly  rests.  Tms  fact  is  a  sufficient  excuse,  if  one  were  want- 
ing, for  noting  the  early  opinions  in  regard  to  the  changes  of 
the  earth's  sur&ce,  as  these  changes  were  first  studied  to  explain 
the  position  of  fossils.  The  investigation  of  the  latter  first  led 
to  theories  of  the  earth's  formation,  and  thus  to  geology.  When 
speculation  replaced  observation,  fossils  were  discarded,  and 
for  a  time  the  mineral  characters  of  strata  were  thought  to  be 
the  key  to  their  position  and  age.  For  some  time  after  this, 
geologists,  as  we  have  seen,  apologized  for  using  fossils  to  deter- 
mine formations,  but  for  the  laS;  half  centui^  their  value  for 
thispurpose  has  been  fully  recognized. 

The  services  which  Palaeontology  has  rendered  to  Botany 
and  Zoology  are  less  easy  to  estimate,  but  are  very  extensive. 
The  dassmcation  of  these  sciences  has  been  rendered  much 
more  complete  by  the  intercalation  of  many  intermediate 
forms.  The  probable  ori^  of  various  living  species  has  been 
indicated  by  the  genealogies  suggested  by  extinct  types ;  while 
our  knowledge  of  the  geographical  distribution  of  animals  and 
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plantfl  at  the  present  day  lias  been  greadj  improved  by  the 
tacts  brought  out  in  regard  to  the  ^rrner  distribution  of  life 
on  the  globe. 

Among  the  vast  number  of  new  species  which  have  been  added 
are  the  representatives  of  a  nimiber  of  new  orders  entirely  un- 
known among  living  forms.  The  distribution  of  these  extinct 
orders,  among  the  different  classes,  is  interesting,  as  they 
are  mainly  confined  to  the  higher  groups.  Among  the  f  ofisO 
Plants,  no  new  orders  have  yet  been  found.  There  are  none 
known  amon^  the  Protozoa,  or  the  Mollusca.  The  Radiates 
have  been  enriched  by  the  extinct  orders  of  Blastoidea,  Cystidea, 
and  Edrioasterida ;  and  the  Crustaceans  by  the  Eurypterida  and 
Trilobita.  Among  the  Vertebrates,  no  extinct  order  of  fossil 
Fishes  has  yet  been  found;  but  the  Amphibians  have  been 
enlarged  by  the  important  order  Labyrinthodonta.  The  ^J^eaAr 
est  additions  have  been  among  the  Reptiles,  where  the  majority 
of  the  orders  are  extinct.  Here  we  have  at  the  present  date 
the  Ichthyosauna,  Sauranodontia,  Plesiosauria  and  Mosasaoria, 
among  the  marine  forms;  the  Pterosauria,  including  the 
Pteranodontia,  containing  the  flying  forms ;  and  the  Dinofianria, 
including  the  Sauropoda — ^the  giants  among  reptiles ;  likewise 
the  Dicynodontia,  and  probably  the  Theriodontia,  among  the 
terrestrial  forms.  Although  but  few  fossil  Birds  have  been 
found  below  the  Tertiary,  we  have  already  among  the  Meeozoic 
forms  three  new  orders :  the  Saururae,  represented  by  ArcA4B' 
opteryx;  the  OdontotormsB,  with  Icktnyorms  as  the  type ;  and 
the  OdontolcsB,  based  upon  Heyperorms;  all  of  these  orders 
being  included  in  the  suVdass  Odontomithes,  or  toothed  birds. 
Among  Mammals,  the  new  groups  r^arded  as  orders  are  the 
Toxodontia,  and  the  Dinocerata,  among  the  TJngulates;  and 
the  Tillodontia,  including  strange  Eocene  Mammals  whose 
exact  affinities  are  yet  to  be  determined. 

Among  the  important  results  in  vertebrate  pateontology,  are 
the  genealogies,  made  out  with  considerable  probability,  for 
various  existing  animals.  Many  of  the  larger  mammals  have 
been  traced  back  through  aUied  forms  in  a  closely  connected 
series  to  early  Tertiary  times.  In  several  cases  the  series  are 
so  complete  that  there  can  be  little  doubt  that  the  line  of 
descent  has  been  established.  The  Evolution  of  the  horse,  for 
example,  is  to-day  demonstrated  by  the  specimens  now  known. 
The  demonstration  in  one  case  stands  for  aU.  The  evidence  in 
favor  of  the  genealogy  of  the  horse  now  rests  on  the  stune 
foundation  as  the  proof  that  any  fossil  bone  once  formed  part 
of  the  skeleton  ot  a  living  anmiaL  A  special  creation  of  a 
single  bone  is  as  probable  as  the  special  creation  of  a  single 
species.    The  method  of  the  palaeontologist  in  the  investigation 
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of  the  one,  is  the  method  for  the  other.    The  only  choice  lies 
between  natural  derivation  and  sapematural  creation. 

For  ench  reasons  it  is  now  regarded  among  the  active 
workers  in  science  as  a  waste  of  time  to  discuss  the  truth  of 
Evolution.     The  battle  on  this  point  has  been  fought,  and  won. 

The  geo^phical  distribution  of  animals  and  plants,  as  well 
as  their  migrations,  has  received  much  new  light  from  Palae- 
ontology. The  fossils  found  in  some  natural  divisions  of  the 
earth  are  related  so  closely  to  the  forms  now  living  there,  that 
a  genetic  connection  between  them  can  hardly  be  doubted. 
The  extinct  Marsupials  of  Australia,  and  the  Edentates  of 
South  America,  are  weU  known  examples.  The  Pliocene  hip- 
popotami of  Asia  and  the  South  of  Europe  point  directly  to 
migrations  from  Africa.  Other  similar  examples  are  nimierous. 
The  f  o^  plants  of  the  Arctic  region  prove  the  existence  of  a 
cliiQate  Hiere  far  milder  than  at  present,  and  recent  researches 
at  least  render  more  probable  the  su^estion,  made  lon^  ago  by 
BudSon,  in  his  "EjmkjIis  of  Nature,"  flSit  life  began  in  the  polar 
regions,  and  by  successive  migrations  from  mem  the  conti- 
nents were  peopled. 

The  great  services  which  Comparative  Anatomy  rendered  to 
PalflBontology  at  the  hands  of  Cuvier,  A^assiz.  Owen,  and 
oilers,  have  been  amply  repaid.  The  solution  of  some  of  the 
most  difficult  problems  in  Anatomy  has  received  scarcely  less 
aid  from  llie  extinct  forms  discovered,  than  from  Embryology ; 
and  the  two  lines  of  research  supplement  each  other.  Our 
present  knowledge  of  the  vertebrate  skull,  the  limb-arches,  and 
the  limbs,  has  b^n  much  enlarged  by  researches  in  Palsaontol- 
ogy.  On  the  other  hand,  the  recent  labors  of  Oegenbaur, 
Huxley,  Parker,  Balfour,  and  Thacher,  will  make  clear  many 
obscure  points  in  ancient  life. 

One  of  the  important  results  of  recent  palsdontological 
research,  is  the  law  of  brain-growth,  found  to  exist  among 
extinct  mammals,  and  to  some  extent  in  other  vertebrates. 
According  to  this  law,  as  I  have  briefly  stated  it  elsewhere : 
"  All  Tertiary  mammals  had  small  brains.  There  was,  also,  a 
gradual  increase  in  the  size  of  the  brain  during  this  period. 
This  increase  was  confined  mainly  to  the  cerebral  nemispheres, 
or  higher  portions  of  the  brain.  In  some  groups,  the  convolu- 
tions of  the  brain  have  gradually  become  more  complicated. 
In  some,  the  cerebellum  and  the  olfactory  lobes  have  even 
diminished  in  size."  More  recent  researches  render  it  probable 
tiiat  the  same  general  law  of  brain-growth  holds  good  tor  birds 
and  reptiles  from  the  Mesozoic  to  Sie  present  time.    The  Cr^ 
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taceoufl  birds,  that  have  been  investigated  with  reference  to  this 
point,  had  brains  only  about  one-third  as  h«ge  in  proportion  as 
those  nearest  allied  among  Living  species.  The  Dinosaurs  from 
our  Western  Jurassic  follow  the  same  law,  and  had  brain  cav- 
ities vastly  smaller  than  any  existing  rej)tile6.  Many  other 
facts  point  in  the  same  direction,  and  indicate  that  the  genertd 
law  will  hold  good  for  all  extinct  vertebrates. 

Paleontology  has  rendered  great  service  to  the  more  recent 
science  of  Ardifflology .  At  the  beginning  of  the  present  period, 
a  re-examination  of  tne  evidence  m  regard  to  the  antiquity  of 
the  human  race  was  ^ing  on,  and  important  results  were  soon 
attained.  Evidence  m  favor  of  the  presence  of  man  on  the 
earth  at  a  period  far  earlier  than  the  accepted  chronology  of  six 
thousand  years  would  imply,  had  been  gradually  accumulating; 
but  had  been  rejected  from  time  to  time  by  the  highest  authori- 
ties. In  1823,  Cuvier,  Brongniart,  and  iBuckland,  and  later, 
Lyell,  refused  to  admit  that  human  relics,  and  the  bones  of 
extinct  animals  found  with  them,  were  of  the  same  geolc^c^ 
age,  although  experienced  geologists,  such  as  Bond  and  others, 
had  been  convinced  by  coflecting  them.  Christol,  Serres,  and 
Toumal,  in  France,  and  Schmerling  in  Belgium,  had  found 
human  remains  in  caves,  associated  closely  with  those  of  various 
extinct  mammals,  and  other  similar  facts  were  on  record. 

Boucher  de  Perthes,  in  1841,  began  to  collect  stone  imple- 
ments in  the  gravels  of  the  vaUey  of  the  Somme,  and,  in  1847, 
published  the  first  volume  of  his  ^'Ai^MquiUs  GM^ae^P  In 
this  work,  he  described  the  specimens  he  had  found,  and  asserted 
their  great  antiquity.  The  facts  as  presented,  however,  were 
not  generally  accepted.  Twelve  years  later.  Falconer,  Evans, 
and  Prestwich  examined  the  same  localities  with  care,  became 
convinced,  and  the  results  were  published  in  1859  and  1860. 
About  the  same  time  Gaudry,  Hubert,  and  Desnoyers,  also  ex- 
plored the  same  valley,  and  annoimced  that  the  stone  imple- 
ments there  were  as  ancient  as  the  mammoth  and  rhinoceros 
found  with  them.  Explorations  in  the  Swiss  lakes  and  in  the 
Danish  shell  heaps  added  new  testimony  bearing  in  the  same 
direction.  In  1863,  appeared  LyeU's  work  on  the  "  Geo- 
logical Evidences  of  the  Antiquity  of  Man,"  in  which  facts 
were  brought  together  from  various  parts  of  the  world,  proving 
beyond  question  the  great  age  of  the  human  race. 

The  additional  proof  since  brought  to  light  has  been  exten- 
sive, and  is  still  rapidly  increasing.  The  Quaternary  age  of 
man  is  now  generally  accepted.  Attempts  have  recently  oeen 
made  to  approximate  in  years  the  time  of  man's  first  appear- 
ance on  the  earth.  One  high  authority  has  estimated  the 
antiquity  of  man  merely  to  the  last  glacial  epoch  of  Europe  as 
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250,000  years;   and  those  best  qualified  to  judge,  would,  I 
think,  regard  tliis  as  a  fair  estimate. 

Important  evidence  has  likewise  been  adduced  of  man^s 
existence  in  the  Tertiary,  both  in  Europe  and  America,  The 
evidence  to-day  is  in  favor  of  the  presence  of  man  in  the 
Pliocene  of  this  country.  The  proof  offered  on  this  point  by 
Professor  J.  D.  Whitney,  in  his  recent  work,*  is  so  strong, 
and  his  careful,  conscientious  method  of  investigation  so  well 
known,  that  his  conclusions  seem  irresistible.  Whether  the 
Pliocene  strata  he  has  explored  so  fullv  on  the  Pacific  coast 
corresponds  strictly  with  the  deposits  which  bear  this  name  in 
Europe,  may  be  a  question  requiring  further  consideration. 
At  present,  the  known  facts  indicate  that  the  American  beds 
containing  human  remains,  and  works  of  man,  are  as  old  as  the 
Pliocene  of  Europe.  The  existence  of  Man  in  the  Tertiary 
period  seems  now  fairly  established. 

In  looking  back  over  the  history  of  Pateontology,  much 
seems  to  have  been  accomplished ;  and  yet  the  work  has  but 
just  begun.  A  small  fraction  only  of  the  earth's  stirface  has 
been  examined,  and  two  large  continents  are  waiting  to  be 
explored.  The  "imperfection  of  the  geological  record,"  so 
often  cited  by  friends  and  foes,  still  remains,  although  much 
improved;  but  the  future  is  full  of  promise.  In  filling  out 
this  record,  America,  I  believe,  will  do  her  full  share,  and 
thus  aid  in  the  solution  of  the  great  problems  now  before  us. 

I  have  endeavored  to  define  clearly  the  different  periods 
in  the  history  of  Palaeontology.  If  I  may  venture,  in  conclu- 
sion, to  characterize  the  present  period  in  all  departments  of 
science,  its  main  feature  would  be  a  belief  in  tmwersal  Imos. 
The  reign  of  Law,  first  recognized  in  the  physical  world,  has 
now  been  extended  to  life,  as  well.  In  return,  life  has  ^ven 
to  inanimate  nature  the  kev  to  her  profounder  mysteries — 
Evolution,  which  embraces  tne  universe. 

What  is  to  be  the  main  characteristic  of  the  next  period  ? 
No  one  now  can  tell.  But  if  we  are  permitted  to  continue  in 
imagination  the  rapidly  converging  lines  of  research  pursued 
to-day,  they  seem  to  meet  at  the  point  where  organic  and 
inorganic  nature  become  one.  That  this  point  wSl  yet  be 
reacmed,  I  cannot  doubt. 

*  AurifeiooB  Gravels  of  the  Sierra  Nevada  of  California.    1879. 
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Abt.   XLIL — On  the  Diamagnetic  Constants  of  Bismuth  and 
Calc-spar  in  Absolute  Measure, 

Part  L — By  H.  A.  Rowland,  Professor  of  Physics  in  the  Johns 
Hopkins  University. 

Since  my  experiments  on  the  magnetic  constants  of  iron, 
nickel  and  cobalt,  I  have  sought  the  means  of  determining 
those  of  some  diamagnetic  substances,  and  to  that  end  have 
described  a  method  m  this  Journal  for  May,  1875,  (vol.  Ijl, 
page  857).  As  Mr.  Jacques,  Fellow  of  the  University,  was 
willing  to  take  up  the  experimental  portion,  I  have  here 
worked  up  the  suoject  more  in  detail  and  brought  the  for- 
mulae into  practical  shape.  No  experiments  have  been  made 
on  this  subject  so  far,  but  some  rough  comparisons  with  iron 
have  been  made  by  Becquerel,  Plucker  and  Weber.  But  as 
iron  varies  so  greatly,  and  as  the  methods  of  experiment  are 
inexact,  we  cannot  be  said  to  know  much  about  the  subieck 
As,  however,  the  relative  results  of  these  experiments  and  thofle 
of  Faraday  can  be  accepted  as  reasonably  exact  for  diamagnetic 
substances  and  weak  paramagnetic  ones,  it  is  only  necessary  to 
make  a  determination  of  one  substance  such  as  bismuth,  and 
then  the  rest  can  be  readily  found.  But  as  bismuth  is  very 
crystalline  it  is  necessary  to  make  our  formulse  general,  unless 
we  use  bismuth  in  a  powder,  which  would  introduce  error. 

The  general  method  of  experiment  has  been  indicated  in  the 
paper  before  referred  to,  but  I  may  here  state  that  it  consists 
in  counting  the  number  of  vibrations  made  by  a  bar  hung  in 
the  usual  manner  between  the  poles  of  an  electromagnet  The 
distribution  of  the  magnetic  force  in  the  field  being  known,  we 
can  then  calculate  the  force  acting  on  the  body,  and  the  com- 
parison of  this  with  the  time  of  vibration  gives  us  the  means 
of  determining  the  constant  sought  But  I  will  leave  the 
more  exact  description  to  be  given  by  Mr.  Jacques  in  the 
experimental  part. 

Mcploration  ofjield. 

The  first  operation  to  be  performed  is  to  find  a  formula  to 
express  the  force  of  the  field  at  any  point,  and  an  experimental 
means  of  determining  it  in  absolute  measure.  The  magnet 
used  was  one  on  the  method  of  Kuhmkorfi^,  and  hence  the 
field  was  nearly  symmetrical  around  the  axis  of  the  two 
branches,  and  also  with  respect  to  a  plane  perpendicular  to  the 
axis  at  a  point  midway  between  its  pole&  Should  any  want 
of  symmetry  exist  by  accident,  it  will  be  nearly  neutralized  in 
its  efiect  on  the  final  result,  seeing  that  the  diamagnetic  bar 
hangs  symmetrically. 
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The  proper  expansion  of  the  magnetic  potential  for  this 
case  is  tnerefore  a  series  of  zonal  spherical  harmonies,  including 
only  the  uneven  powers.     Hence,  if  V  is  the  potential, 

(1)  V  =  A,  Q,  r  +  A,,,  Q,,,  r*  +  Ay  Qv  r*  +  etc. 

where  r  is  the  distance  from  the  center  of  symmetry,  Q,,  Q^^^, 
etc.,  are  the  spherical  harmonies  with  respect  to  the  angle 
between  r  and  the  axis,  and  A^  A,,^,  A^,  eta,  are  constants  to 
be  found  by  experiment  The  only  method  known  of  meas- 
uring a  strong  magnetic  field  with  accuracy  is  by  means  of 
induced  currents,  and  in  this  case  I  have  used  a  modification  of 
the  method  of  the  proof  plane  as  I  have  described  it  in  this 
Journal,  m,  vol.  x,  p.  14.  In  the  method  there  described  the 
coil  was  to  be  drawn  rapidly  away  from  the  given  point :  in 
the  present  case  the  coil  was  moved  along  the  axis,  thus  meas- 
uring the  difference  of  the  field  at  several  points ;  on  then 
placing  it  at  the  center  and  drawing  it  away,  the  field  was 
measured  at  that  point  The  field  at  the  other  points  along 
this  axis  could  then  be  found  by  adding  the  measured  differ- 
ence to  this  quantity.  This  method  is  mr  more  accurate  than 
the  direct  measurement  at  the  different  points. 

When  a  wire  is  moved  in  a  magnetic  field  the  current 
induced  in  it  is  equal  to  the  change  of  its  potential  energy, 
supposing  it  to  transmit  a  unit  current,  diviaed  by  the  resist- 
ance of  the  circuit  The  potential  energy  of  a  wire  in  a  mag- 
netic field  is  (Maxwell's  Elec,  Art  410), 

which  is  simply  the  surface  integral  of  V  over  any  surface 
whose  edge  is  in  the  wire. 

In  the  present  case,  take  the  axis  of  x  in  the  direction  of  the 
axis  of  the  poles  and  the  surface,  S,  parallel  to  the  plane  YZ, 
and  let  p  be  the  distance  in  this  plane  from  the  center  of  the 
coil  we  are  calculating.     Then 

for  a  single  circle. 

dY 
From  (1)  ^  =  ^.(t  +  1)  AH-.r-Q. 

and      p-  =  --(^.-l);  r'=| 
where  /t  =  cos  6 

.-.  P  =  -  2;ra! •+'  2  (»  +  1)  A^J*'' ^^'' 


^H-. 


P=2;r/>':2».AH.,._|_2 
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For  a  circle  of  rectangular  section  we  must  obtain  the  mean 
value  of  this  quantity  throughout  the  section  of  the  coiL 

Where  x^  and  o^  are  the  values  of  x  and  p  at  the  center  of  sec- 
tion and  7j  and  f  are  the  width  and  depth  of  the  groove  in 
which  the  coil  is  wound.  We  can  calculate  this  quantity  beet 
by  the  formula  of  Maxwell  (Electricity,  Art  700), 

M  =  P.  +  A(9^^  +  #^)  +  ete. 

Thus  we  finally  find 

+iAvQV«+etc.} 
It  is  by  aid  of  this  equation  that  we  find  the  coefficients 
A^,  A^,^,  eta  in  the  expansion  of  the  magnetic  potential,  V. 
For,  let  the  coil  be  moved  in  the  field  from  a  position  where  M 
has  the  value  M'  to  where  it  has  the  value  M" :  then  if  the  coil 
be  joined  to  a  galvanometer  the  current  induced  will  be  equal  to 

R 

where  R  is  the  resistance  of  the  circuit     If  an  earth  inductor 

is  included  in  the  circuit  whose  integral  area  is  E,  when  it  is 

2HE 
reversed  the  current  is  -=-  where  H  is  the  component  of  the 

earth's  magnetism  perpendicular  to  the  plane  of  the  inductor. 
The  current  as  measured  by  the  galvanometer  in  the  first  case 
will  be  Osini^(l+J^)  and  in  the  second  Csin^D(l4- Ji), 
where  C  is  the  constant  of  the  galvanometer  and  X  is  the  log- 
arithmic decrement 
Hence 

^l^  =  C8iniD(l+iA) 

.•.M'-M'  =  2HE?i4i 

In  this  way  we  can  obtain  a  series  of  equations  containing 
A,,  A^^,,  etc.,  and  can  thus  find  these  by  elimination. 

This  completes  the  exploration,  and  we  have  as  a  result  a 
formula  giving  the  magnetic  potential  of  the  field  in  absolute 
measure  throughout  a  certain  small  region  in  which  we  can 
experiment 
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The  next  process  is  to  consider  the  action  of  this  field  upon 
any  body  which  we  may  hang  in  it 

Crystalline  Body  in  Magnetic  Field. 

Let  the  body  have  sucb  feeble  magnetic  action  that  the  mag- 
netic field  is  not  very  much  influenced  hj  its  presence,  fii 
all  crystalline  substances  we  know  there  exist  in  general  three 
axes  at  right  angles  to  each  other,  along  which  the  magnetic 
induction  is  in  the  direction  of  the  magnetic  force.  Let  ij,  k^ 
and  i,  be  the  coeflficients  of  magnetization  in  the  directions  of 
these  axes  and  let  a  set  of  coordinate  axes  be  drawn  parallel  to 
these  crystalline  axes,  the  coordinates  referred  to  which  are 
designated  by  a/,  y'  and  z\  and  the  magnetic  components  of  the 
force  parallel  to  which  are  X',  Y'  and  Z'. 

The  energy  of  the  crystalline  body  will  then  be 

In  most  cases  it  is  more  convenient  to  refer  the  equation  to 
axes  in  some  other  direction  through  the  crystal  Let  these 
axes  be  X,  Y,  Z. 

Then 

z  =  x'a'+  y'p''+  z!y' 

X'=  —  =  ^ -a +  —  «'+  —  «' 
dx'       dx  dy  dy 

Y'  =  etc. 

Hence 

X'  =  Xa+Ya'+Za' 

Y'z=X/?  +  Y)e'+Z/>' 
Z'  =Xx  +  Y/+Z/ 

where  a^^^y^  a',  ^,  / ;  and  a!\  ^\  f'  ^^^  ^^^  direction  cosines 
of  the  new  axes  with  reference  to  the  old. 
We  then  find 

+  Z*(A;,a'*+*,/J'«+A?,/«)  +  2XY(A;,aa'+A?,/?/?'+;fc,y>/')  +  2XZ 
{k^aa'-^J(?fifi''+h^yy')+2YZ(k^a  a' +k^' ft' +ky  y')\dxdy  dz 

The  most  simple  and  in  many  respects  the  most  interesting 
cases  are  when  tne  crystal  has  only  one  optic  or  magnetic  axis. 
In  this  case  A;,=  k^ 

Hence 

E  =  -i^{(X*+Y«+Z«)A:,+(Xa+Ya'+Za')«(A;,-A:,)}(fe(?ydSB 

where  a,  a!  and  a!'  are  the  direction  cosines  of  the  magnetic 
axis  with  respect  to  the  coordinate  axes. 
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The  first  case  to  consider  is  that  of  a  mass  of  crystal  in  a 
uniform  magnetic  field.  The  magnetic  forces  which. enter  the 
equation  are  those  due  to  the  magnetic  action  of  the  body  as 
well  as  to  the  field  in  which  the  body  is  placed.  In  the  case 
of  very  weak  magnetic  or  diamagnetic  bodies  the  forces  are 
almost  entirely  those  of  the  field  alone.  Hence  in  the  case 
under  consideration  we  may  put  Y=0  and  Z=0. 

Hence 

E  =  -  Uff^'iiK-  K)  a'^-k^dxdydz, 
and  if  V  is  the  volume  of  the  body 

E=  -  iX*  ((A;  -  A?J  «•+ A:,)  » 

As  this  expression  is  the  same  at  all  points  of  the  field  there 
is  no  force  acting  to  translate  the  body  from  one  part  of  the 
field  to  another.  The  moment  of  the  force  tending  to  increase 
f ,  where  f  =  cos  ~*a,  is 

—  ^=  V  X*  (A?j—  k^  sin  ^  cos  ^ 

By  observing  the  moment  of  the  force  which  acts  on  a 
crystal  placed  in  a  uniform  magnetic  field  we  can  thus  find  the 
value  of  k^—k^  or  the  difference  of  the  magnetic  constant  along 
the  axis  and  at  right  angles  to  it  The  differences  of  the  con- 
stants can  also  be  found  in  the  case  of  crystals  with  three  axes 
by  a  similar  procesa 

The  next  case  which  I  shall  consider  is  that  of  a  bar  hanging 
in  a  magnetic  field.  Let  the  field  be  symmetrical  around  an 
horizontal  axis,  and  also  with  reference  to  a  plane  perpendicular 
to  that  axis  at  the  center.  If  the  bar  is  very  long  with  refer- 
ence to  its  section  and  a  plane  can  be  passed  through  it  and 
the  axis  we  must  have  Z=0,  and  the  equation  becomes 

E=  -  ^fff\{X'+^)k,+  (Xa+ToO*  {K  -  k:i\dxdydz 

Let  the  axis  of  X  coincide  with  the  long  axis  of  the  bar,  as  this 
will  in  the  end  lead  to  the  most  simple  result,  seeing  that  we 
have  to  integrate  along  the  length  of  tne  bar. 

Let  r  be  the  lengtn  along  the  bar  from  the  center  to  any 
point,  and  let  0  be  the  angle  made  by  the  bar  with  the  axis  of 
symmetry :  then 

y__rfV        ^_      1  dY 
dr  r  dO 

also  let  the  section  of  the  bar  be 

az=:dydz 
and  let  the  axis  of  the  bar  pass  through  the  origin  fix>m  which 
we  have  developed  the  potential  in  terms  of  spherical  har- 
monies.   We  can  then  write  as  before 

V  =  A,Q,r-hA,,,Q,,,r--|-AvQvr'+etc 
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where  Q,,  Q^^.,  etc.  are  zonal  spherical  harmonies  with  reference 
to  the  angle  a, 

X  =  -  I  A,  Q, + 3  A,„  Q„,  r'  +  6  Av  Qv  r*  +  etc. } 
Y  =  +  { A,  Q',  r  A„,  q\„  r^+Ay  Q\  r*  +  etc.  {  sin  d 
from  which  we  have  the  following : 
X'  =  A',  Q;+  9  A'„,  Q\y  +  26  A\  Q%r'  +  6  A,  A,„  Q,  Q,,^ 

+ 10  A,  Ay  Q,  QvT*  +  30  A,„  Ay  Q,„  Qy  r'  +  etc. 
Y'=|A\Q'',+A'„,Q'«,„r*+AyQ'%r'+2A,A,„Q',Q',„r' 

+  2  A,  Ay  Q',  Q'y  r*  +  2A,„  Ay  Q'„,  Q'y  r'+ etc.  |  ein*  0 
XY=-  iA',Q,Q',+  8A\„Q„,Q',„r'+6A'yQvQ'yr'  +  (3Q',Q,, 
+  Q,  Q'J  A,  A,„  r"  +  (6Q',  Qy  +  Q,  Q'y)  A,  Ayr*  +  (6Q'„,  Qy 
+  3Q,„  Q'v)  K.  ^y  *•'  +  et«-  {  »i»  * 
The  moment  of  the  force  tending  to  increase  d  is 

„  dE 

whence  we  may  write, 

0=-ia{A((A -*.)«'+*,)  +B  ((*.-*>'•+ *.)-C(A.-*J««'} 

where  A  =  -  if^^^ dr  =  sin d A  /^ x« dr 

B  =  -  -J  r^Y*dr=Bm  0  ^  f^Y*  dr 

<^=  -  ^/"2XYrfr=8in<>|/;'2XTdr 
where  I  is  half  the  length  of  the  bar  and  fi  =  cos  d, 
A=«8in  B\  A\  Q,Q',+ f  A',„Q,„  Q'«/+ VA'.Q.Q'./'+A,A,„(Q',Q,„ 
+ Q,  Q',jr + A,  Ay  (Q',Qy + Q^Q'y)^ +-VSA,,,  Ay  (Q'„,Qy + Q,„Q'y)r  I 
B  =  4; Bin  fl  {A*  (Q',  Q',  sin*  <?  -  Q",  cos  0)  +  A\„  (Q',„  Q',„  sin"  <J 

-  Q",„  cos fl)l-+  Ay  (Q'yQ'y  siu'O-Q'y  COS  <?)^+  A  A,„((Q',  Q',„ 

+Q',  Q'„,)8in'<?  -  2Q',  Q'„,  cosfl^J- + A,  Ay((Q',Q'y  +  Q',  QV)  sin'fl 

-  2Q',  Q'y  cos  o)  ^  +  A,„  Ay  ^(Q',„  Q'y  +  Q',„  Q'y)  sin*  6 

-.2Q'„,Q'yC08<?)^} 
C  =  +  4/{  A',  ((Q,  Q',  +  Q",)  sin'tf-Q.  Q',  cobO)  +  8A',„  ((Q,„  Q'„, 
+  Q"J  sm*  e  -  Q„,  Q',„  cos  e)  I  +  6 A'y  ((Qy  Q'y  -  Q'V)  sin* « 

-QyQ'yC08«)^+  A,A,„((3Q',Q',„  +  3Q',  Q„,+Q',Q',„+Q,  Q'„,)Bin'e 
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+Q',Q'y+Q,Q'v)8m'<J-(6Q',Qv+Q,Q'v)co8<?)^+A,„Av((6Q',,Q, 
+  5Q',,,  Q'v  +  3Q',,,  Q'v  +  3Q,,,  Q'v)  sin*  0  -  (SQ',,,  Q^ 
+  8Q,,,Q'v)co8<?)^[ 

Where 

Q^     =z  cosd 

Q^„  =  i(6co8*<?— Soostf) 

Qv     =  J  (63co8'fl-70coB'fl  +  16co8fl) 

Q'     =  1 

Q';,,=  |  (5co8'tf-l) 

Q'v    =-y^(21co8*«-14co8*tf+l) 

Q'.    =0 

Q'^,,=  16co8fl 

Q'v   =J^(2lco8'tf-7co8fl) 

/i  ^  COB  <> 

A  =  «8inej(A^+HA',,/  +  -S!^A\r-3A,A,,,P+-!,iA,Avr 

-  i^'Vi  A,,,  Av  r)  ^  +  (-  27  A%,,  r  -  1^  AV  P  +  lOA,  A,,,  T 

-  36 A,  Ayt'  +  mt  A„, Ayr)  fi*  +  (H^A\,, T  +  iiy^  A%r 
+  -i|4A,Av  r  -  Aifi  A  „  Av  r)//'  +  ( -  IJ^  A'v  r+4J4A,„  Av  /•)/*' 

B  =  4/8infl|(-A\-|fAV,,r-%tAV+6A,A,,,r-^A,AW 
+  ?^A,,,AvP)^+(^A%,/-i^Avr-10AA./+-4^A,Avr 

-  HH  A,,,  AvO/^*+  (-  -^F  A*,,,  r  -  tJ^ftiA  AV  -  H*A,  Ay/* 
+  A^A,,,  Avr)A*'+ (iW*AV-H^A,,,Avr);*'+ tVi^AW^i*  J 

C  =  4/{(-AV-WAV-JA,A,,,r  +  ,VA,Avr-jA,,,Avn 
+  (-fA,A,,,0/^  +  (-WA\«r-6A,A,,,r-iA,Avr 
+  H*  A,,,  Av  n  M*  +  9 A,  A„,  r  ;.•  +  (45  A',,,  r  +  ^W*  A%  r 
+  J  A,  A,,,P+HX  A,  Av  r  -  AW  A,,,  Av  r);.*-  4^  A,  A,,,  r^' 
+  {-¥- A',,/-  Mftti  AV-  H^A,  Ayr  +tV^A,,,  AvfK 
+  Hi^  A'v  /•  -  x|x»  A,,,  Av  r)  M'  \ 
Or  we  can  write 

A  s=  4f8in  fljL^i +L';^'  +  L';<*+  etc.} 
B  =  4^8111 0{!An  +  MV  +  etc  | 
C  =  2/ {N  +  N'ju  +  NV  etc } 

where  the  values  of  L,  M,  etc.  are  apparent. 
To  sum  up  we  may  then  write  as  before 
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where  A,  B  and  C  are  the  quantities  we  have  found,  a  is  the 
cosine  of  the  angle  made  by  the  axis  of  the  crystal  with  the 
axis  of  the  bar,  and  a!  is  the  cosine  of  the  angle  made  by  the 
same  axis  with  a  horizontal  line  at  right  angles  to  the  bar. 
The  equation 

0  =  0 

gives  equilibrium  at  some  angle  depending  on  a  and  o^,  and  if 
either  of  these  is  zero  the  angle  can  be  either  <?  =  0  or  i;r,  one 
of  which  will  be  stable  and  the  other  unstable  according  as  the 
body  is  para-  or  dia-magnetic. 

For  a  diamagnetic  crystal  like  bismuth  with  the  axis  at  right 
angles  to  the  bar  we  can  put 

/i  zi:  cos  ^=  sin  tf)  and  a  =  0, 
and  we  can  write 

0=.-ia}4/A?,(L^+I^'*+etcO+4Z[(A;-^Ja'*+AJ[M/u+MV+etc.]} 
or  for  very  small  values  of  [i  we  can  write  in  terms  of  ip 

If  I  is  the  moment  of  inertia  of  the  bar  and  t  is  the  time  of  a 
single  vibration,  we  may  write 

If  we  hang  up  the  bar  so  that  a'=0  we  have 

and  if  we  hang  it  up  so  that  a^^^n  we  have  again 

whence 

71*1 1_ 

where 

L=A'-8A,A,„r+(f*A»,„+J^A,Av)^-WA,„Avr+JAVA'v/' 
M=-A',+ 6AA,/-  (J*A«,„+ i^A,Av)r + «AtA„,A,  r- WAV 
L+M  =  3A,A,„r-(AA'„,+4^A,Av)r+VM,«Avf-HA%r 

For  a  cleavage  bar  of  calc  spar  we  must  use  the  general 
equation.     For  equilibrium  we  have 

A;,{Aa'+Ba^  -  Caa'}  +  *,{A(1  -  o^)  +  B(l  -a")  +  Caa']=0 

which  gives  us  the  ratio  of  \  to  k^  For  this  experiment  it  is 
best  to  hang  up  the  bar  so  that  the  axis  is  in  tne  horizontal 
plane  and  we  should  then  have 
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For  obtaining  another  relation  it  is  best  to  suspend  the  bar 
with  0^=0  and  we  then  have  the  position  of  stable  equilibrium 
at  the  point  d=J;r,  which  gives 

whence 

^•I  1 

*.  =  ■ 


2aie 


-[{^-^y-kh-k 


these  various  equations   give  the  complete  solution  of  the 
problem  of  finding  the  vanous  coefficients  of  magnetization. 


Part  EL— By  William  W.  Jacques,  Fellow  in  Physics  of 
the  Johns  Hopkins  University. 

In  the  foregoing  part  of  this  paper  there  have  been  deduced 
mathematical  expressions  for  the  constants  k  and  k'  both  for 
bismuth  and  for  calc-spar  crystala  In  these  expressions  it  is 
necessary  to  substitute  certain  quantities  obtained  by  a  series 
of  experiments,  and  it  is  the  purpose  of  the  remaining  portion 
of  the  paper  to  describe  briefly  the  way  in  which  these  quanti- 
ties were  obtained. 

These  experiments  are  naturally  divided  into  two  parts. 
First,  the  exploration  of  the  small  magnetic  field  between  the 
two  poles  of  the  electromagnet,  and  second,  the  determination 
of  the  time  of  swing  and  certain  other  constants  relating  to 
little  bars  of  the  substances  experimented  upon  when  suspended 
in  this  field. 

In  order  to  insure  the  constancy  of  the  magnetic  field,  a 
galvanometer  and  variable  resistance  were  inserted  in  the 
circuit  through  which  the  magnetizing  current  circulated.  This 
space  between  the  poles  of  the  electromagnet  in  which  the 
experiments  were  peitormed  was  a  little  larger  than  a  hen's  egg. 

The  method  of  exploring  this  field  was  as  follows:  In  the 
line  joining  the  centers  of  the  two  poles  was  placed  a  little 
brass  rod,  along  which  a  very  small  coil  of  fine  wire  was  made 
to  slida  To  this  rod  were  fixed  two  little  set-screws  to  r^u- 
late  the  distance  through  which  the  coil  could  be  moved. 
Starting  now  always  from  the  center,  the  coil  was  moved 
successively  through  distances  a,  b  and  c,  and  the  corresponding 
deflections  of  a  delicate  mirror  galvanometer  contained  in  the 
circuit  were  noted.  To  each  of  these  deflections  was  added  the 
deflection  due  to  quickly  pulling  the  coil  away  from  the  center 
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to  a  distance  such  that  the  magnetic  potential  was  negligably 
small  Of  course,  experiments  were  made  on  both  sides  of  the 
center  of  the  field  in  order  to  eliminate  any  want  of  symmetry, 
and  the  distances  through  which  the  coil  moved  were  all  care- 
fully measured  with  a  dividing  engine. 

In  order  to  reduce  the  deflections  of  the  galvanometer  to 
absolute  measure,  an  earth  inductor  was  included  in  the  circuit 
with  the  little  coil  and  galvanometer  and  the  deflections  pro- 
duce<i  by  this  were  compared  with  those  produced  by  moving 
the  little  coil.  These  deflections  were  taken  between  every 
two  observations  with  the  little  coil. 

The  deflections  due  to  moving  the  little  coil,  those  due  to 
the  earth  inductor  and  that  due  to  pulling  the  coil  away  from 
the  center  are  given  in  the  following  table : 

DiBtanoe  a.  Distance  b.  Distance  c. 

Coil 4-407^  O-eSS^'"^  6-368<»" 

Earth  inductor-.  83-138«"            83-187«°»  83162^ 

Drawing  coil  away  from  center 67'416°°* 

In  order  to  determine  the  proper  quantities  for  substitution 
in  the  expression  for  the  magnetic  potential  of  the  field,  it  was 
necessary  to  measure,  besides  the  deflections  due  to  the  little 
coil  when  moved  through  various  distances  and  those  due  to 
the  earth  inductor. 

The  mean  radius  of  the  small  coil =  •8912°°* 

Number  of  turns =  83* 

Width  of  coil =  •1824c°> 

Depth  of  coil =  •1212c"> 

Inte^l  area  of  earth  inductor =  20716'2<^°> 

Horizontal  intensity  of  earth's  magnetism =  •!  984°«« 

The  quotient  of  the  mean  radius  of  the  coil  by  the  distance 
moved  ^ave  tan  0, 

The  hnear  measurements  were  made  with  a  dividing  engine. 

The  horizontal  intensity  of  the  earth's  magnetism  was  deter- 
mined by  measuring  the  time  of  swing  of  a  bar  magnet  and  its 
effect  upon  a  smaller  galvanometer  needle.  The  proper  substitu- 
tion of  these  quantities  in  the  formula  given  save  the  expression 
in  absolute  measure  for  the  magnetic  potentisuTat  any  part  of  the 
field. 

The  remaining  part  of  the  experiment  and  the  part  that  was 
attended  with  greatest  diflficulty,  was  to  prepare  little  bars  of 
the  substances  and  to  determine  the  times  of  vibration  of  these 
when  suspended,  first  with  the  axis  vertical  and  then  with  it 
horizontal  in  the  magnetic  field.  Besides  this,  the  dimensions 
and  the  moment  of  inertia  of  each  bar  had  to  be  determined, 
and,  in  the  case  of  the  calc-spar,  the  angle  the  bar  made  with 
the  equatorial  line  of  the  poles  when  in  its  position  of  equilib- 
rium, had  to  be  measured. 
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Bismuth  and  calc-spar  were  the  two  crystals  experimented 
upon ;  quite  a  number  of  other  substances  were  triea  bat  failed 
to  give  good  results  because  of  the  iron  contained  in  them  as 
an  impurity.  The  bars  were  each  about  15"™  long  and  aboat 
2mm  JQ  ^pQgg  section.  The  force  to  be  measured  bein^  only 
about  -OOOOOOOl  of  that  ei^erted  in  the  case  of  iron  it  was 
necessary  to  carry  out  the  experiments  with  the  very  greatest 
cara 

In  order  to  obtain  bars  free  from  iron,  very  fine  crystals  of 
chemically  pure  substances  were  selected  and  the  bars  cleaved 
from  theuL  They  were  then  polished  with  their  various  sides 
parallel  to  the  cleavage  planes  by  rubbing  on  clean  plates  of 
steatite  with  oiL  In  order  to  remove  any  particles  of  iron  that 
might  have  collected  upon  them  daring  these  processes,  thev 
were  carefully  washed  with  boiling  hydrochloric  acid  and  with 
distilled  water  and  then  wrapped  in  clean  papers,  and  never 
touched  except  after  washing  the  hands  with  hydrochloric  acid 
and  distilled  water. 

In  order  to  reduce  to  a  minimum  the  causes  that  might 
interfere  with  the  accurate  determination  of  the  times  of  vibra- 
tion of  these  bars  the  poles  of  the  magnet  were  encased  by  a 
box  of  glass.  From  the  top  of  this  a  tube  four  feet  long 
extended  up  toward  the  ceiling,  and  inside  this  was  hung  a 
single  fiber  of  silk  so  small  as  to  be  barely  visible  to  the  naked 
eye.  The  bars  were  placed  in  little  slings  of  coarser  silk  fiber 
and  suspended  by  this.  Outside  the  glass  case  was  a  micro- 
scope placed  horizontally  and  having  a  focus  of  about  six 
inches.  This  was  directed  toward  the  suspended  bar,  and 
when  the  latter  was  at  rest  the  cross  hairs  of  the  microscope 
fell  upon  a  little  scratch  in  one  end  of  the  bar.  Near  by  was  a 
telegraph  sounder  arranged  to  tick  seconds.  The  bar  was  set 
swinging  through  a  small  arc  by  making  and  breaking  the 
current,  and  the  interval  between  two  successive  transits  of  the 
little  scratch  on  the  bar  by  the  cross  hairs  of  the  microscope 
was  measured  in  seconds  and  tenths  of  a  second  by  the  ear. 
By  keeping  count  through  a  large  number  of  successive  transits 
the  time  oi  a  single  swing  could  be  determined  with  very  great 
accuracy.  The  bar  was  caused  to  swing  only  through  a  few 
degrees  of  arc  and  such  small  correction  for  amplitude  as  was 
found  necessarv  was  applied.  The  time  of  swing  was  deter- 
mined first  with  the  axis  vertical  and  then  with  it  horizontal. 
But  besides  the  time  of  swing  of  each  bar  it  was  mecessary  to 
measure:  the  length;  area  of  section;  moment  of  inertia  in 
each  position ;  and  for  the  calc-spar  bar  the  angle  it  made 
with  the  equatorial  plane  of  the  magnet  when  in  its  position  of 
equilibrium.  This  was  not  necessary  in  the  case  of  bismuth, 
because  its  position  of  equilibrium  lay  in  the  equatorial  plana 
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Bismuth. 

Time  of  MomeDt  of  Half  Area  of 

swing.  inertia.  length.  section. 

Axis,  vertical 7-18-^  -lOOYe^^-         ...  .n^^^ftcm 

Axis,  horizontal,  .-  5-76^"  •10943*^«'»  '"^"  ^"^^^^ 

CalC'Spar, 

Time  of     Moment  of      Half  Area  of 

swing.         inertia.        length.        section.  ^ 

Axis,  veitical 46-35»^<^     -OSOS^^-  o  g^, 

Axis,  horizontal ...  43-39"°     •0300«g«      ^^^^         "^^^        ^^    ^^ 

The  linear  measurements  were  made  with  a  dividing  engine, 
the  moments  of  inertia  were  calculated  from  the  dimensions  of 
the  bars.  The  angle  at  which  the  calc-spar  stood  was  meas- 
ured by  projecting  the  linear  axis  on  a  scale  placed  at  a 
distance. 

The  above  quantities  being  all  determined  and  properly  sub- 
stituted, the  solution  of  the  equations  gave  for 

Bismuth *,  =--000  000  012  654 

A;,,  =  --000  000  014  324 

Calc-spar k,   =—-000  000  037  930 

A?,,=--000  000  040  380 


Akt.  XLin. — On  the  Vapcr-Denaiiies  of  Peroxide  of  Nitrogen^ 
Formic  Acid,  Acetic  Acid,  and  PerMoride  of  Phosphorus  ;  by 

J.  WiLLABD  GiBBS. 

[Contmued  from  page  293.] 

Acetic  odd. — For  this  substance  the  densities  have  been  cal- 
culated by  the  formula 

,      2-073  (D  — 2-073)  3520      .,  ,,  ^^^  .^, 

^^«     (4-146-Dr       =:^^T273+^"g^"^^'^^">  ^'^^ 

the  constants  8520  and  11-849  being  derived  from  the  determi- 
nations of  Cahours  and  Bmeau,  which  with  those  of  Horstmann 
and  Troost  are  given  in  Table  IV.  The  experiments  of  Ca- 
hours and  Horstmann  were  made  under  atmospheric  pressure, 
those  of  Horstmann*  by  the  method  of  Bunsen,  those  of 
Cahours  presumably  by  the  method  of  Dumas.  The  numbers 
in  the  first  column  of  the  densities  observed  by  Cahours  are 
taken  from  the  twentieth  volume  (1845)  of  the  Comptes  Rendus, 
except  a  few  cases,  distinguished  by  parentheses,  which  are 
taken  from  the  preceding  volume  (1844).  The  numbers  in  the 
second  column  are  taken  from  his  Legons  de  chimie  g6n6rale 
^Wmentaire,  1856.    These  numbers  seem  to  be  based  in  part 

*  Lieb.  Ann.,  Suppl.  VI,  p.  66. 
Am.  Jocjb.  Sol— Third  Sbribs,  Vou  XVni,  No.  107.— Nov.,  1879. 
24 
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Tabls  IV.  —  AcsTic   Acid. 
ExperimentB  of  Cabocbs, — ^HoBsnujnr, — BnoAV, — TiOQsr. 


Temper- 
stare. 

Pre«- 
nre. 

DeMlty 
ealcby 
eq.(12>. 

DcMttrolMerT^a. 
Cahous. 

C.B.    Le«o».    ^SSi 

1     KzeeMoCotaemd 
1            Cahomn. 

Bom- 

C.B.       LetoM. 

338 

(760) 

2077 

3*08 

^ 

*00 

336 

(760) 

2-077 

2-082 

+  •006 

327 

(760) 

2078 

2*08     3-086 

•00        +-007 

331 

(760) 

2079 

3*08     2*083 

•00       +-004 

308 

(760) 

2-081 

2085 

+  •004 

300 

(760) 

2*083 

2-08 

•00 

295 

(760) 

2-084 

3*083 

--001 

280 

(760) 

2*089 

3-08 

-*01 

372 

(760) 

3-093 

3-088 

-*005 

354*6 

747-2 

3-106 

2-136 

+  •030 

362 

(760) 
(760) 

3108 

2090 

— *018 

250 

2111 

2*08 

—•03 

240 

(760) 

3-123 

3-090 

-•033 

233-5 

752-8 

3132 

2-196 

+  •063 

231 

(760) 

2137 

(3  13)   3-101 

(-•02)     --036 

330 

(760) 

2139 

2*09 

-•06 

319 

(760) 

2-166 

217     2 132 

+  •01       —-033 

300 

(760) 
(760) 

2239 

2*22     2*248 

-•02       +-009 

190 

2-298 

2*30     2-378 

•00       +-080 

181*7 

749-7 

2-359 

3-419 

+  *060 

180 

(760) 

2-376 

2-438 

+  •063 

171 

(760) 

2-466 

2*42 

—•06 

170 

(760) 

3-477 

2-430 

+  •003 

1650 

7541 

2-634 

2*647 

+  •113 

162 

(760) 

2-676 

2*683 

+  •008 

160-3 

751-6 

2-594 

2649 

+  •066 

160 

(760) 

2-601 

2*48 

-12 

153 

(760) 

2-716 

(2*72)   2*727 

(00)      +-011 

150 

(760) 

3-747 

2-76 

•00 

145 

(760) 

2-826 

(2-75) 

(-•08) 

140 

(760) 

2-910 

2-90     2-907 

—•01       — -003 

134-3 

748-8 

3001 

3108 

+  •107 

131-3 

754-1 

3-056 

3-070 

+  •016 

130 

(760) 

3-083 

312     3*105 

+  •04       +-033 

128-6 

762-9 

3-103 

3*079 

—•024 

125 

(760) 
(760) 

3168 

3*20 

+  •03 

124 

3-185 

3194 

+  •009 

Btnean.        Troort. 

Btoefta.               TroMft. 

132 

757 

3-05 

(2-86) 

(-19) 

130 

59-7 

3-31 

2*12 

-•19 

130 

306 

3-21 

2-10 

-•11 

129 

633 

3*03 

(2-88) 

(-15) 
—•01 

36-5 

11-32 

3-63 

3-62 

350 

11*19 

3-65 

3*64 

—•01 

30-0 

6-03 

3-61 

3-60 

—-01 

28-0 

10-03 

3-75 

3-76 

•00 

34-0 

5-76 

3-71 

3-70 

—•01 

22-0 

8-64 

3-83 

386 

+  •03 

22 

2-70 

3*59 

3*56 

—•03 

210 

4-06 

3-70 

3-72 

+  •02 

20-5 

10-03 

3-86 

3*95 

+  09 

20-0 

8-65 

3-84 

3-88 

+  •04 

200 

5-56 

3-77 

3-77 

•00 

19-0 

400 

3-73 

3-75 

+  02 

19 

2-60 

3-65 

3-66 

+  01 

12-0 

6-23 

3-88 

3-92 

+  •04 

12 

2-44 

3-77 

3-80 

+  -03 

11-5 

3-76 

3-84 

3-88 

+  04 
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upon  new  experiments  and  in  part  upon  a  revision  of  the  ob- 
servations recorded  in  the  Comptes  Kendas,  the  calculations 
being  carried  out  to  another  figure  of  decimals.  They  are 
therefore  entitled  to  a  greater  weight  than  the  numbers  of  the 
preceding  column. 

The  agreement  of  the  formula  with  the  numbers  given  in  the 
Le5ons  de  chimie  is  very  good,  the  greatest  divergences  being 
•080  at  190°  and  -062  at  180°.  But  at  190°  the  table  in  the 
Comptes  Rendus  agrees  precisely  with  the  formula,  and  at  171° 
(the  next  experiment^  it  shows  a  divergence  in  the  opposite 
direction.  The  next  divergences  in  the  order  of  magnitude  are 
-033,  --036,  --032  at  219°,  231°,  240°,  respectively.  Here 
the  table  in  the  Comptes  Rendus  agrees  substantially  with  that 
of  the  Le5ons,  but  the  experiments  of  Horstmann  show  a  diver- 
gence to  the  opposite  direction.  In  fact,  the  three  columns  of 
observed  densities  nowhere  agree  in  the  direction  of  their  di- 
vergence from  the  formula. 

The  somewhat  decided  diflferences  between  the  results  of 
Horstmann  and  those  of  Cahours  may  be  due  in  part  to  the 
different  methods  of  observation,  especially  to  the  entirely  dif- 
ferent manner  of  applying  the  heat  and  measuring  the  tempe- 
rature. But  the  higher  values  obtained  by  Horstmann  cannot 
be  accounted  for  by  too  short  an  exposure  to  the  source  of  heat, 
for  his  experiments  were  made  with  decreasing  temperatures. 

The  determination  of  Bineau  are  taken  from  the  same  sources 
as  those  on  formic  acid,  the  earlier  determinations  being  dis- 
tinguished as  before  by  parentheses.  One  of  these  (at  132°) 
was  made  by  the  method  of  Dumas,  the  other  by  that  of  Gay- 
Lussac.  The  smallness  of  the  observed  densities  appears  due 
to  the  presence  of  water.  (An  acidimetric  test  gave  296  parts 
of  acid  in  306.)  The  other  experiments  were  made  with  the 
same  apparatus  whicb  was  used  with  formic  acid  and  show  even 
greater  regularity  in  their  results  than  the  experiments  with 
that  substance.  Only  in  one  case  is  the  influence  of  proximity 
to  saturation  seen,  viz.,  at  20*6°  and  10*03"™,  the  pressure  of 
saturated  vapor  at  this  temperature  being  about  12-7"°™.*  In 
the  remaining  fifteen  observations  of  this  series,  notwithstand- 
ing the  very  low  pressures  emplo/ed  (from  2*44  to  11*32),  the 
greatest  difference  between  the  observations  and  the  formula  is 
•04,  and  the  average  difference  02. 

The  two  observations  by  Troostf  were  made  by  the  method 
of  Dumas,  but  at  pressures  very  low  for  this  method.  The 
results  obtained  differ  considerably  from  the  formula,  but  not 
so  much  as  in  the  case  of  his  experiments  at  low  pressure  with 
peroxide  of  nitrogen. 

*  This  number  is  obtained  from  data  given  by  Bineau  by  the  same  kind  of  in- 
terpolation which  was  used  for  formic  acid, 
f  Oomptes  Rendus,  vol  Ixxxvi  (1878),  p.  1396. 
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Table  V  contains  the  experiments  of  Naumann*  on  acetic 
acid.     These  consist  of  ten  series  (distinguished  by  the  letters 

Tablb    V.  —  AcBTic    Acid. 

Experiments  of  Naumanv. 


Tempbrature. 

78^ 

100** 

110** 

120" 

130* 

140'' 

150" 

160'       185* 

(  Pressure. 

393-5 

411 

432 

455 

477 

498*6 

565 

.Id.  calc. 
^'  D.  obs. 

339 

323 

306 

2-90 

2^75 

2-61 

2-08 

344 

331 

3  14 

2-97 

2-82 

2-68 

2-36 

Exc.  of  D.  obs. 

+  06 

+  •08 

+  •08 

+  •07 

+  •07 

+  •07 

+  ^8 

r  Pressure. 

342-3 

3593 

377-5 

398-6 

417-5 

436-6 

495 

B^ 

D.  cala 

335 

3^18 

3-02 

2-85 

2-70 

2^57 

2-26 

D.  obs. 

3-37 

3-22 

306 

2-89 

2-75 

2-63 

2-31 

Exa  of  D.  obs. 

+  02 

+  •04 

+  •04 

+  •04 

+  05 

+  •06 

+  •06 

r  Pressure. 

258 

382 

pi  D.  cala 
^i  D.  obe. 

326 

222 

317 

2-25 

I^Exa  of  D.  obs. 

-09 

+  63 

r  Pressure. 

232 

252 

274 

28';-5 

300 

335 

^iD.obs. 

3-23 

2^87 

2-72 

2-58 

2^46 

2-21 

312 

2-94 

2-68 

2-54 

244 

2-23 

^  Exc.  of  D.  obs. 

—  11 

+  •07 

-•04 

-04 

-•02 

+  02 

r  Pressure. 

164 

186 

197 

209 

221 

232 

243 

253 

269 

jf]  D.  cala 
*^i  D.  obs. 

3-53 

3^16 

2-97 

2^81 

2-65 

2-52 

2-41 

232 

2-18 

3-41 

306 

291 

2-75 

2^61 

260 

2-40 

231 

2-22 

[ExaofD.  obs. 

-•12 

-09 

-06 

-•06 

-04 

-•02 

-•01 

-01 

+  -W 

f  Pressure. 

149 

168 

201 

P  J  D.  cala 
*  1  D.  obs. 

3-60 

312 

262 

3-34 

301 

2*56 

I^Bxc.  of  D.  obs. 

-•16 

-11 

-06 

r  Pressure. 

137 

156 

166-5 

180 

188 

199 

208-2 

230 

^  J  D.  cala 
^1  D.  obs. 

3*48 

3^09 

2-92 

275 

2-60 

2-47 

2-37 

2-17 

3-26 

2-98 

281 

2-61 

2-50 

2-40 

2-29 

2-14 

Exa  of  D.  obs. 

-•22 

-11 

-•11 

-•14 

-•10 

-07 

-•08 

-•03 

r  Pressure. 

113 

130 

138-5 

149 

167-5 

168-2 

175 

191-5 

jj\  D.  cala 
^i  D.  obs. 

342 

803 

2^86 

2-69 

255 

2-43 

233 

2-15 

3-26 

2-94 

2^78 

2^60 

2^47 

2-32 

226 

213 

Ezc.  of  D.  obs. 

-17 

-09 

-07 

-09 

-•08 

-11 

—07 

—  •02 

(  Pressure. 

80 

92 

98-6 

106 

112-5 

117  3 

129^2 

tJ  D.  cala 
•'Id.  obs. 

3-32 

2^91 

2^73 

2^58 

2-45 

2-36 

2-21 

306 

2^76 

2-61 

2^46 

2^34 

2-27 

211 

^Kxaof  D.  obs. 

-•26 

-15 

-12 

-12 

-11 

-08 

-10 

r  Pressure. 

66 

77^7 

84 

89^5 

93 

98 

103 

110-5 

^j  D.  cala 
^1  D.  obs. 

326 

2-85 

2^68 

2-53 

2^40 

2^31 

2-24 

212 

3-04 

266 

2-49 

2-37 

232 

2-24 

216 

211 

Exaof  D.  obs. 

-•22 

-•19 

-19 

-16 

-•08 

-•07 

-•08 

-•01 

A,  B,  C,  etc.)  of  observations  by  HoflPmann's  method.f     The 
temperatures  of  the  observations  in  the  different  series  are  for 

♦  Lieb.  Ann.,  voL  dv,  S.  325. 

t  This  is  a  modification  of  the  method  of  Gay-Lussac,  in  which  the  heat  is  sup- 
plied by  a  vapor  bath. 


Digitized  by 


Google 


J,  TT.  GHtbhs  —  Vapor- Densities,  875 

the  most  part  the  same,  so  that  for  each  temperature  we  have 
observations  through  a  wide  range  of  pressures.  Within  each 
compartment  of  the  table  are  given  in  order  the  pressure  of  an 
•  experiment,  the  density  calculated  by  equation  (12),  the  ob- 
served density,  and  the  excess  of  observed  density,  the  tempe- 
rature of  the  experiment  being  given  at  the  head  of  the  column. 
These  experiments,  taken  by  themselves,  seem  to  show  an 
eflfect  of  pressure  upon  the  density  about  one  third  greater  than 
is  indicated  by  the  formula.  But  the  divergences  (of  which  the 
greatest  is  -26  and  the  average  "OSS),  are  not  large  in  view  of  the 
fact  that  the  experiments  were  undertaken  rather  with  the  de- 
sire of  obtaining  a  great  number  of  observations  with  moderate 
labor,  than  with  the  intention  of  attaining  the  greatest  possible 
accuracy. 

The  quantity  of  acid  diminishes  somewhat  regularly  from 
•2084  grams  in  series  A  to  0185  in  series  K.  The  volume, 
which  was  154^  in  the  experiment  at  185°  in  series  A,  dimin- 
ishes in  the  successive  series,  and  in  the  same  series  with 
diminishing  temperature,  to  69'6^  in  the  experiment  at  78°  in 
series  K.  It  is  worthy  of  notice  that  the  greatest  deviations 
from  the  formula  occur  where  the  liability  to  error  is  most 
serious  with  respect  to  pressure  (which  was  measured  without 
a  cathetometer),  to  volume,  and  to  the  quantity  of  acid. 

Far  more  serious  than  the  absolute  amount  of  these  diverg- 
ences, is  the  regularity  which  they  exhibit  But  it  must  be 
remembered  that  the  observations  are  bv  no  means  entirely 
independent,  and  many  sources  of  possible  error,  such  as  the 
calibration  of  the  tube  and  the  determination  of  the  quantity  of 
acid,  might  aflFect  the  results  with  considerable  regularity. 

Only  to  a  slight  degree  can  the  divergences  from  the  formula 
be  accounted  for  by  an  insuflScient  exposure  to  the  temperature 
of  the  experiment  The  observations,  except  those  at  78°, 
were  made  with  increasing  temperatures,  and  the  greatest 
divergences  from  the  formula  are  not  in  the  positive  direction. 
Yet  the  positive  divergences  occur  where  we  should  most 
expect  to  find  them,  if  they  were  due  to  this  cause,  viz.,  in  the 
series  in  which  the  greatest  quantities  of  acid  were  used,  and  in 
cases  in  which  the  temperature  seems  to  have  been  raised  at 
once  an  unusual  number  of  degreea  (See  especially  the  obser- 
vation at  120°  in  series  D,  and  in  general  the  observations  at 
185°,  which  exhibit  if  not  a  positive  at  least  a  diminution  of 
negative  excess.)  In  the  observations  at  78°,  which  were  the 
last  of  each  series,  and  therefore  followed  a  fall  of  temperature 
from  185°,  we  find  in  some  cases,  especially  in  series  G,  H,  and 
J,  a  negative  divergence  much  greater  than  in  the  other  deter- 
minations of  the  same  series,  and  which  appears  to  be  referable 
to  this  circumstance. 
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In  Table  VI  are  exhibited  the  results  of  experiments  by 
Playfair  and  Wanklyn,*  in  which  the  vapor  of  the  acid  was 
diluted  with  hydrocen  or,  in  a  single  case  (the  experiment  at 
95*5°),  by  air.  Columns  I  and  II  of  the  observed  densities 
relate  each  to  a  series  of  observations  by  the  method  of  Gtaj- 
Lussac,  column  III  contains  four  independent  determinations 
by  the  method  of  Dumas.  The  numbers  in  the  column  of 
pressures  are,  as  in  other  similar  cases,  the  partial  pressures 
obtained  by  subtracting  from  the  total  pressure  (which  was 
never  very  much  less  than  that  of  the  atmosphere)  that  which 
would  be  exerted  by  the  hydrogen  or  air  alone. 

Tablb    VI.  — Acetic   Acid. 
Experiments  of  Plattair  and  Wahxltv. 


Temper- 

Presa- 
nre. 

Density 
calcby 

Density  obeenred. 

EzoeM  of  otMerred  denatty. 

eq.  (12). 

I. 

n. 

m. 

L 

n. 

m. 

212-6 

322-8 

2-124 

2-060 

--064 

194 

326-0 

2-168 

2-066 

-113 

186 

264-4 

2-173 

1-936 

--237 

182 

319-4 

2-213 

2-108 

-106 

166-6 

289-6 

2-293 

2-360 

+  •067 

163 

246-8 

2-290 

2-017 

-•273 

132 

227-6 

2-628 

2-292 

-•336 

130-6 

286-7 

2-729 

2-426 

-•303 

119 

269-0 

2-914 

2-623 

-•291 

116-6 

211-3 

2-876 

2-371 

-•606 

96-6 

(123-8) 

3-106 

2-694 

-•611 

86*6 

(200-4) 

3-432 

3-172 

—•260 

79-9 

(83-3) 
(46-2) 

3-297 

8-340 

+  •043 

62-6 

3-473 

3*960 

+  •477 

The  first  observation  of  the  first  series  gives  the  density 
1986,  which  is  doubtless  too  small,  since  it  is  much  less  than 
the  theoretical  limit  2*078.  Since  the  greater  part  of  the  meas- 
urements from  which  this  number  was  calculated,  were  also 
used  in  reducing  the  other  observations  of  the  series,  the  error 
probably  aflfects  the  other  observations,  and  in  a  somewhat 
increasea  degree.  This  will  account  only  for  a  part  of  the 
difference  between  the  observations  and  the  formula.  The 
remaining  part  of  the  differences  in  this  series,  and  the  some- 
what smaller  differences  in  the  next,  may  be  due  to  the  fact 
that  the  experiments  of  both  series  were  conducted  with  descend- 
ing temperatures.  Yet  the  experiments  of  the  third  column, 
which  were  made  by  Dumas'  method,  do  not  exhibit  any  pre- 
ponderance of  positive  values  for  the  excess  of  observed  density, 
but  rather  the  opposite. 

On  the  whole,  these  experiments  furnish  no  decisive  indica- 
tion of  any  influence  of  the  hydrogen  or  air  upon  the  vapor. 
*  Trans.  Boy.  Soa  Edinb.,  yoL  xxii,  p.  466. 
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They  may  be  thought  to  corroborate  slightly  the  tendency 
observed  in  the  experiments  of  Naumann  and  Troost  toward 
lower  densities  than  the  formula  ^ves  at  very  low  pressures. 
Yet  where  the  experiments  of  Naumann  show  the  greatest 
deficiency  in  observed  density  (at  78°  and  80°™),  an  experiment 
of  Playfair  and  Wanklyn,  at  almost  precisely  the  same  tem- 
perature and  pressure,  gives  a  trifling  excess  of  observed 
aensity,  and  at  a  little  lower  temperature  and  pressure,  where 
we  should  expect  from  the  experiments  of  Naumann  that  the 
deficiency  would  be  still  greater,  an  experiment  of  Playfair  and 
Wanklyn  shows  a  great  excess  of  density. 

By  combining  the  experiments  of  Cahours,  Naumann  and 
Troost,  we  may  obtain  observations  of  density  at  180°  for  a 
very  wide  range  of  pressures.  For  one  atmosphere,  we  may 
regard  the  formula  as  coinciding  with  the  average  of  the  num- 
bers given  by  Cahours.  For  pressures  between  three-quarters 
and  one-half  of  an  atmosphere  the  experiments  of  Naumann 
show  an  excess  of  density ;   at  pressures  below  half  an  atmos- 

Shere  the  experiments  both  of  Naumann  and  of  Troost  show  a 
eficiency  of^  density  as  compared  with  the  formula.  For  an 
indefinite  diminution  of  pressure,  there  can  be  little  doubt  that 
the  real  densitv,  like  tne  value  given  by  the  formula,  ap- 
proaches the  theoretical  value  2*078.  The  greatest  excess  in 
the  numbers  obtained  by  experiment  is  07 ;  the  greatest  defi- 
ciency is  '19,  which  occurs  at  69*7°™ ;  the  next  in  order  of 
ma^itude  is  '11,  which  occurs  more  than  onca  These  discrep- 
ancies are  certainly  such  as  may  be  accounted  for  by  errors  of 
observation.  They  do  not  appear  to  be  greater  than  we  might 
expect  on  the  hypothesis  of  the  entire  correctness  of  the  for- 
mula. On  the  other  hand,  the  agreement  is  greater  than  we 
should  expect,  if  we  reject  the  theory  on  which  the  formula 
was  obtained.  It  is  about  such  as  we  might  expect  in  a  suit- 
able formula  of  interpolation  with  three  constants,  which  have 
been  determined  by  the  values  of  the  density  for  one  atmos- 
phere, for  half  ^n  atmosphere,  and  for  infinitesimal  pressures. 
But  we  must  regard  the  actual  formula,  in  its  apphcation  to 
this  single  temperature,  as  having  only  two  constants,  of  which 
one  is  determined  so  as  to  make  the  formula  give  the  theo- 
retical value  for  infinitesimal  pressures,  and  the  other  so  as  to 
make  it  agree  with  the  experiments  of  Cahours  at  the  pressure 
of  one  atmosphere. 

An  entirely  dijBFerent  method  has  been  employed  by  Horst- 
maan*  to  determine  the  vapor-density  of  this  substance.  A  cur- 
rent of  dried  air  is  forced  through  the  liquid  acid,  which  is  heated 
to  promote  evaporation,  and  the  mixture  of  air  and  vapor  is 

*Berichte  der  deutschen  ohemlBchen  GesellBchaft,  Jahrg.  ill  (1870),  S.  78^ 
and  Jahrg.  xi  (1878),  a  1287. 
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cooled  to  any  desired  temperature,  with  deposition  of  the  excess 
of  acid,  hy  passing  upward  through  a  spiral  tube  in  a  suitable 
bath.  The  acid  is  then  separated  irora  the  air,  and  the  quantity 
of  each  determined.  It  is  assumed  that  the  air  is  exactly  satu- 
rated with  vapor  on  leaving  the  coil,  and  that  it  l^as  the  tempe- 
rature of  the  bath.  If  we  know  the  pressure  of  saturated  vapor 
for  that  temperature,  and  assume  the  validity  of  Dalton's  law, 
it  is  easy  to  calculate  the  density  of  the  vapor.  For  the  pres- 
sure of  the  air  is  found  by  subtracting  the  pressure  of  the  vapor 
from  the  total  pressure,  (the  experiments  were  so  conducted 
that  this  was  the  same  as  the  actuaJ  pressure  of  the  atmosphere,) 
and  the  ratio  of  the  weights  of  the  acid  and  the  air  obtained  by 
analysis,  divided  by  the  ratio  of  their  pressures,  will  give  the 
ratio  of  their  densities.  The  pressures  of  saturated  vapor  em- 
ployed by  Horstmann  are  those  given  by  Landolt,*  and  differ 
greatly  from  the  determinations  of  Regnault,  in  some  cases 
being  nearly  twice  as  great, — a  difference  noticed  but  not 
explained  by  Landolt,  who  however  gives  determinations  (pre- 
viously unpublished)  of  Wiillner,  which  somewhat  exceed  his 
own.  (On  the  other  hand,  the  observations  of  Bineau  substan- 
tially agree  with  those  of  Regnault) 

If  we  compare  the  observations  of  Horstmann  with  the  values 
given  by  equation  (12),  on  the  basis  of  Landolt's  pressures,  we 
find  a  very  marked  disagreement,  as  may  be  seen  by  the  fol- 
lowing numbers,  which  relate  to  the  highest  temperatures  of 
Horstmann *s  experiments,  where  the  disagreement  is  least 

Temperature 63-1      629  69'9  51-1  49*0  48-7  44-6  41-4 

Pressure  (Land.) 110-0    1092  97*0  69*0  63*4  63-0  63*1  46*6 

Density  calc.  eq.  (12).     367      3*67      3-69  3-76      3*77  3*77      3*79      3-Sl 

Density  obs 319      311      312  3*16      289  2*98      2-76      2*62 

It  will  be  observed  that  while  the  values  obtained  from  equation 
(12)  increase  with  diminishing  temperatures,  the  values  ob- 
tained from  Horstmann^s  experiments  diminish.  This  diminu- 
tion continues  as  far  as  the  experiments  go,  until  finally  at  12^ 
or  15°  the  densities  are  only  one  half  as  great  as  those  obtained 
by  Bineau,  by  direct  experiment  at  the  same  temperatures  and 
at  somewhat  less  pressures,  in  a  series  of  observations  which 
bear  every  mark  of  a  very  exceptional  precision.  (Compare 
Tables  Vll  and  IV.)  The  explanation  of  this  disagreement  is 
doubtless  to  be  found  in  the  values  of  the  pressures  employed 
in  the  calculations,  and  it  will  be  interesting  to  see  how  the 
results  may  be  modified  by  the  adoption  of  different  pressures. 
In  determinations  of  the  pressure  of  saturated  vapors,  too 
great  values  are  so  much  more  easily  accounted  for  than  errors 
in  the  opposite  direction,  especially  when  the  pressures  are 
small,  that  especial  interest  attaches  to  the  lowest  ngures  which 
•  Lieb.  Ann.,  SuppL  vi  (1868),  p.  157. 
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9-71 

6-42 

•8076 

12-12 

7-33 

.8651 

14-33 

8*42 

•9253 

14-87 

8-69 

•9340 

17-23 

9-86 

-9934 

19-84 

11-465 

1-0590 

22-37 

1315 

11189 

25-28 

1636 

1-1864 
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are  supported  by  a  competent  authority.  The  experiments  of 
Regnault*  were  made  with  three  different  preparations  of  acetic 
acid,  of  which  the  second  was  once,  and  the  third  twice,  piin- 
fied  by  distillation  over  anhydrous  phosphoric  acid.  Each 
distillation  considerably  diminished  the  pressure  of  the  satu- 
rated vapor,  the  effect  of  the  second  distillation  being  about 
half  that  of  the  first  The  numbers  obtained  with  the  third 
preparation  are  given  in  the  following  table  with  their  loga- 
rithms, and  the  differences  of  the  logarithms  for  one  degree  of 
temperature. 

Temperature.         Pressure.        log.  pressure.         diff.  per  1  °. 

•0239 
•0272 
•0161 
•0252 
-0261 
•0237 
•0232 

The  uniformity  of  the  numbers  in  the  last  column  shows  the 
remarkable  precision  of  the  determinations.  At  the  same  time 
it  is  evident  that  the  differences  in  these  numbers  are  due 
principally  to  the  errors  of  observation,  so  that  numbers 
obtained  by  interpolation  between  the  logarithms  of  the 
observed  pressures  will  be  somewhat  better  (on  account  of 
averaging  of  the  errors)  than  the  original  determinations. 

The  values  obtained  by  such  an  interpolation  have  been 
used  for  the  comparison  of  Horstmann^s  experiments  with  the 
formula  (12)  which  is  given  in  table  VIL  Unfortunately  this 
comparison  cannot  be  extended  above  25^,  which  is  the  limit 
of  Eegnault's  experimenta  The  first  three  columns  of  the 
table  give  the  temperatures  of  Horstmann's  experiments,  the 
pressures  corresponding  to  these  temperatures  according  to  the 
determinations  of  Landolt,  and  the  density  deduced  from 
Horstmann's  experiments  by  the  use  of  these  pressures.  To 
these  columns,  which  are  taken  from  Horstmann^s  paper,  are 
added  the  pressure  derived  from  Regnault's  observations  by 
the  logarithmic  interpolation  described  above,  the  density  cal- 
culated by  equation  (12)  from  these  pressures  and  the  tempera- 
tures of  the  first  column,  and  the  densities  obtained  by  com- 
bining Horstmann's  experiments  with  Regnault*s  pressures. 
This  column  is  derivea  from  the  second,  third  and  lourth,  as 
follows.  If  w  and  W  denote  respectively  the  weights  of  vapor 
and  of  air  which  pass  through  the  apparatus  in  the  same  time, 
P  the  height  of  the  barometer,  and  p,.  the  pressure  of  saturated 
vapor  as  determined  by  Landolt,  the  densities  obtained  on  the 
basis  of  Landolt's  pressures,  and  given  in  the  third  column,  are 

*  M^m.  Acad.  Sciences,  vol  xxyi,  p.  758.    The  experiments  date  from  1844. 
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evidently  represented  by 


The  numbers  of  the  fifth 


column,  which  are  represented  in  the  same  way  by  — ^^r-^, 

where  p^  denotes  the  pressure  as  determined  by  Renault's 
experiments,  have  been  calculated  by  the  present  writer  by 

multiplying  the  numbers  of  the  third  column  by  ^  ~^^c, 

^  P^{F-Pj) 

Table    VII.  —  Aobtio   Aoid. 

Determinations  of  Yapor-density  hy  Distillation. 


Temper- 
ature. 

PreMnre 
ace. to 
Landolt. 

DenBitT 
obserred, 

Horet- 
mann  and 

Landolt. 

Presanre 

aoc.  to 

Reffnault. 

Density 

presaores 
by  eq.  (12). 

obserrS, 
Hontmann 
A  Begnanlt. 

Ezoeaaof 
obaerred  denatty. 

I.             IL 

250 

23-5 

2-42 

15-13 

3-86 

3-80 

-06 

23-8 

22-4 

2-23 

14-19 

3-86 

366 

-•30 

22-6 

21-6 

2-29 

13-31 

3-87 

3-76 

-11 

21-6 

20-4 

2-24 

12-64 

387 

3-68 

--19 

20-4 

19-2 

2-06 

11-81 

3-88 

3-37 

—•61 

20-2 

190 

2-28 

11-68 

3-88 

3-75 

-13 

20-0 

18-9 

2-13 

11-66 

3-88 

3-52 

—-36 

17-4 

16-8 

2-09 

9*96 

3-89 

3-66 

--33 

15-6 

16-6 

1-98 

8-96 

3-90 

3-48 

-•42 

15-3 

163 

1-96 

8-81 

3-90 

3-42 

—-48 

16-3 

16-3 

1-85 

8-81 

3-90 

3-24 

-•66 

14-7 

16-1 

1-78 

8-54 

3-91 

3-18 

-•73 

12-7 

13-7 

1-96 

7-60 

3-91 

3-66 

-•35 

12-4 

13-5 

1-89 

7-46 

3-92 

3-46 

-•47 

As  the  height  of  the  barometer  in  Horstmann's  experiments  is 
not  given,  it  has  been  necessary  to  assume  P=760.  The  inac- 
curacy due  to  this  circumstance  is  evidently  trifling.  The  last 
two  columns  of  the  table,  which  relate  to  different  series  of 
experiments  by  Horstmann  (a  distinction  not  observed  in  other 
parts  of  the  table),  give  the  excess  of  the  densities  thus 
obtained  from  Horstmann's  and  Regnault's  experiments  above 
the  values  calculated  from  equation  (12)  with  the  use  of  Re- 
gnault's  determinations  of  pressure. 

The  densities  obtained  by  experiment  are  without  exception 
less  than  those  obtained  from  equation  (12).  At  the  highest 
temperatures,  where  the  liability  to  error  is  the  least,  both  in 
respect  to  the  measurement  of  the  pressure  of  saturated  vapor 
ana  in  respect  to  the  analysis  of  the  product  of  distillation,  the 
results  of  experiment  are  most  uniform,  and  most  nearly 
approach  the  numbers  required  by  the  formula.  At  the  lowest 
temperatures,  the  greatest  observed  density  is 'about  one- 
eleventh  less  than  that  required  by  the  formula,  the  differ- 
ence being  about  the  same  as  between  the  highest  and  lowest 
observed  values  for  the  same  temperature. 
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Since  each  successive  purification  of  the  substance  employed 
by  Eegnault  diminished  the  pressure  of  its  vapor,  it  is  not 
improbable  that  the  pressures  might  have  been  still  farther 
diminished  by  farther  purification  of  the  substance.  The 
pressures  whicn  we  have  used  are  therefore  liable  to  the  sus- 
picion of  being  too  high,  and  it  is  quite  possible  that  more 
accurate  values  of  the  pressure  would  still  farther  reduce  the 
deficiency  of  observed  density. 

Perchloride  of  phosphorus. — For  this  substance,  we  have  at 
atmospheric  pressure  a  single  determination  of  vapor-density 
by  Mitscherlich,*  and  a  series  of  determinations  by  Cahours  ;t 
at  lower  pressures  we  have  determinations  by  Wurtz$  and  by 
Troost  and  Hautefeuille.§    In  the  experiments  of  Wurtz  the 

Table    VIII. — Pbbchlobidb    of    Phosphobus. 
Experiments  of  Mitschbblioh,  Cahoubs,  Wubtz,  and  Tboost  and  Hautbfettillb. 


Temper- 
fttnre. 

PreM- 
ore. 

Density 
oAlc.by 
eq.  (18J. 

MltBcb.            Cfthonn. 

Mltech.            Cahonn. 

336 

(760) 

3-610 

3-666 

+  -046 

327 

764 

3-614 

3-656 

+  -042 

300 

766 

3-637 

3-654 

+  -017 

289 

(760) 

3-656 

3-69 

+  -034 

288 

763 

3-659 

3-67 

+  011 

274 

766 

3-701 

3-84 

+  139 

250 

761 

3-862 

3-991 

+  -129 

230 

746 

4-169 

4-302 

+  -142 

222 

763 

4-344 

4-86 

+  •606 

208 

(760) 

4-752 

4-73 

--021 

200 

768 

6-018 

4-861 

-•167 

190 

758 

6-368 

4-987 

—381 

182 

767 

6-646 

6-078 

-668 

Wnrti. 

T.&H. 

WnrtK. 

T.&H. 

178-6 

227-2 

6063 

6-150 

+  -097 

175-8 

253-7 

5-223 

6-235 

+  012 

167-6 

221-8 

6-456 

6-415 

-•041 

154-7 

221 

5-926 

6-619 

--307 

1501 

226 

6-086 

5-886 

—200 

148-6 

244 

6-169 

5-964 

-•206 

146 

391 

6-45 

6-66 

+  -10 

146 

311 

6-37 

6-70 

+  -33 

146 

307 

6-36 

6-33 

-03 

144-7 

247 

6-287 

614 

--147 

137 

281 

6-53 

6-48 

--06 

137 

269 

6-61 

6-54 

+  •03 

137 

243 

6-48 

6.46 

-02 

137 

234 

6-47 

6-42 

-06 

137 

148 

6-31 

6-47 

+  16 

129 

191 

6-59 

6-18 

-•41 

' 

129 

170 

6-56 

6-63 

+  -07 

129 

166 

6-56 

6-31 

--24 

♦  Fogg.  Ann.,  vol.  acxix  (1833),  p.  221. 

f  Comptes  Rendus,  vol.  xxi  (1846),  p.  625;  and  Annales  de  Ghimie  et  de  Phy- 
sique, Ser.  3,  voL  ix  (1847),  p.  369. 

X  CJomptes  Eendus,  voL  Ixivi  (1873),  p.  601.    §  Ibid.,  voL  Ixxxiii  (1876),  p.  977. 
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pressure  was  reduced  by  mixing  the  vapor  with  air.  In  Table 
V III  all  these  determinations  are  compared  with  the  formula 

3-6(D-3-6)  6441  .  ,^^^^  .^^. 

The  differences  between  the  calculated  and  observed  values  are 
often  large,  in  six  cases  exceeding  '80 ;  but  they  exhibit  in 
general  that  irregularity  which  is  characteristic  of  errors  of 
observation.  We  should  expect  large  errors  in  the  observed 
densities,  on  account  of  the  difficulty  of  obtaining  the  substance 
in  a  state  of  purity,  and  because  the  large  value  of  the  density 
renders  it  very  sensitive  to  the  effect  of  impurities  which 
diminish  the  aensity, — also  because  the  specinc  heat  of  the 
vapor  is  great,  as  shown  by  the  numerator  of  the  fraction  in 
the  second  member  of  (18),*  and  because  the  density  varies 
very  rapidly  with  the  temperature  as  seen  by  the  numbers  in 
the  third  column  of  Table  VIII. 

But  at  the  two  lowest  temperatures  of  Cahours*  experiments, 
the  differences  of  the  observed  and  calculated  densities  ('881 
and  -568)  are  not  only  great,  but  exhibit,  in  connection  with 
the  adjacent  numbers,  a  regularity  which  suggests  a  very  dif- 
ferent law  from  that  of  the  formula.  In  fact,  the  densities 
obtained  by  Cahours  at  atmospheric  pressure  and  those  obtained 
hy  Troost  and  Hautefeuille  at  pressures  a  little  less  than  one- 
third  of  an  atmosphere  seem  to  form  a  continuous  seri^  not- 
withstanding the  abrupt  change  of  pressure.  Yet  it  is  difficult 
to  admit  that  the  density  is  independent  of  the  pressure.  So 
radical  a  difference  between  the  behavior  of  this  substance  and 
that  of  the  others  which  we  have  been  considering  require 
unequivocal  evidence.  Now  it  is  worthy  of  notice  that  the 
experiment  at  182°,  in  which  the  greatest  discrepancy  is  seen, 
is  not  given  in  the  first  record  of  the  experiments,  which  was 
in  the  Comptes  Rendus  in  1845.  It  is  given  in  the  Annales  de 
Chiraie  et  de  Physique  in  1847,  where  it  is  called  the  first  experi- 
ment (The  experiment  at  886*^  is  also  omitted  in  the  Comptes 
Rendus  and  that  at  208°  in  the  Annales, — otherwise  the  lists  are 
the  same.)  If  it  was  the  first  experiment  in  point  of  time, 
which  is  apparently  the  meaning,  it  was  made  before  the  pub- 
lication in  the  Comptes  Rendus,  and  we  can  only  account  for 
its  omission  by  supposing  that  it  was  a  preliminary  experiment, 
in  which  its  distinguished  author  did  not  feel  sufficient  confi- 
dence to  include  it  at  first  with  his  other  determinations, 
although  he  afterwards  concluded  to  insert  it.  If  we  reject  this 
observation  as  doubtful,  the  disagreement  between  the  formula 
and  observation,  appears  to  be  within  the  limits  of  possible 

*  Compare  Trans.  Conn.  Acad.,  vol  iii,  p.  243,  and  pp.  286,  287  of  this  volume. 
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error,  but  additional  experiments  will  be  necessary  to  confirm 
the  formula.* 

Experiments  have  also  been  made  by  M.  Wurtz  in  which 
the  vapor  of  the  perchloride  of  phosphorus  was  diluted  with 
that  oi  the  protochloride-f  These  experiments  may  be  used 
to  test  equation  (8),  which,  when  the  values  of  its  constants  are 
determined  by  equation  (18),  reduces  to  the  form 
V  5441 

where  p„  p„  and  p,  denote  the  partial  pressures  due  respect- 
ively to  the  PCI,,  the  CI«  and  the  PC1„  existing  as  such  in  the 
^as-mixture.  Since  these  quantities  cannot  be  the  subjects  of 
imm^iate  observation,  a  farther  transformation  of  the  equation 
will  be  convenient.    Let  M„  M,  denote  the  quantities  of  the 

{)rotochloride  and  of  chlorine  of  which  the  mixture  may  be 
ormed,  and  P„  P,  the  pressure  which  would  belong  to  each  of 
these  if  existing  by  itself  with  the  same  volume  and  tempera- 
ture.    These  quantities  will  be  connected  by  the  equations 

•"■2-22W'  ^•"■4-98v'  ^^^^ 

where  k  denotes  the  same  constant  as  on  page  286.  From  the 
evident  relations 

P.  =  A  +P0         P.  =i>, +A,         P  =1>.  +1>.  +!>„ 
we  obtain 

A=P.+P.-/>,       1>.=1>-P.,       1>.=1>-P.; 

and  by  substitution  of  these  values  in  equation  (14), 

"'(p-VjV-p.)-.:^-"^"-      <■•> 

In  view  of  the  relations  (15),  this  may  be  regarded  as  an  equa- 
tion between  the  pressure,  the  temperature,  the  volume,  and 
the  quantities  of  protochloride  of  phosphorus  and  chlorine  into 
which  the  gas-mixture  is  resolvabla 

It  is  in  this  form  that  we  shall  apply  the  equation  to  the 
experiments  of  M.  Wurtz,  the  results  of  which  are  exhibited  in 
Taole  IX.  The  first  column  gives  the  number  distinguishing 
each  experiment  in  the  original  memoir ;  the  second,  the  tem- 
perature; the  third  the  observed  pressure  (p)  of  the  mixture 

*  Additional  experiments  on  the  density  of  this  vapor  haye  been  made  bj  M. 
Cabours,  concerning  which  he  says  in  1866 :  *'  Les  determinations  qui  je  viens 
d*effectuer  i  170  et  172  degr^  (ce  corps  bout  vers  160  i  165  degr^s)  m'ont 
donn^  des  nombres  qui,  bien  que  notablement  plus  forts  que  ceux  que  j'ai  obtenus 
ant^rieurement  i  182  et  186  degrds,  sent  encore  bien  ^oign^s  de  celui  que  corres- 
pond i  4  volumes.*'  Oomptes  Kendus,  t.  63,  p.  16.  So  ^  as  the  present  writer 
has  been  able  to  ascertain,  these  determinations  have  not  been  published.  The 
formula  gives  6*026  for  170"  and  5*973  for  172'',  at  atmospheric  pressure.  The 
number  corresponding  to  four  volumes  is  7*20. 

t  Comptes  Rendus,  vol  bnvi  (1B73),  p.  601. 
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of  PCI,,  PC1„  and  Cl«  which  is  the  barometric  pressure  cor- 
rected for  the  small  quantity  of  air  remaining  in  the  flask ;  the 
fourth,  the  pressure  n  due  to  the  possible  perchloride^  found  by 
subtracting  the  pressure  due  to  the  excess  of  protochloride 
(this  pressure  is  calculated  from  the  theoretical  density  of  the 
protochloride)  from  the  total  pressure ;  the  fifth,  the  density  d 
of  the  possible  perchloride  calculated  from  its  pressure  n  with 
the  temperature  and  volume.      The  numbers  of  these  five 

Table  IX. — ^Pkbohloride  and  Pbotochlobidb  op  Phobphobus. 

Experiments  on  the  mixed  vapors  by  Wubtz. 


No.  of 
exp. 

to 

(ofii.) 

?r 

6 

P. 

P. 

p 
calcby 
eq.  (16>. 

EzoeMoT 

Ota.  Table 
ofu. 

XII 

173-29 

766-1, 

423 

6-68 

392-4 

726-6 

760-7 

-4-6 

X 

166*4 

748-4 

413 

6-80 

3901 

726-6 

747-9 

+    -6 

vu 

176-24 

761-0 

411 

6-88 

392-7 

732-7 

773-1 

—22-1 

VUI 

169*35 

724-1 

894 

7-16 

391-8 

721-9 

760-6 

-26-4 

V 

176-26 

743-3 

343 

7  03 

334-9 

736-2 

764-4 

—21-1 

n 

164-9 

768-6 

338 

7-38 

346-4 

766-9 

782-9 

-24-4 

XI 

176-76 

760-0 

318 

700 

309-2 

761-2 

776-8 

-16-8 

rv 

176-26 

766-3 

271 

7-06 

266-7 

751-0 

770-9 

-14-6 

IX 

160-47 

763-6 

214 

7-44 

221-1 

760-6 

766-8 

-13-3 

I 

166-4 

760-0 

194 

7-25 

196-3 

761-3 

768-6 

-  8-6 

VI 

170-34 

761-2 

174 

8-30 

200-6 

777-8 

787-6 

-36-4 

m 

174-28 

742-7 

168 

7-74 

180-6 

766-3 

766-6 

—23-8 

columns  are  taken  from  the  memoir  cited,  except  that  the  cor- 
rection of  the  barometric  pressures  has  been  applied  by  the 
present  writer  in  accordance  with  the  data  furnished  in  that 
memoir.  The  two  next  columns  contain  the  values  of  P,  and 
P^  These  would  naturally  be  calculated  from  M,  and  M,  by 
equations  (15).  But  since  the  values  of  M,  and  M,  have  not 
been  given  explicitly,  those  of  P,  and  P,  have  been  calculated 
from  the  recorded  values  of  iz  and  A     Since  the  weight  of  the 

7-2 
possible  perchloride  is  q^^o  ^t>  ^®  have 

""  2-22  V7t  "^  7t     "■ 
Moreover, 

l>-;r  =  P.«P., 

since  both  members  of  the  equation  express  the  pressure  due 
to  the  excess  of  the  protochloride.  The  values  of  P,  and  P, 
were  obtained  by  these  equations. 

The  eighth  colufnn  of  the  table  gives  the  values  oip  calcu- 
lated from  the  preceding  values  of  ^ci  P.?  ai^d  P„  by  equation 
(16) ;  and  the  last  column,  the  diflference  of  the  observed  and 
calculated  values  of  p.  The  average  difference  is  18™°*,  or  a 
little  more  than  two  per  cent,  the  observed  pressure   being 
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almost  uniformly  less  than  the  calculated  value.  This  defi- 
ciency of  pressure  is  doubtless  to  be  accounted  for  by  a  fact 
whicn  MM.  Troost  and  Hautefeuille  have  noticed  in  this  con- 
nection. The  protochloride  of  phosphorus  deviates  quite  appre- 
ciably from  the  laws  of  Mariotte,  &ay-Lussac,  and  Avogadro, 
the  product  of  the  volume  and  pressure  of  a  given  quantity  of 
vapor  at  180°  and  the  pressure  of  one  atmosphere  being  1*548 
per  cent  less  than  at  the  same  temperature  ana  the  pressure  of 
one-half  an  atmosphere.*  Now  we  may  assume  as  a  general 
rule  that  when  the  product  of  volume  and  pressure  of  a  gas  is 
slightly  less  than  the  theoretical  number  (calculated  by  the 
laws  of  Mariotte,  Gay-Lussac,  and  Avogadro)  the  diflference  for 
any  same  temperature  is  nearly  proportional  to  the  pressure.f 
It  is  therefore  probable  that  bietween  160"^  and  180**,  at  press- 
ures of  about  one  atmosphere,  the  product  of  volume  and  pres- 
sure for  protochloride  of  phosphorus  is  somewhat  more  than 
three  per  cent  less  than  the  theoretical  number.  The  experi- 
ments of  Wurtz,  as  exhibited  in  Table  IX,  show  that  the  pres- 
sure, and  therefore  the  product  of  volume  and  pressure,  (we  may 
evidently  give  the  volume  any  constant  value  as  unity,)  in  a 
mixture  consisting  principally  of  the  protochloride  is  on  the 
average  a  little  more  than  two  per  cent  less  than  is  demanded 
by  theory,  the  di^erences  being  greater  when  the  proportion  of 
the  protochloride  is  greater.  The  deviation  from  tne  calculated 
values  is  therefore  in  the  same  direction  and  about  such  in 
quantity  as  we  should  expect! 

M.  Wurtz  has  remarked  that  the  average  value  of  3  (the 
density  of  the  possible  perchhride)  is  nearly  identical  with  the 
theoretical  density  of  the  perchloride,  and  appears  inclined  to 
attribute  the  variations  from  this  value  to  the  errors  of  experi- 
ment Yet  it  appears  very  distinctly  in  Table  IX,  in  which 
the  experiments  are  arranged  according  to  the  value  of  ;r  (the 

Pressure  due  to  the  possible  perchloride)^  that  d  increases  as  n 
iminishes.  The  experiments  of  MM.  Troost  and  Hautefeuille 
show  that  the  coinciaence  remarked  by  M.  Wurtz  is  due  to  the 
fact  that  on  the  average  in  these  experiments  the  deficiency  of 
the  density  of  the  possible  perchloride  (compared  with   the 

*  Troost  and  Hautefeuille,  Oomptes  Rendus,  vol.  Izzxiii  (1876),  p.  334 
t  Andrews,  "  On  the  Gaseous  State  of  Matter."    PhiL  Trans.,  vol.  clxvi  (18Y6), 
p.  447. 

X  The  deviation  of  the  protochloride  of  phosphorus  from  the  laws  of  ideal  gases 
shows  the  imposibility  of  any  very  dose  agreement  between  such  equatiouH  as  haye 
been  deduced  in  this  paper  and  the  results  of  experiment  m  the  case  of  gas- 
mixtures  in  which  this  substance  is  one  of  the  components.  Widi  respect  to  the 
question  whether  future  experiments  on  the  vapor  of  the  perchloride  (alone,  or 
with  an  excess  of  chlorine  or  of  the  protochloride),  will  reduce  tiie  disagreement 
between  the  calculated  and  observed  values  to  such  magnitudes  as  occur  in  the 
case  of  the  protochloride  alone,  it  would  be  rash  to  attempt  to  anticipate  the 
result  of  experiment 
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theoretical  value)  is  counterbalanced  by  the  excess  of  density 
of  the  protochlorida  When  iz  >  400,  the  eflEect  of  the  deficiency 
in  the  density  of  the  possible  perchloride  distinctly  preponder- 
ates; when  n  <250,  the  effect  of  the  excess  of  density  in  the 
protochloride  distinctly  preponderates.  But  the  maffnitade  of 
the  differences  concerned  is  not  such  as  to  invalidate  the  general 
conclusion  established  by  the  experiments  of  M.  Wurtz,  that 
the  dissociation  of  the  perchloride  may  be  prevented  (at  least 
approxiniately)  by  mixing  it  with  a  large  quantity  of  the  proto- 
chlorida 

Table  for  facUUating  calculation. — The  numerical  solution  of 
equations  (10),  (11),  (12)  and  (18)  for  given  values  of  t  and  p 
may  be  facilitated  by  the  use  of  a  tabla    If  we  set 

^  =  ^,  (17) 

^       ,      1000D,(D-Dj'    .      lOOO(J-l)  ,,^, 

we  have  for  peroxide  of  nitrogen, 
8118-6 
<c+  273 


I^  =  -rxl^+lo«l>-»-461;  (19) 


for  formic  acid, 
for  acetic  acid, 


and  for  perchloride  of  phosphorus, 
5441 
^  =  '^,+  273  +  l^g/>-  ^l-3«3.  (22) 

By  these  equations  the  values  of  L  are  easily  calculated.  The 
values  of  J  may  then  be  obtained  by  inspection  (with  inter- 
polation when  necessarv)  of  the  following  tabla  From  J  the 
value  of  D  may  be  obtained  by  multipljdng  by  D„  viz.,  by 
1*589  for  peroxide  of  nitrogen  or  formic  acid,  by  2078  for 
acetic  acid,  and  by  8*6  for  perchloride  of  phosphorus.* 

The  constants  of  these  equations  are  of  course  subject  to 
correction  bv  future  experiments,  which  must  also  decide  the 
more  general  question— in  what  cases,  and  within  what  limits, 

*  The  value  of  A  diminished  by  unity  expresses  the  ratio  of  the  number  of  the 
molecules  of  the  more  oomplez  type  to  the  whole  number  of  molecules.  Thus,  if 
A=1'20,  in  the  case  of  peroxide  of  nitrogen  there  are  20  molecules  of  the  type 
N9O4  to  80  of  the  type  NOs,  or  in  the  case  of  perchloride  of  phosphorus  there 
are  20  molecules  of  the  type  PCI*  to  40  of  the  type  POl,  and  40  of  the  type  C 
A  consideration  of  the  varying  yalues  of  A  is  tlierefore  more  instructlTe  than 
that  of  the  values  of  D,  and  it  would  in  some  respects  be  better  to  make  the  com- 
parison of  theory  and  experiment  with  respect  to  the  values  of  A. 
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Table    X. 
For  the  solution  of  the  equation :  log      .         .., — =  L. 


•7 

1-006 

•8 

1006 

•9 

1-008 

10 

1-010 

1-1 

1012 

1-2 

1016 

1-3 

1019 

1-4 

1024 

1-5 

1-030 

1-6 

1037 

1-7 

1046 

1-8 

1-066 

1-9 

1069 

20 

1-084 

2-1 

M02 

2-2 

1122 

2-3 

1-146 

2-4 

1-172 

2-6 

1-202 

2-6 

1-234 

2-7 

1-268 

2-8 

1-306 

2-9 

1-343 

3-0 

1-382 

Dur. 


1 
2 
2 
2 
3 
4 
6 
6 
7 
9 

10 
13 
16 
18 
20 
24 
26 
30 
32 
34 
37 
38 
39 


3-0 
31 
3-2 
3-3 
3-4 
3-6 
3-6 
3-7 
3-8 
3-9 
4-0 
41 
4-2 
4-3 
4-4 
4-6 
4-6 
4-7 
4-8 
4-9 
60 
6-1 
6-2 
6-3 


1-382 
1-4^ 
1-461 
1-600 
1-637 
1-674 
1-609 
1-642 
1-673 
1-703 
1-730 
1-766 
1-778 
1-800 
1-819 
1-837 
1-864 
1-868 
1-882 
1-894 
1-906 
1-916 
1-924 
1-932 


Dlff. 


39 
40 
39 
37 
37 
36 
33 
31 
30 
27 
26 
23 
22 
19 
18 
17 
14 
14 
12 
11 
10 
9 
8 


6-3 
6-4 
6-6 
6-6 
6-7 
6-8 
6-9 
60 
6-1 
6-2 
6-3 
6-4 
6-6 
6-6 
6-7 
6-8 
6-9 
7-0 
7-2 
7-4 
7-6 
7-8 
8-0 
9-0 


1-932 
1-939 
1-946 
1-961 
1-966 
1-961 
1-965 
1-969 
1-972 
1-976 
1-978 
1-980 
1-982 
1-984 
1-986 
1-987 
1-989 
1-990 
1-992 
1-994 
1-996 
1-996 
1-997 
1-999 


DHL 


and  with  what  degree  of  approximation,  the  actual  relations 
can  be  expressed  by  equations  of  such  form.  In  the  case  of 
perchloride  of  phosphorus  especially,  the  formula  proposed 
requires  confirmation. 


Art.  XLIV. —  On  a  secular  inequality  in  the  Moon's  Motion  pro- 
duced by  the  oblaieness  of  the  tkirth  ;  by  J.  N.  Stock  WELL. 

Having  been  engaged,  during  a  number  of  years  past,  in  a 
thorough  and  systematic  examination  of  the  physical  theory  of 
the  moon*s  motion,  it  seems  proper  to  make  known  to  astrono- 
mers, in  advance  of  the  publication  of  my  researches  which  are 
now  essentially  completed,  one  of  the  most  curious  and  interest- 
ing results  at  which  I  have  arrived  relative  to  the  motion  of 
our  satellite. 

It  has  been  known,  since  the  time  of  Newton,  that  the  attrac- 
tion of  a  spheroidal  body  on  a  point  without  its  surface  is 
different  from  that  of  a  sphere  having  the  same  mass.  If  the 
spheroid  be  one  of  revolution,  like  the  earth,  the  attraction 
depends  not  only  on  the  distance  of  the  attracted  point  from 
Am.  Joub.  Scl—Thibd  Sbbibs,  Vol.  XVm.— No.  107,  Nov.,  1879. 
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the  earth's  center,  but  also  on  its  distance  from  the  equator. 
K  the  attracted  point  were  situated  in  the  plane  of  the  earth's 
equator  the  attraction  of  the  earth  upon  it  would  be  greater 
at  a  given  distance  than  if  the  earth  were  spherical.  The 
attraction  would  also  be  greater  either  north  or  south  of  the 
eauator  until  we  reached  the  paralled  of  about  85°  16',  at 
wnich  points  the  attraction  of  the  earth  would  be  nearly  inde- 
pendent of  its  spheroidal  form.  For  all  points  situated  beyond 
the  parallels  of  85°  16'  the  attraction  of  tne  earth  is  less  than  it 
would  be  if  it  were  spherical. 

From  these  general  considerations  we  may  draw  the  follow- 
ing conclusions :  First  A  body  would  revolve  round  the  earth, 
at  a  given  distance  from  its  center,  in  less  time  if  it  moved  in 
the  plane  of  the  equator,  than  it  would  if  the  earth  were 
spherical;  and  its  motion  would  be  uniform.  SeconcL  The 
time  of  revolution  would  be  increased  if  the  body  moved  in  a 
plane  inclined  to  the  equator,  and  its  motion  would  not  be 
uniform,  on  account  of  the  redundancy  or  deficiency  of  matter 
beneath  the  diflferent  parts  of  its  course.  It  is  evident  that  the 
motion  in  an  orbit  perpendicular  to  the  equator  would  sufiFer 
greater  variations  from  the  unequal  distribution  of  matter, 
than  it  would  for  any  other  inclination. 

We  shall  now  apply  the  preceding  considerations  to  the 
motion  of  the  moon  around  the  earth,  eupposing  for  greater 
simplicity  that  her  orbit  is  circular. 

Since  the  inclination  of  the  moon's  orbit  to  the  equator  is 
always  less  than  35°  16',  it  follows  that  the  earth's  attraction  on 
the  moon  is  always  gi-eater  than  it  would  be  if  the  earth  were 
spherical.  But  since  the  inclination  varies  between  the  limits 
of  about  18°  19'  and  28°  85'  during  a  period  of  about  nineteen 
years,  it  follows  that  the  earth's  attraction  undergoes  sensible 
variations ;  and  hence  the  moon's  place  at  any  given  time 
requires  to  be  corrected  on  account  of  the  varying  inclination 
of  its  orbit  to. the  equator.  The  corrections  to  the  moon's 
longitude  and  latitude  arising  from  this  cause  have  been  calcu- 
lated, and  applied  to  the  moon's  place  during  the  whole  of  the 
present  century.  All  these  varying  inequalities  in  the  forces 
would  accurately  compensate  each  other  during  each  revolu- 
tion of  the  moon's  node,  provided  the  mean  inclination  of  the 
lunar  orbit  to  the  equator  always  retained  the  same  value. 
Now  the  mean  inclination  of  the  moon's  orbit  to  the  equator  is 
the  same  as  the  inclination  of  the  ecliptic  to  the  same  plane; 
and  since  the  inclination  of  the  ecliptic  to  the  equator  is  slowly 
becoming  less,  it  follows  that  the  plane  of  the  moon's  orbit  is 
gradually  approaching  the  plane  of  the  equator;  and  hence  its 
mean  motion  must  be  increasing.  All  these  various  conclu- 
sions are  lullv  confirmed  by  mathematical  analysis,  and  were 
first  suggested  by  it. 
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Having  thus  shown  the  existence  of  a  secular  inequality  in 
the  moon's  motion  depending  on  the  oblateness  of  the  earth,  it 
only  remains  to  determine  its  amount  But  as  a  mathematical 
analysis  of  the  problem  is  not  within  the  scope  of  the  present 
paper,  I  shall  be  content  with  a  mere  statement  of  the  semi- 
general  formula  together  with  its  numerical  value. 

If  we  put  e,  for  the  obliquity  of  the  ecliptic  in  1850,  and  < 
for  its  value  at  any  time  t,  and  also  suppose  that  the  ellipticity 
of  the  earth  is  yj^,  I  find  the  following  value  for  the  secular 
inequality  depending  on  the  earth's  oblateness,  namely : 
6v=:+24''S2l  f  (sin'f,  -  sin*£)(ft. 

If  we  develop  the  integral  into  a  series  and  retain  only  the 
first  term  we  shall  have 

/(8in*£,-8in'£)(ft=+0-0086V6  i*, 
in  which  t  denotes  the  number  of  centuries  counting  from  1850 

Hence  the  secular  inequality  becomes 

This  term,  though  small,  is  of  sufficient  importance  to  be  used 
in  computing  ancient  eclipses. 

In  conclusion  I  would  state  that  I  have  found  several  ine- 
qualities in  the  moon's  motion  which  are  not  recognized  by 
existing  theories,  of  even  greater  practical  interest  and  impor- 
tance than  the  one  to  which  I  have  called  attention  in  this  paper. 

Oleveland,  Oct  2, 1879. 


Art.  XLV. — Discovery  of  two  new  Asteroids;  by  Professor 
C.  H.  F.  PETEKa  Communication  to  the  Editors  dated 
Litchfield  Observatory  of  Hamilton  College,  Clinton,  N.  Y., 
October  6,  1879. 

Two  more  planets  of  the  asteroid  group  were  found  by  me 
in  the  month  of  September,  respectively  on  the  11th  and  25th. 
I  communicate  the  observations  hitherto  obtained. 

(202)  Ckrysets. 

1879.  Ham.  Coll.  m.  t  App.  JR.                 App.  DecL        No.  of  comp. 

Sept  11.        12''    ±«      •  23'»  51°»  16«-  —  8"  53'-5        [rough  estimate.] 

Sept.  21.         13     18     27  23     44     16-93  -  9     58       4*4             10 

Sept  23.         12       7     56  23     42     53-47  -10       9     35*0               9 

Sept  26.         12     46     49  23     40     48*42  -10     26     65-2             10 

Oct.      4.           8     56     13  23     36     3912  —11       6     66-6               6 

(203)  Pompefa. 

1879.  Ham.  Coll.  m.  t  App.  ^.                 App.  DecL  No.  of  comp. 

Sept.  25.         14^'  48'«  21«  0^  67'»    6»-18  +   8°   16     30*4             12 

Sept  26.         13     41     15  0     56     19-53  +   8     12     10-9             10 

Oct      4.         10     57     30  0    49     37*80  +   7     41     418            14 

The  magnitude  of  the  first  is  now  ll'^'O,  that  of  the  latter 
10°»-5. 
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Art.   XLVL  —  Experimental  Determination  of  the  Velocity  of 
Light;  by  Albert  A  Miohelson,  Master,  U.  S.  Navy.* 

[A.b8tract  of  paper  read  before  the  Amerioan  Assooiatton  for  the  AdTancement  of 

Soienoa] 

Let  S,  fig.  1,  be  a  slit  through  which  light  passes,  falling  on 
B,  a  mirror  free  to  rotate  about  an  axis  at  rignt  angles  to  the 
plane  of  the  paper;  L,  a  lens  of  great  focal  length,  upon  which 
the  light  falls,  which  is  reflected  from  R  Let  M  be  a  plane 
mirror,  whose  surface  is  perpendicular  to  the  line  RM,  passing 
through  the  centers  of  R,  L  and  M,  respectively.  If  L  be  so 
placed  that  an  image  of  S  is  formed  on  the  suruice  of  M,  then, 
this  image  acting  as  the  object,  its  imaj^e  will  be  formed  at  S, 
and  will  coincide  point  for  point  with  S. 


If,  now,  R  be  turned  about  the  axis,  so  long  as  the  light  falls 
on  the  lens,  an  image  of  the  slit  will  still  be  formed  on  the  sur- 
face of  the  mirror,  though  on  a  different  part,  and  as  long  as  the 
returning  light  falls  on  the  lens  an  image  of  this  image  will  be 
formed  at  S,  notwithstanding  the  change  of  position  of  the  first 
image  at  M.  This  result,  namely,  the  production  of  a  station- 
ary image  of  an  image  in  motion,  is  aosolutely  essential  It 
was  first  accomplished  by  Foucault,  and  in  a  manner  differing 
apparently  but  little  from  the  foregoing. 

In  this  case,  L,  fig.  2,  served  simply  to  form  an  image  of  S 

at  M  ;  and  M,  the  returning  mirror,  was  spherical,  the  center  of 

curvature  coinciding  with  the  axis  of  K     The  lens,  L,  was 

placed  as  near  as  possible  to  R     The  light  forming  the  return 

*  Prepared  for  this  place  by  the  Author. 


Digitized  by 


Google 


A .  A.  Michelson  —  Velocity  of  Light  891 

image  lasts,  in  ttis  case,  while  the  first  image  is  sweeping  over 
the  face  of  the  mirror,  M.  Hence,  the  greater  the  distance,  EM, 
the  larger  must  be  the  mirror,  in  order  that  the  same  quantity 
of  light  may  be  preserved,  and  its  dimensions  would  soon  be- 
come inordinate.  The  difficulty  was  partly  met  by  Foucault, 
by  using  five  concave  reflectors  instead  of  one ;  but  even  then 
the  greatest  distance  he  found  it  practicable  to  use  was  only 
twenty  meters. 

Betuming  to  fig.  1,  suppose  that  E  is  in  the  principal  focus 
of  the  lens,  L ;  then,  if  the  plane  mirror,  M,  have  the  same 
diameter  as  the  lens,  the  first  or  moving  image  will  remain 
upon  M  as  long  as  the  axis  of  the  pencil  of  light  remains  on  the 
lens,  and  this  vrill  he  true  no  matter  what  the  distance  may  he. 

When  the  rotation  of  the  mirror  E  becomes  sufficiently  rapid, 
then  the  flashes  of  light  which  produce  the  second  or  stationary 
image  become  blended,  so  that  the  image  appears  to  be  continu- 
ous. But  now  it  no  longer  coincides  with  the  slit,  but  is  de- 
flected in  the  direction  of  the  rotation,  and  through  twice  the 
angular  distance  described  by  the  mirror,  during  the  time  re- 
quired for  light  to  travel  twice  the  distance  between  the  mirrors. 
This  displacement  is  measured  by  its  arc,  or  rather,  by  its 
tangent  To  make  this  as  large  as  possible,  the  distance 
between  the  mirrors,  the  radius  or  distance  from  the  revolving 
mirror  to  the  slit,  and  the  speed  of  rotation  should  be  made  as 
great  as  possible. 

The  second  condition  conflicts  with  the  first,  for  the  "radius" 
is  the  difference  between  the  distances  of  the  principal  focus, 
and  the  conjugate  focus  (for  the  distant  mirror).  The  greater 
the  "distance,"  therefore,  the  smaller  will  be  the  "radius." 
There  are  two  ways  of  solving  the  difficulty :  first,  by  using  a 
lens  of  great  focal  length,  and,  secondly,  by  placing  the  revolv- 
ing mirror  within  the  principal  focus  of  the  lens.  Both  means 
were  employed.  The  focal  lenffth  of  the  lens  was  150  feet,  and 
the  mirror  was  placed  fifteen  feet  within  the  principal  focus. 
A  limit  is  soon  reached,  however,  for  the  quantity  of  light 
received  diminishes  very  rapidly  as  the  revolving  mirror  ap- 
proaches the  lens. 

The  chief  objection  urged  in  reference  to  the  experiments 
made  by  Foucault  is  that  the  deflection  was  too  small  to  be 
measured  with  the  required  degree  of  accuracy.  This  deflection 
was  but  a  fraction  of  a  millimeter,  and  when  it  is  added  that 
the  image  is  always  more  or  less  indistinct  on  account  of 
atmospheric  disturbances,  as  well  as  imperfections  of  lenses  and 
mirrors,  it  may  well  be  questioned  whether  the  results  could 
be  relied  upon  within  less  than  one  per  cent. 

In  the  following  experiments  the  distance  between  the 
mirrors  was  nearly  2000  feet.    The  radius  was  about  thirty 
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feet,  and  the  speed  of  the  mirror  was  about  257  revolutions 
per  second.  The  deflection  exceeded  183  millimeters,  being 
about  200  times  as  great  as  that  obtained  by  Foucault  If  it 
were  necessary  it  could  be  still  further  increased.  This  deflec- 
tion was  measured  within  three  or  four  hundredths  of  a  milli- 
meter  in  each  observation  ;  and  it  is  safe  to  say  that  the  result, 


having  in  its  focus  a  siilgle  vertical  silk  fiber.  The  slit  which 
is  very  nearly  in  the  same  focal  plane  as  the  silk  fiber,  is 
bisected  by  the  latter,  and  reading  of  scale  and  circle  taken. 
Then  the  screw  is  turned  till  the  silk  fiber  bisects  the  deflected 
image  of  the  slit,  and  reading  taken  again.  The  difference 
between  the  two  readings  gives  the  deflection. 
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The  direction  of  rotation  was  right-handed.  To  eliminate 
any  possible  error  which  might  arise  on  this  account,  the 
mirror  in  eight  of  the  later  observations  was  inverted,  thus 
making  the  rotation  left-handed,  and  the  deflection  was  meas- 
ured in  the  opposite  direction.  The  results  agreed  well  with 
those  previously  obtained  with  the  mirror  erect 

To  eliminate  errors  due  to  a  regular  variation  in  speed  during 
every  revolution,  if  any  such  could  exist,  the  position  of  the 
frame  was  changed  in  several  experiments.  Tne  results  were 
the  same  as  before. 

To  test  the  question  as  to  whether  or  not  the  vortex  of  air 
about  the  mirror  had  any  effect  on  the  deflection,  the  speed 
was  lowered  to  192,  128,  96,  and  64  turns  per  second.  K  the 
vortex  had  any  effect,  it  should  have  decreased  with  the  lower 
speed,  but  no  such  effect  could  be  detected.  This  also  proves 
that  any  error  due  to  distortion  of  the  mirror  must  be  excess- 
ively small,  otherwise  it  also  would  have  been  diminished  with 
the  smaller  speed,  thus  giving  different  results. 

Finally,  to  test  if  there  were  any  bias  in  making  the  obser- 
vations, the  readings  in  several  sets  were  taken  by  another,  and 
written  down,  without  divulging  them.  The  separate  readings 
were  as  consistent  as  when  made  by  myself,  and  the  results 
still  agreed  with  those  of  the  other  observations. 

Hesults  of  Observations, 
Every  number  is  the  mean  of  ten  separate  observations. 
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Art.  XLVIL — The  Kane  Oeyser  Well;  by  Charles  A.  Ash- 
burner, Assistant  Second  Geological  Survey  of  Penn.* 

The  Kane  Geyser  or  Spouting  Water-well,  which  during 
the  past  year  has  attractea  such  general  attention  from  the 
"  sight-seeing"  public,  is  no  novelty  to  the  oil  man.  The  cause 
of  the  action  has  been  so  erroneously  represented,  that  a  correct 
explanation  seems  to  be  demanded. 

This  well  is  situated  in  the  valley  of  Wilson's  Run,  near  the 
line  of  the  Philadelphia  and  Erie  Railroad,  four  miles  south- 
east from  Kane.  It  was 
drilled  by  Messrs.  Gruhout 
and  Taylor  in  the  spring 
of  1878  to  a  total  depth 
of  2,000  feet  No  petro- 
leum was  found  in  paying 
quantities  and  the  casing 
was  drawn  and  the  hole 
abandoned,  since  which 
time  it  has  been  throwing 
periodically — every  ten  to 
fifteen  minutes — ^a  column 
of  water  and  gas  to  heights 
varying  from  100  to  150 
feet. 

During  the  operation 
of  drilling,  fresh  "water 
veins"  were  encountered 
down  to  a  depth  of  364 
feet,  which  was  the  limit 
of  the  casing.  At  a  depth 
of  1415  feet  a  very  heavy 
**gas  vein''  was  struck. 
This  gas  was  permitted  a 
free  escape  dunng  the  time 
the  drilling  was  continued 
to  2,000  feet. 

When  the  well  was  abandoned,  from  failure  to  find  oil,  and 
the  casing  drawn,  the  fresh  water  flowed  into  the  well  and  the 
conflict  between  the  water  and  gas  commenced,  rendering  the 
well  an  object  of  great  interest     The  water  flows  into  the  well 

♦  The  above  notice  of  this  remarkable  water-and-gas  geyser  is  from  Stowell^s 
Petroleum  Reporter  (PittHburgh,  Pa.)  for  Sept.  15th.  The  view  of  the  Geyser  is 
copied  from  a  photograph  sent  to  the  editors  by  Mr.  Ashburner.  A  fuller  de- 
scription of  a  similar  and  adjoining  well  by  Mr.  Ashburner  appeared  in  1877  in  the 
Transactions  of  the  American  Philosophical  Society,  and  is  noticed  in  this  Journal 
in  volume  xvi,  at  page  140,  1878. 
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on  top  of  the  gas,  until  the  pressure  of  the  confined  gas  becomes 
greater  than  the  weight  of  the  superincumbent  water,  when  an 
expulsion  takes  place  and  a  column  of  water  and  gas  is  thrown 
to  a  great  height  This  occurs  at  present  at  regular  intervals 
of  thirteen  minutes  and  the  spouting  continues  for  one  and  a 
half  minutes.  On  July  81,  Mr.  Sheafer  (aid,  McKean  County) 
measured  two  columns,  which  went  to  heights  respectively  of 
120  and  128  feet  On  the  evening  of  August  2d,  I  measured 
four  columns  in  succession  and  the  water  was  thrown  to  the 
following  heights :  108,  132,  120  and  138  feet  The  columns 
are  composed  of  mingled  water  and  gas,  the  latter  being  readily 
ignited.  After  night-fall  the  spectacle  is  grand.  The  antago- 
nistic elements  of  fire  and  water  are  so  promiscuously  blended, 
that  each  seems  to  be  fighting  for  the  mastery.  At  one 
moment  the  flame  is  almost  entirely  extinguished,  only  to  burst 
forth  at  the  next  instant  with  increased  energy  and  greater 
brilliancy.  During  sunshine  the  sprays  form  an  artificial  rain- 
bow, and  in  winter  the  columns  became  incased  in  huge  trans- 
parent ice  chimneys. 

A  number  of  wells  in  the  oil  regions  have  thrown  water 
geysers  similar  to  the  Kane  well,  but  none  have  ever  attracted 
such  attention. 

As  early  as  1838  a  salt  well,  drilled  in  the  valley  of  the  Ohio, 
threw  columns  of  water  and  gas,  at  intervals  of  ten  to  twelve 
hours,  to  heights  varying  from  fifty  to  one  hundred  feet  This 
well  is  possibly  the  first  of  the  "  water  and  gas  geyser  wells." 


Art.  XL VIII. — On  a  Resonant  Tuning  Fork;  by  Thomas  A. 
Edison,  Ph.D.,  Menlo  Park,  N.  J. 

[Read  at  the  Saratoga  meeting  of  the  American  Association.] 

For  the  purpose  of  rendering  audible  the  sounds  produced 
by  tuning  forks,  they  are  generally  mounted  upon  resonant 
boxes  containing  a  column  of  air  whose  vibrating  period  is  the 
same  as  that  of  the  fork.     I  have  devised  a  modification  of  this 


=o 


plan,  by  which  the  box  is  dispensed  with,  the  resonant  cham- 
oer,  as  is  shown  in  the  cut,  being  formed  by  the  prongs  them- 
selves. To  make  the  fork,  a  thick  tube  of  bell-metal,  one  end 
of  which  is  closed,  has  a  slit  sawed  longitudinally  through  its 
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center,  the  slit  being  nearly  to  the  closed  end.  This  slit  divides 
the  tube  equally  and  gives  two  vibrating  prongs,  analogous  to 
those  of  a  fork.  To  bring  the  prongs  into  unison  with  the 
column  of  air  between  them,  the  tube  is  put  in  a  lathe  and 
turned  thinner  until  the  desired  point  is  reached  and  the  two 
are  in  unison.  Thereupon  the  sound  of  the  fork  is  powerfully- 
reinforced. 


Art.  XLIX. — Notice  of  New  Jurassic  Mammals  ;  by  Prof. 
0.  C.  Marsh. 

Additional  remains  of  mammals  from  the  Jurassic  of  the 
Rocky  Mountains  indicate  that  this  class  constituted  an  impor- 
tant element  in  the  Mesozoic  fauna  of  this  country.  The  forms 
already  described,*  as  well  as  those  noticed  below,  show  more- 
over, such  a  resemblance  to  known  types  from  the  Purbeck  of 
England,  that  some  connection  between  the  two  faunae  is  clearly 
implied,  and  future  discoveries  will  be  awaited  with  interest 

Ctenacodon  serratus,  gen.  et  sp.  nov. 
One  of  the  most  interesting  specimens  yet  brought  to  light  is 
a  diminutive  right  lower  jaw,  with  most  of  the  teeth  in  excel- 
lent preservation.  This  specimen  diflfers  widely  from  the 
remains  hitherto  found  in  this  country,  but  agrees  in  its  main 
features  with  the  genus  Phtgiaulax  of  Falconer.f  From  the 
type  species  of  that  genus  {P.  Bechelsii\  it  differs  in  having  four 
lower  premolars  instead  of  three;  while  from  all  the  described 
species,  it  may  be  distinguished  by  the  absence  of  the  charac- 
teristic oblique  grooves  on  the  sides  of  the  premolar  crowns. 
This  specimen  is  represented  in  the  figure  given  below. 


Right  lower  jaw  of  Ctenacodon  serrcUus^  Marsh ;  about  four  times  natural  size. 
a.  incisor ;  h.  condyle ;  c.  coronoid  process. 

This  lower  jaw  is  short  and  massive.  Its  outer  surface  is 
marked  by  a  strong  ridge,  which  begins  below  the  first  pre- 
molar, and   is  continued  to  the  base  of  the  coronoid  process. 

*  This  Journal,  vol.  xv,  p.  469,  1878;  voL  xviii,  pp.  60  and  215,  1879. 
t  Journal  Geological  Society  of  London,  vol.  xiii,  p.  261.    1857. 


Digitized  by 


Google 


0.  C.  Marsh — New  Jurassic  Mammals.  897 

The  symphysis  is  short,  and  the  two  rami  were  not  firmly 
coossified.     The  lower  dental  series  is  as  follows  : 

Incisors  1-1 ;  premolars  4-4 ;  molars  2-2. 

The  incisor  was  large,  and  had  a  compressed  basa  The  pre- 
molars are  wedge-shaped,  and  all  have  sharp  trenchant  crowns. 
The  summit  of  each  is  very  thin,  and  the  last  is  distinctly 
serrated.  The  firat  lower  molar  had  a  low  crown,  very  similar 
to  that  of  Plagiaulax. 

The  following  are  the  principal  dimensions  of  this  specimen : 

Length  of  portion  preserved 11*  ""* 

Space  occupied  by  lower  teeth 8*5 

Space  occupied  by  four  premolars  - 4-6 

Depth  of  jaw  below  first  premolar 2*6 

Depth  of  jaw  below  last  premolar 3*6 

Height  of  crown  of  last  premolar 1'6 

A  second  specimen,  also  a  right  lower  jaw,  agrees  essentially 
with  the  one  nere  described.  Both  are  from  the  same  locality, 
in  the  Atlantosaurus  beds  of  Wyoming.  These  fossils,  with 
those  of  the  genus  Plagiaulax^  belong  to  a  well  marked  family, 
which  may  appropriately  be  termed  Plagiaulacidce. 

Dryolestes  arcuatus^  sp.  nov. 

A  third  species  of  Dryolestes  is  at  present  represented  by  five 
specimens,  two  upper,  and  three  lower  jaws.  This  species 
mav  be  distinguished  from  those  alreadv  described  by  the  upper 
and  lower  molar  teeth,  which  are  small,  crowded  together,  and 
placed  on  a  curve,  the  former  with  the  convexity  outward.  The 
specimen  which  may  be  regarded  as  the  type  of  this  species  is  an 
upper  jaw,  with  six  molar  teeth  in  place,  between  these  and  the 
canine,  there  were  at  least  four  premolars.  The  teeth  of  the 
lower  jaw  were  small,  and  numerous,  and  in  one  specimen 
appear  to  have  been  arranged  on  a  curve  opposite  to  that  of 
the  upper  molars. 

The  principal  measurements  of  the  type  specimen  are  as 
follows : 


mm 


Space  occupied  by  teeth  in  maxillary 16' 

Space  occupied  by  six  posterior  molars 7* 

Height  of  maxillary  above  second  premolar 6* 

Space  occupied  by  first  three  upper  molars 3*5 

The  known  remains  of  this  species  indicate  an  animal  about 
as  large  as  a  weasel.  The  species  now  described  represent  a 
distinct  family,  which  may  be  called  Dryolestidce. 

linodon  robustus^  sp.  nov. 
A  species  of  this  genus,  about  twice  as  large  as  the  one 
previously  described  (7!  bellus),  is  indicated  by  a  lower  jaw  with 
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several  teeth  in  good  preservation.  The  lowey  molars  have  a 
strong  basal  ridge  on  the  intier  surface  of  their  crowns.  The 
ramus  of  the  lower  jaw  is  compressed.  The  mylo-hyoid  groove 
is  well  marked,  ana  is  continued  forward  mucn  further  than  in 
the  smaller  species. 

The  main  dimensions  of  this  specimen  are  as  follows : 

Space  occupied  by  four  lower  molars 9.  mm 

Depth  of  jaw  below  first  lower  molar 4* 

Depth  of  jaw  below  last  lower  molar 5* 

Height  of  penultimate  molar  above  inner  side  of  jaw.  2* 

This  specimen  pertained  to  an  animal  about  the  size  of  the 
preceding  speciea 

Tinodon  lepiduSy  sp.  nov. 

Another  species  of  Tinodon,  the  smallest  yet  found,  is  repre- 
sented by  a  left  lower  jaw,  in  fair  preservation.  This  specimen 
differs  from  the  type  of  T.  bellus^  which  it  most  resembles  in 
size,  in  having  smaller  teeth,  the  inner  margin  of  the  jaw 
somewhat  inflected,  and  the  angle  extending  downward  below 
the  condyle,  instead  of  being  emarginate  at  this  point  The 
condyle,  moreover,  is  on  a  level  with  the  base  of  the  teeth,  and 
not  above  their  crowns,  as  in  the  type  species. 

The  present  specimen  measures  as  follows : 

Distance  from  first  molar  to  end  of  condyle 15*  "^ 

Space  occupied  by  four  molar  teeth - 6* 

Depth  of  jaw  below  first  lower  molar 2'5 

Depth  of  jaw  below  condyle 2* 

All  the  specimens  here  described  are  from  the  same  locality, 
in  the  Upper  Jurassic  of  "Wyoming,  and  are  now  preserved  in 
the  Yale  Museum. 
Tale  College,  New  Haven,  October  22d,  18t9. 


SCIENTIFIC    INTELLIGENCE. 
I.  Chemistry  and  PHYSica 

1.  On  a  new  method  of  preparing  Syponitrous  cund. — Since 
the  method  of  nreparing  sodium  hyponitrite  by  reducing  sodium 
nitrite  with  sodium  amalgam  is  long  and  tedious  and  the  yield 
small,  ZoRN  has  devised  an  electrolytic  method  for  producing  it, 
which  works  well  At  first  he  used  platinum  electrodes  in  a  con- 
centrated solution  of  sodium  nitrite ;  but  with  no  result  He  then 
made  the  negative  electrode  of  mercury,  using  four  Bunsen  cells. 
A  pretty  active  evolution  of  gas  begins  in  a  short  time,  the  gas, 
however,  containing  no  ammonia.  If  the  current  be  broken  after 
a  short  time,  the  liquid  neutralized  with  acetic  acid,  and  treated 
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with  silver  nitrate,  an  abundant  precipitate  of  silver  hyponitrite, 
AgNO,  is  throwii  down.  If  the  eWtrolysis  be  continued  too  long, 
i.  e.,  after  the  evolution  of  ammonia  begins,  the  silver  hyponitrite 
falls  as  before  on  adding  silver  nitrate  to  the  neutralized  liquid, 
but  is  immediately  decomposed  with  evolution  of  gas  and  deposi- 
tion of  metallic  silver.  Tnis  reaction  shows,  therefore,  the  pro- 
duction of  hydroxylamine  in  this  electrolysis.  The  yield  of 
hyponitrite  is  good  and  the  author  recommends  this  process  as 
much  preferable  to  that  by  sodium. — Ber.  Berl.  Chem.  Ges.y  xii, 
1609,  Sept,  1 879.  o.  f.  b. 

2.  On  the  Direct  Union  of  CcUcium  oxide  and  Carbon  dioxide. 
— ^It  is  well  known  that  at  a  high  temperature,  calcium  oxide 
unites  directly  with  carbon  dioxide,  while  they  have  no  action  at 
ordinary  temperatures.  Birnbaum  and  Mahn  have  sought  to 
determine  more  exactly  the  temperature  at  which  this  action  com- 
mences. Pure  lime  was  prepared  by  igniting  marble  in  a  platinum 
crucible,  slaking  it  with  water  repeatedly  and  igniting  until  the 
weight  was  constant.  Pure  dry  carbon  dioxide  was  passed  over 
weighed  portions  of  this  lime,  contained  first  in  a  boat  in  a  porce- 
lain tube,  and  afterward  in  a  bulb  of  Bohemian  glass,  the  heat 
being  that  of  a  paraffin  bath  heated  from  leo""  to  820''  0.  The 
wei^t  remainea  unchanged.  Experiments  made  with  baths  of 
lead  and  tin  alloys  fusing  at  from  230°  to  290°,  or  of  pure  lead 
fusing  at  286*2°,  gave  the  same  result.  The  first  absorption  was 
observed  when  the  bulb  was  placed  in  melted  zinc,  416*8  .  After 
five  to  eight  hours,  100  parts  of  lime  absorbed  4*1  per  cent  CO^ 
after  thirteen  hours  15*2  per  cent,  after  fortj  hours  31*6  per  cent, 
and  after  fifty  hours  45*7  per  cent  Since  100  parts  of  lime  re- 
quires 78*67  parts  CO,,  but  a  little  more  than  half  the  quantity 
required  to  form  CaCO,  was  taken  up  in  this  time.  On  heating  for 
sixty  hours,  only  21*1  per  cent  was  absorbed.  Hence  dissociation 
must  also  take  place  at  this  temperature.  To  test  the  question, 
precipitated  calcium  carbonate  was  treated  in  a  slow  current  of 
dry  air  in  the  zinc  bath.  After  ten  hours  0*78  grams  had  lost 
0*011  grams;  but  farther  heating  did  not  increase  this  quantity. 
The  temperature  of  union  and  of  dissociation  of  calcium  carbonate 
is  therefore  about  400°. — Ber.  Berl.  Chem.  Ges.,  xii,  1547,  Sept, 
1879.  G.  p.  B. 

3.  On  the  new  Element^  Scandium. — ClAvb  has  studied  the 
new  earth  scandia,  discovered  by  him,  a  few  weeks  after  Nilson's 
announcement  of  it,  in  gadolinite  and  yttrotitanite,  the  former  con- 
taining 0*002  to  0*008  and  the  latter  0005  per  cent  of  scandium. 
Scandia  has  the  formula  Sc,0„  ammonio-  and  potassio-scandium 
sulphates,  and  also  the  oxalates  and  selenites,  establishing  it 
From  eight  to  ten  grams  of  scandia,  by  repeated  decompositions 
of  the  nitrate,  one  gram  of  a  white  earth  was  obtained.  This  was 
converted  into  sulphate  and  calcined;  1*451  grams  gave  0*5293  of 
scandia,  which  gives  for  the  atomic  weight  of  scandium  44*01.  If 
scandia  be  taken  as  ScO,  the  above  result  gives  as  its  molecular 
weight  46*94;  differing  essentially   from   105*83  the  minimum 
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value  given  by  NilsoiL  Carefiil  examination  by  Tbal^n  with  tbe 
spectroscope,  proved  Clove's  scandia  to  be  pure ;  hence  he  infers 
that  in  the  0*3298  ffram  of  scandia  on  which  Nilson  worked  there 
must  have  been  only  0'043  of  scandia  and  seven  or  eight  times 
as  much  ytterbia.  Cl^ve  concludes  on  45  as  the  atomic  weight  of 
scandium.  Scandia  Sc,0,  is  a  perfectly  white  light  powder,  infus- 
ible and  resembling  magnesia.  Acids,  even  the  strongest,  attack 
it  with  difficulty ;  still,  it  is  more  soluble  than  alumina.  Its  den- 
sity is  about  3'8.  The  hydrate  is  white  and  bulky  like  that  of 
alumina.  It  does  not  attract  CO,  from  the  air,  is  insoluble  in 
excess  of  ammonium  or  potassium  hydrates,  and  does  not  decom- 
pose salts  of  ammonium.  Its  salts  are  colorless,  with  an  acid  and 
astringent  taste,  quite  different  from  the  sweet  taste  of  the  other 
yttria-earth  salts.  The  sulphate  does  not  give  distinct  crystals ; 
but  the  nitrate,  oxalate,  acetate,  and  formate  are  crystalliiuible. 
The  chloride  gives  no  spectrum  when  heated  in  a  gas  flame.  Its 
solution  is  precipitated  bv  ammonium  and  potassium  hydrates,  the 
precipitate  being  insoluble  in  excess.  Tartaric  acid  prevents  the 
precipitation  by  ammonia  in  the  cold.  Sodium  carbonate  gives  a 
precipitate  soluble  in  excess.  H,S  gives  no  precipitate,  (NHJHS 
throws  down  the  hydrate,  sodium  phosphate  gives  a  gelatinous 
precipitate.  Oxalic  acid  gives  a  curdy  precipitate  which  becomes 
rapidly  crystalline.  Sodium  hyposulpnite  and  sodium  acetate 
precipitate  readily  boiling  solutions,  though  incompletely.  What 
renders  the  discovery  of  scandium  particularly  interesting  is  the 
fact  that  its  existence  and  properties  were  predicted  by  Mendele- 
jeff,  as  a  consequence  of  his  law  of  periodicity,  and  called  ekabor. 
The  remarkably  close  correspondence  of  the  properties  of  ekabor 
with  those  of  scandium  is  shown  by  printing  them  in  parallel  col- 
umns in  Clove's  memoir. —  C\  R.^  Ixxxix,  419,  Aug.,  1879. 

G,    F.    B. 

4.  On  two  new  JEJlemente^  Thulium  and  Hblmium. — Since  the 
ytterbium  of  Marignac  and  the  scandium  of  Nilson,  both  of  whioh 
were  discovered  in  erbia,  give  colorless  salts,  CiAve  has  sought  to 
distinguish  the  substance  in  this  earth  which  gives  the  red  color 
and  the  beautiful  absorption  spectrum  to  its  salts,  in  order  to 
ascertain  if  it  was  erbium  itself.  Using  the  residues  from  which 
Nilson  had  separated  the  ytterbia  and  the  scandia,  he  found  it 
impossible  to  obtain  a  red  oxide  with  a  constant  molecular  weight, 
even  after  several  hundred  decompositions.  Suspecting  the  pres- 
ence of  an  unknown  oxide,  he  applied  to  Thal^n  to  examine  the 
spectrum  of  what  be  regarded  as  the  purest  erbia,  and  to  compare 
it  with  that  of  yttria  and  of  ytterbia.  Certain  absorption  bands 
in  the  last  fractions  suggested  that  the  color  of  erbia  is  due  to 
the  presence  of  three  oxides  giving  absorption  spectra.  The  red- 
dest of  the  fractions  (RO  mol.  wt.,  126-127)  were  united  and  sub- 
mitted to  a  long  series  of  decompositions,  one  fraction  being 
treated  for  ytterbia,  another  for  yttria,  and  a  third,  intermediate, 
containing  the  concentrated  erbia.  At  the  same  time,  he 
attempted  to  concentrate  the  coloring  matter  in  residues  A,  rich 
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in  ytterbia,  and  6  in  yttria.  After  pushing  the  treatment  as  far 
as  possible  with  the  amount  of  material  in  hand,  he  submitted  the 
fiye  fractions  to  Thal^n,  who  found  bands  common  to  all  the  frac- 
tions and  hence  due  probably  to  erbia.  These  had  the  following 
wave-lengths:  6660-6680  (weak),  6516-6546  (strong),  6476- 
6515  (quite  strong),  5400-5415  (quite  strong),  5226-5236  (very 
strong),  6185-5225  (strong),  4865-4877  (strong),  4475-4515 
^quite  strong).  The  following  bands  varied  markedly  from  one 
traction  to  another : 

Fraction  A,  Erbium  f  Fraction  B, 

Bxtr.  ftom        Sxtr.  from  Uean  Kztr.from       Bxtr.  from 

WATO-length.  ytterbU  resldaeB.  erbU  126-7.  frftcUons  126-7.    erbU  196-7.    residues  rich  In 

yttrium. 

X        6480  strong       ^^"^^^2        ^*^'®  ^^'^^  ^^^^^ 

y    6400-6425     ^^^^^       trace         weak         weak       P^^^^^ 
.         5860  fails       '-^::        trace        feeble       ^ng 

Hence  x  belongs  to  fractions  situated  near  ytterbia  and  does  not 
exist  in  fractions  from  yttrium.  But,  on  the  other  hand,  y  and  z 
fail  in  the  ytterbium  residues  but  grow  sharper  as  yttrium  is 
approached.  The  ytterbia  fractions  gave  a  rose  color,  with  a 
tinge  of  violet ;  the  yttria  fractions  had  an  orange  tint.  For  the 
element  between  ytterbia  and  erbia,  characterized  by  band  x  in 
the  red  of  the  spectrum,  Cl^ve  proposes  the  name  Thulium^  from 
Thule,  the  ancient  name  of  Scandinavia.  The  atomic  weight,  Tm, 
should  be  about  113  if  its  oxide  is  RO.  £rbium  proper,  which 
has  the  common  bands  mentioned,  has  the  atomic  weight  110-111. 
Its  oxide  is  of  a  clear  rose  color.  The  third  metal  present,  chai^ 
acterized  by  the  y  and  z  bands,  and  which  is  between  erbia  and 
terbia,  should  have  an  atomic  weight  below  108.  Its  oxide 
appears  to  be  yellow.  For  it,  the  name  Holmium  is  proposed, 
derived  from  the  Latin  name  of  Stockholm,  the  environs  of  which 
are  rich  in  yttria  minerals. —  C  7?.,  Ixxxix,  478,  Sept.,  1879. 

G.    F.    R 

6.  Notes  on  the  two  new  Elements  announced  by  Cl^ve, — Soret 
has  called  attention  to  the  fact  that  he  pointed  out  in  the  spring  of 
1878,  the  two  bands  which  characterize  holmium,  as  not  belonging 
to  erbia,  but  to  a  new  earth  which  he  called  provisionally  X  and 
which  is  perhaps  identical  with  philippium  since  discovered  by 
Delafontame.  Beside  these  two  banas,  Soret  recognized  three 
other  absorption  bands ;  one  less  refrangible  than  A,  a  second 
overlapping  the  band  of  erbia  in  the  indigo,  and  a  third,  faint,  in 
the  violet  a  little  beyond  h.  In  the  ultra  violet-spectrum  six 
absorption^maxima  exist  from  H  to  R.  In  samarskite,  the  earth 
X  is,  relatively  to  erbia  much  more  abundant  than  in  gadolinite. 
As  to  the  red  ray  which  characterizes  thulium,  Soret  had  already 
observed  that  also  in  some  ytterbia  products  which  had  been  sent 
to  him  for  examination  by  Marignac.  Lecoq  de  Boisbaudran 
confirms  Soret's  statement  in  regard  to  the  red  thulium  ray,  hav- 
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ing  observed  it  in  a  sample  of  impure  ytterbia  which  he  had 
received  from  the  latter  some  months  a^o.  He  inclined  to  the 
belief  that  all  the  bands  were  due  to  erbia,  modified  by  the  con- 
ditions. Bat  special  experiments  led  him  to  coincide  m  Soret's 
views  and  to  conclude  in  the  possibility  that  erbia  was  a  mixture 
of  three  oxides. —  C.  R.^  Ixxxix,  Sept.,  1879.  g.  f.  b. 

6.  An  Introduction  to  the  Practice  of  Commercial  Organic 
Analysis;  being  a  Treatise  on  the  properties,  proximate  analytical 
examination,  and  modes  of  assaying  the  various  organic  chemicals 
and  preparations  employed  in  the  Arts,  Manufactures,  Medicine, 
etc.  With  concise  methods  for  the  Detection  and  Determination 
of  their  Impurities,  Adulterations  and  Products  of  decomposition ; 
by  Alfred  H.  Allen,  F.C.S.,  Lecturer  on  Chemistry  at  the 
Sheffield  School  of  Medicine,  etc.  Volume  L  Philadelphia,  1879. 
(Lindsay  &  Blacldston.) — In  preparing  this  book,  Mr.  Allen  has 
done  a  good  service  for  the  public  analyst.  The  ffreat  activity 
in  organic  research  in  recent  years  has  resulted  in  the  production 
of  a  Targe  number  of  compounds  whose  valuable  properties  have 
led  to  their  commercial  utilization.  Except,  however,  in  the 
original  memoirs  where  they  were  described,  the  properties  and 
reactions  of  many  of  these  compounds  have  remamed  compara- 
tively unknown,  and  hence  their  adulteration  has  been  an  easy 
matter.  In  gathering  together  the  physical  and  chemical  prop- 
erties of  these  substances  into  a  convenient  volume,  and  especially 
in  doing  this  with  the  care  and  scientific  accuracy  which  Mr. 
Allen  has  evidently  exercised,  a  valuable  aid  has  been  rendered 
in  protecting  the  public  from  imposition.  The  volume  before  us 
is  tne  first  of  two  which  the  author  has  projected.  After  a  brief 
introduction,  in  which  are  given  the  methods  of  the  preliminary 
examination  of  organic  homes,  the  study  of  their  physical  prop- 
erties, their  solubUity  in  various  menstrua,  their  uUimate  or  ele- 
mentary analysis,  ana  the  production  of  definite  compounds  from, 
and  the  products  of  decomposition  of,  organic  bodies,  the  author 
takes  up  several  classes  of  these  organic  bodies  in  the  following 
order:  Cyanogen  and  its  derivatives,  alcohols,  neutral  alcoholic 
derivatives,  acid  alcoholic  djerivatives  and  vegetable  acids,  phe- 
nols, and  the  acid  derivatives  of  phenols.  The  individual  members 
of  each  class  which  are  of  commercial  importance  are,  in  general, 
quite  fully  considered,  their  origin,  mode  of  preparation,  physical 
and  chemical  properties,  reactions,  and  adulterations,  being  dis- 
cussed in  order.  This  portion  of  the  work  appears  to  be  entirely 
reliable,  and  leads  us  to  hope  that  the  second  volume  may  soon 
be  forthcoming.  In  reproducing  it  here,  the  American  publishers 
have  strengthened  the  cause  of  sanitary  chemistry  in  this  country. 

G.  F.  B. 

7.  Laboratory  Teaching :  or  Progressive  Exercises  in  Practical 
Chemistry;  by  Charles  London  Bloxam,  Professor  of  Chem- 
istry in  King's  College,  London,  etc.  Fourth  Edition,  with 
eighty-nine  illustrations.  Philadelphia,  1879.  (Lindsay  &  Blar 
kision.) — Chemical  text-books  may  be  divided  into  two  classes, 
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those  which  teach  Chemistry  as  a  science  and  aim  to  make 
chemists,  and  those  which  teach  it  as  an  art  and  aim  to  make 
analysts.  Professor  Bloxam's  book,  to  judge  from  the  somewhat 
extraordinary  preface  to  the  fourth  edition,  belongs  evidently  to 
the  latter  class.  He  says :  '^  The  most  important  alteration  in  the 
present  edition  is  the  introduction  of  the  formulse  representing  the 
various  chemical  compounds  described  in  the  notes  to  the  tables. 
The  formul»  are  those  now  generally  employed  by  chemical 
writers  and  teachers  in  this  country.  The  verbal  description  of 
the  composition,  in  the  Tables  of  Common  Compounds  of  the 
several  metals,  has  not  been  altered  so  as  to  bring  it  into  perfect 
harmony  with  the  formuIsB,  since  the  description  there  given  gen- 
erally informs  the  learner  what  substances  can  be  obtained  by  the 
decomposition  of  the  Common  Compounds  which  is  not  so  easily 
to  be  ascertained  by  an  inspection  of  the  formulae.  For  example, 
the  composition  of  saltpeter  is  described  at  page  81  as  Potash 
(Potassium  and  Oxygen)  and  Nitric  Acid,  while  the  formula 
KNO,  does  not  indicate  the  presence  of  potash  (K,OJ  or  of  nitric 
acid  (HNO,) ;  but  both  these  substances  are  obtainaole  from  salt- 
peter by  very  simple  chemical  operations,  and  saltpeter  may  be 
produced  by  causing  them  to  act  upon  each  other.  It  is  true  that 
similar  reasoning  would  justify  the  statement  that  common  salt 
contained  soda  and  hydrochloric  acid  instead  of  sodium  and  chlo- 
rine, but  the  author  feels  that  an  endeavor  to  be  absolutely  con- 
sistent would  injure  the  practical  usefulness  of  so  small  a  book." 
Hence  we  are  not  surprised  to  find  that  Na,SO^  is  called  sulphate 
of  soda  and  that  it  is  said  to  be  composed  of  soda  and  sulphuric 
acid ;  or  to  be  told  that  sulphate  of  ammonia  (NH  J,SO^,  is  com- 
posed of  ammonia,  water,  and  sulphuric  acid.  In  the  first  edition. 
It  is  claimed  as  a  merit  that  the  book  ''  does  not  enter  into  any 
theoretical  speculations."  In  the  light  of  the  preface  to  the  fourth 
edition  and  of  the  instances  just  quoted,  we  have  to  differ  from 
that  opinion,  reminding  the  author  that  unexploded  theories  are 
less  dangerous  to  teach,  than  exploded  one&  Viewed  from  the 
author's  stand-point,  however,  the  book  has  some  ^ood  points. 
The  methods  of  manipulation  are  well  described  and  illustrated, 
the  leading  reactions  of  the  more  commonly  occurring  substances 
are  clearly  given,  and  the  processes  for  the  qualitative  determina- 
tion of  unknown  mixtures  are  plainly  tabulated.  The  mechanical 
execution  of  the  book  is  excellent.  g.  f.  b. 

8.  Solar  Physics.  —  On  the  occasion  of  the  partial  eclipse 
observed  at  Marseilles  on  the  19th  of  July,  1879,  M.  Jansskn 
applied  the  photographic  method  of  observing  contacts.  The 
ODservation  of  partial  eclipses  have  long  been  considered  inaccu- 
rate for  the  determination  of  position ;  the  difiiculties  of  taking 
precise  micrometric  measurements  upon  the  sun  and  the  determin- 
ation of  the  instant  of  contact  are  well  known.  M.  Janssen  pro- 
poses to  take,  by  means  of  a  revolver^  a  number  of  solar  images  of 
0"**06  to  0"*10  in  diameter,  at  intervals  of  one  second.  By  opti- 
cal methods  the  contacts  cannot  be  observed  with  precision,  on 
Am.  Joub.  Soi.— Thibd  Sbbibs,  Vol.  XVIII,  No.  107.— Nov.,  1879. 
26 
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account  of  the  small  deformation  of  the  solar  disc,  when  the  moon 
encroaches  upon  it.  With  the  revolver  one  can  obtain  a  series  of 
negatives  which  include  the  critical  moment  of  contact  These 
negatives  can  be  examined  at  leisure.  These  photographs  also 
can  be  used  to  determine  the  relative  position  of  the  two  heavenly 
bodies  at  the  different  intervals  of  time,  and  by  this  means  checJc 
the  above  method  of  observing  contacts.  The  method  is  also  of 
use  in  studying  the  character  of  the  sun's  surface.  If  the  moon's 
disc  is  absolutely  free  from  a  gaseous  envelope,  the  solar  granula- 
tion preserves  its  forms  and  its  character  up  to  the  edge  of  the 
occuUing  moon.  If,  however,  a  gaseous  envelope  of  considerable 
size  interposes  itself,  it  will  act  under  the  most  fietvorable  condi- 
tions for  producing  these  deformations  by  refraction.  The  exist- 
ence and  the  value  of  these  deformations  of  the  granulations  at 
the  edge  of  the  occulting  moon  will  therefore  become  a  very  sore 
test  of  the  presence  and  density  of  this  atmosphere.  This  method 
also  allows  of  the  determination  of  the  height  of  the  lunar  moon- 
tains  situated  on  the  edge  of  the  moon's  limb,  in  a  position  where 
the  melJiods  of  measurement  hitherto  used  have  oeen  the  most 
difficult  and  the  most  inexact.  The  photographs  of  the  edge  of 
the  sun  upon  which  the  moon's  limb  encroaches  gives  the  contour 
of  all  the  inequalities  of  the  surface  of  the  moon  which  are  pro- 
jected upon  the  sun.  By  micrometric  measurements  and  compari- 
son with  the  sun's  disc,  one  can  readily  obtain  the  relative  size  of 
these  inequalities  of  surface.  These  measurements  together  with 
those  of  the  angles  they  subtend,  as  seen  from  the  earth,  afford 
the  means  of  obtaining  their  true  size.  This  method  of  observa- 
tion was  employed  on  the  occasion  of  the  late  eclipse  at  Marseilles. 
Some  solar  photographs  0*^*30  in  diameter  were  taken.  These 
photographs  show  the  granulations :  but  do  not  give  any  evidence 
of  a  change  on  the  moon's  limb.  They  however  show  very  clearly 
the  inequalities  of  the  lunar  contour,  and  allow  of  micrometric 
measurements  of  the  heights  of  these  inequalities. —  Compies 
Bendusy  No.  6,  1879,  p.  340.  j.  t. 

9.  Density  of  the  light  Ether. — Herr  P.  Glan  criticizes  the  con- 
clusions of  bir  William  Thomson  that  the  mass  M  of  a  cubic  foot 

83(7 
of  ether  is  greater  than  ™^  pounds,  where  g  is  the  gravitation 

constant,  V  the  velocity  of  light,  and  n  the  ratio  of  the  greatest 
velocity  of  a  rotating  ether  particle  to  the  velocity  of  light.  The 
value  of  n  taken  by  Thomson  is  -^  and  the  resulting  value  of  M 
is  greater  than  isgo^ioi?  pound.  According  to  Thomson  it  lies 
in  the  nature  of  wave-movement  that  the  ratio  of  the  greatest 
velocity  of  a  swinging  particle  to  the  velocity  of  light  must  be 
small,  and  if  the  ratio  -^  is  taken  the  resulting  value  of  M  must 
be  below  the  true  value.  Herr  Glan,  from  theoretical  conclusions 
upon  the  limit  of  actual  disruption  of  the  ether,  doubts  the  con- 
clusions of  Thomson.  The  passage  of  the  heavenly  bodies 
through  the  ether  of  space  must  tend  to  separate  the  ether  parti- 
cles, and  since  the  ether  offers  no  sensible  opposition  to  the  pas- 
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sage  of  these  bodies,  it  is  conclnded  that  very  little  energy  is 
Deeded  to  effect  any  separation  of  ether  particles  which  may  take 
place,  and  the  greatest  possible  dilatation  of  this  ether  mast  be 
much  smaller  than  is  the  case  with  glass  or  water.  In  comparing 
authorities,  Herr  Glan  finds  that  ta£ng  the  greatest  possible  dila- 
tation of  glass  before  disruption  at  tsV?  ^^^  value  of  n=z^^  which 
is  twice  the  value  taken  by  Thomson.  For  the  greatest  possible 
dilatation  of  water  under  the  same  conditions,  the  value  of  ^hr^ 
is  taken.  This  gives  the  value  n=z^'^  if  the  dilatation  ot  the 
ether  before  disruption  is  as  great  as  in  the  case  of  water.  This 
value  of  n  shows  that  the  ether  in  a  definite  space  possesses  more 
mass  than  the  hundred  billionth  part  of  this  space,  if  it  were  filled 
with  hydrogen  at  its  normal  density.  The  lower  limit  of  the  den- 
sity of  ether,  according  to  this  calculation,  would  therefore  be 
7416  times  greater  than  that  given  by  Thomson. — Annalen  der 
Physik  una  Cheviiey  No.  8,  1879,  p.  640.  j.  t. 

10.  Mechanical  Equivalent  of  Meat. — H.  Carnot  has  presented 
to  the  French  Academy  a  series  of  his  brother  SadPs  manuscripts 
written  between  1824  and  1832.  From  these  papers  it  appears 
that  Sadi  Carnot  had  discovered  the  mechanical  equivalence  of 
heat  and  work.  The  following  is  an  extract  from  these  papers : 
"  Heat  is  then  the  result  of  a  movement.  It  can  be  produced  by 
the  consumption  of  motive  power,  and  it  can  produce  this  power. 
When  there  is  destruction  of  motive  power,  there  is  at  the  same 
time  a  production  of  heat  exactly  equivalent  to  the  motive  power 
destroyed.  Reciprocally  when  there  is  destruction  of  heat  there 
is  production  of  motive  power.  According  to  some  ideas  which  I 
have  formed  upon  the  theory  of  heat,  the  production  of  a  unit  of 
motive  power  necessitates  the  destruction  of  2*70  units  of  heat." 
The  unit  of  work  taken  is  that  which  will  lift  one  cubic  centimeter 
of  water  one  meter  high.  This  unit  is  1000  kilogrammeters.  The 
mechanical  equivalent  of  heat,  according  to  this,  would  be  y^^ 
=:d70  kilogrammeters.  The  firat  determmation  of  Mayer  in  1842 
gave  365  kilogrammeters.  Joule's  result  is  425.  The  publica- 
tion of  this  result  of  Carnot  was  prevented  by  his  death,  which 
occurred  at  the  early  age  of  36. — Jaeiblatter^  Annalen  der  Physik 
und  Chemiey  No.  8,  1879,  p.  584.  j.  t. 

11.  Units  and  Physical  Constants j  by  Professor  J,  D.  Everett. 
175  pp.,  small  8vo.  London,  1879.  (Macmillan  &  Co.). — The 
author  of  this  work  was  the  Secretary  of  the  Committee  of  the 
British  Association  appointed  with  reference  to  "the  selection 
and  nomenclature  of  dynamical  and  electrical  units."  In  1875 
he  prepared  a  volume  of  illustrations  of  the  C.  G.  S.  system  (or 
centimeter-gram-second  system)  of  units,  adopted  by  this  Com- 
mittee, and  of  this  volume  the  present  work  is  substantially  a 
second  edition.  It  appears,  however,  in  a  much  enlarged  form, 
and  under  a  different  name.  The  importance  to  the  physicist  of 
having  the  many  physical  constants  referred  to  a  uniform  series 
of  fundamental  units  can  hardly  be  over-estimated,  and  hence  the 
great  value  of  Professor  Everett's  book,  in  which  this  end  is 
accomplished. 
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12.  Elementary  Lessone  on  Sound;  by  Dr.  W.  H.  Stoitk.  191 
pp.  12mo.  London,  1879.  (Macmillan  &  Co.). — The  fondamental 
principles  of  Acoustics  are  fully  and  clearly  stated  and  illuBtrated 
with  numerous  figures  and  practical  examples.  From  them  the 
author  passes  to  the  development  of  the  theory  of  music,  and 
explains  it,  so  far  as  space  permits,  in  a  very  clear  and  satisfactory 
manner.  He  makes^  use  of  the  results  of  the  more  recent  in  vesta- 
gations  in  this  field,  and  thus  puts  within  the  reach  of  the  student 
much  that  would  otherwise  be  inaccessible  to  him. 

n.  Geology  and  Mineralogy. 

1.  On  some  points  connected  with  the  igneous  eruptions  edong 
the  Cascade  Mountains  of  Oregon;  by  Rev.  Thomas- Condok. 
(From  a  letter  to  J.  D.  Dana,  dated  Eugene  City,  Oregon,  July 
I,  1879.) — [The  letter  was  written  in  reply  to  an  mquiry  respect- 
ing the  continuity  of  the  lavas  of  Mt.  Hood  and  the  Cascade 
Region  with  those  of  Mt.  Adams  and  Mt.  St.  Helens,  and  relatiog 
to  other  points  bearing  on  the  extent  of  the  eruptions  southward 
along  the  Cascade  range. — ^j.  d.  d.] 

The  Cascade  ran^e  from  Klamath  River,  south  of  the  Columbia, 
to  Mt.  Rainier,  on  the  north,  has  somewhat  of  the  outline  of  a  pros- 
trate tree,  far  gone  to  decay.  The  main  trunk  is  well  represented 
by  the  main  range ;  and  at  almost  regular  intervals  along  the  whole 
line,  we  find,  lying  by  its  side,  the  remnants  of  its  former  limbs ; 
not  entire  limbs  now,  but  the  knots  that  survive  to  represent  them. 
Beginning  at  the  north  we  find  in  the  Simcoe  Mountains,  directly 
east  of  Mt.  Adams,  an  evident  outflow  of  eruptive  material  from 
that  center ;  tilted  and  broken,  yet  in  line.  Twenty-five  or  thirty 
miles  south  of  Simcoe  Mountain,  we  find  another  such  in  the 
Klikitat  Mountain;  at  the  foot  of  which  flows  the  Columbia 
River,  and  by  whose  help  and  guidance,  the  Columbia  was  en- 
abled to  penetrate  and  break  through  the  range  itself  at  the 
Cascades.  This  Klikitat  Mountain  is  2,000  feet  high,  and  its  beds 
are  warped  and  tilted,  showing  that,  like  the  Simcoe  Mountain,  it 
was  subjected  to  the  full  measure  of  the  violence  that  here  closed 
the  Miocene  Tertiary.  Thirty  miles  south  of  this  is  another  ele- 
vation, known  here  as  the  Des  Chutes  Hill.  This,  too,  is  basalt, 
flexed  and  tilted,  and  broken,  yet  continuous ;  an  evident  outflow 
from  the  neighborhood  of  Mt.  Hood. 

Others  may  be  traced  farther  south.  Now  all  these  hills  have 
the  following  common  characteristics :  first,  they  are  of  eruptive 
origin ;  secondly,  the  dip  is  regularly  away  from  the  main  range, 
from  whose  summit  or  sides  they  once  flowed ;  thirdly,  the  dip 
they  all  have  indicates  a  higher  source  of  outflow  than  tne  present 
altitude  of  the  range  could  give.  They  are  just  what  they  would 
be  if  the  places  they  now  occupy  had  once  been  the  excavated 
valleys  of  streams  of  a  higher  level  than  our  present  ones,  into 
which  great  lava  streams  flowed,  displacing  their  waters,  and 
thus  transferring  their  eroding  power  from  old  ravines  to  the 
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softer  sediments  aroimd  them,  till  the  ravine  full  of  lava  became  a 
mountain,  and  its  former  banks  deeper  excavations.  These  trans- 
verse lines  of  hills  as  seen  from  a  point  fifty  or  sixty  miles  away 
show  a  fine  series  of  accordant  lines  in  perspective,  very  suggest- 
ive of  similarity  of  origin. 

At  the  close  of  the  period,  in  the  geology  of  the  Cascade  region, 
represented  by  the  facts  mentioned :  First,  there  existed  the  main 
range,  here  running  north  and  south,  and  at  a  much  higher  alti- 
tude than  the  present ;  second,  a  series  of  offshoots  from  the  range 
less  in  altitude  than  the  range  itself;  and  third,  a  series  of  deep 
and  extensive  interspaces  excavated  in  the  older  softer  sediments, 
in  relation  to  which  tnese  basaltic  of&hoots  became  future  partitions. 

Now  one  of  the  largest  of  these  offshoots,  situated  between  Mt. 
Hood  and  Mt.  Adams,  is  the  Klickitat  Mountain,  which  breaks 
the  continuity  of  all  eruptions  after  the  commencement  of  the  Plio- 
cene or  thereabouts. 

As  to  the  history  of  the  deeply  excavated  interspaces,  we 
may  take  the  one  nearly  east  of  Mt.  Hood.  The  Dee  Chutes 
Hill,  one  of  these  offshoots  already  described,  is  its  northern  bar- 
rier, and  we  may  make  it  our  standard  of  record.  That  this 
excavation  was  once  2,000  feet  deeper  than  it  is  now  is  proved  by 
the  two  facts  that,  first,  the  Des  Coutes  River  has  cut  its  channel 
through  its  present  filling  of  basalt  without  reaching  the  bottom, 
and  secondly,  that  this  great  thickness  of  rock  lies  in  undisturbed 
and  unbroken  level.  Twenty-six  to  thirty  distinct  outflows  may 
be  counted  in  the  section,  at  the  crossing  of  the  Des  Chuttes  River. 
This  later  basalt  is  dark  in  color,  dense  in  structure,  and  easily 
distinguished  from  the  basalt  of  the  neighboring  hill,  which  has  a 
brown  color  and  is  lighter.  These  later  outflows  filled  up  this  vast 
excavation,  then  spread  eastward  and  northward  till  they  reached 
the  outlving  elevations  of  the  foothills  of  the  Blue  Mountains.  A 
well  denned  belt  of  sedimentary  rock  marks  the  strictly  eastern 
limit  of  this  outflow  along  the  line  of  Antelope  Valley  and  the 
John  Day  River.  The  nearest  centers  of  eruptive  outflow,  other 
than  those  of  the  Cascade  Range  here,  would  oe  from  the  western 
spurs  of  the  Blue  Mountains.  The  largest  of  these  was  an  erup- 
tion from  the  neighborhood  of  Camp  Watson.  It  flowed  into 
what  seems  to  have  been  the  old  meandering  valley  of  the  John 
Day  River.  It  appears  to  have  filled  up  the  valley  and  set  the 
waters  to  excavatug  a  new  one  for  themselves.  Tliis  old  valley 
full  of  basalt  is  now  a  mountain  1,200  to  1,500  feet  above  the 
plane.  The  mold  in  which  its  mass  was  cooled  has  long  since 
been  washed  or  quietly  worn  away.  This  Blue  Mountain  basalt 
can  easily  be  distinguished  from  that  of  the  Cascades.  It  is  filled 
with  granulations  of  a  dark  green  pyroxene  that  gives  its  weath- 
ered surfaces  a  pustulated  appearance. 

The  undisturbed  basalts  that  have  filled  up  those  vast  excava- 
tions constitute  a  second  series  of  operations  in  the  region. 

The  diminished  eruptions  of  later  times  make  another  group  of 
facts,  and  in  the  respective  fields  of  Mt.  Hood  and  Mt.  Adams 
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they  differ  widely.  It  is  as  if  the  eruptions  from  Mt.  Adams  bad 
ceased  in  times  of  strong  currents  of  lava,  while  those  of  Ml. 
Hood  continued  till  recent  times,  with  less  and  less  of  dense 
materials,  and  a  vast  increase  in  showers  of  ashes,  and  ootflows 
of  volcanic  mud. 

The  limited  amount  of  examination  I  have  myself  ^ven  the 
summit  line  of  the  Cascade  Range  hardly  entitles  me  to  state  how 
far  the  interval  between  Mt.  Hood  and  Mt  Shasta  is  covered 
with  eruptive  rocks.  But  if  I  should  judge  from  the  materials 
brought  down  in  the  beds  of  its  streams,  and  the  rocks  I  have 
gathered  at  points  where  I  have  crossed  the  sunmiit,  I  should  say 
nearly  the  whole.  This  answer  will  not  seem  so  improbable  if  we 
remember  that  our  present  snow  peaks,  Hood,  Jefferson,  The 
Sisters,  Dimond,  Scott  and  Pitt,  are  only  a  few  of  the  volcanic 
vents  between  Hood  and  Shasta.  These  named  only  mark  recent 
vents,  and  not  even  half  of  these.  Many  older  vents  have  been 
covered  up. 

Two  years  ago  I  felt  intensely  interested  in  the  examination  of 
one  of  the  more  recent  deposits  of  the  Cascade  Range,  a  short 
description  of  which  I  will  add  hera  This  deposit  was  tiie  result 
of  an  immense  shower  of  volcanic  ashes.  The  point  at  which  I 
crossed  it  is  perhaps  midway  between  Hood  and  Shasta.  Of 
course  these  showers  of  ashes  would  drift  eastward  of  the  summit, 
for  the  prevailing  winds  there  are  westerly.  We  encountered 
them  six  or  eight  miles  west  of  the  summit.  The  volcanic  ashes 
were  evenly  laid  over  the  whole  surface,  like  a  covering  of  snow. 
East  of  the  summit  there  was  a  marked  increase  in  its  quantity, 
so  much  so,  that  the  sharp  features  of  the  older  surface  ceased  to 
show  themselves  through  it  We  traveled  over  it  for  a  distance 
of  fifty  or  sixty  miles,  noticing  that  as  we  receded,  from  the  Cas- 
cade Mountains,  its  materials  were  finer  and  its  bulk  less. 

Eastward  from  Mt  Rainier  this  volcanic  ash  is  everywhere 
mixed  in  large  quantity  with  the  Pliocene  deposits  of  the  Yakima 
Valley.  Around  Mt.  Adams  it  is  almost  entirely  absent  It 
abounds  again  eastward  of  Mt.  Hood.  Former  lake  widenings  of 
the  Columbia  around  The  Dalles  show  this  material  stratified,  and 
containing  fine  impressions  of  late  Tertiary  leaves,  although  depos- 
ited 200  feet  above  present  waters.  The  amount  of  this  volcanic 
ash,  upon  the  eastern  slope  of  the  Cascade  Mountains,  is  enormous, 
and  helps  conceal  from  the  observer  the  rocks  below.  It  has  in  it 
cementing  material,  so  that  a  fall  of  rain  upon  it  seems  to  have 
been  sufficient  to  prevent  its  subsequent  driftmg. 

2.  Bulletin  of  the  U.  S,  Geological  and  U^eogrc^hical  Sur- 
vey  of  the  Territories  (under  F.  V.  Hatden,  as  Geologist-in- 
charge.)  VoL  V,  No.  2.  180  pp.  8vo. — This  new  number  of  the 
Bulletin  contains  the  following  papers :  on  the  Coatis,  by  J.  A. 
Allen;  on  the  present  state  of  P(Mser  domesticuB  in  America, 
and  Second  Installment  of  American  Ornithological  Bibliography, 
by  Dr.  E.  Coues,  U.  S.  A. ;  on  the  Laramie  Group  of  Western 
Wyoming  and  the  adjacent  regions,  by  A.  C.  Pealb  ;  on  Litho- 
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phane  and  new  NoctuidaB,  by  A.  R.  Grote  ;  on  certain  Carbonif- 
eroos  fossils  from  Colorado,  Arizona,  Idaho,  Utah  and  Wyoming, 
and  Cretaceous  corals  from  Colorado,  together  with  descriptions 
of  new  forms,  by  C.  A.  WnrrB ;  on  the  so-called  Two-ocean  pass 
(Plates  3  and  4),  by  F.  V.  Hayden;  on  the  extinct  species  of 
RhinoceratidiB  of  N.  America  and  their  allies,  by  E.  D.  Cope. 

Mr.  White  here  illustrates  anew  the  fact  that  in  the  Western 
Territories  the  Subcarboniferous,  Carboniferous  and  Permian,  mak- 
ing together  a  series  4,000  or  5,000  feet  thick,  have  no  distinctive  fos- 
sils, but  instead,  a  commingling  of  the  species  elsewhere  characteriz- 
ing them ;  and  only  occasionally  do  new  species  in  the  lower  beds 
point  to  a  Subcarbonaceous  age.  It  is  also  true,  as  a  rule,  that  the 
Devonian  and  Upper  Silurian  are  absent  in  all  that  great  region  ;'* 
and  when  all  evidence  of  the  presence  of  the  Subcarboniferous 
fails,  it  is  probable  that  this  division  is  likewise  "  absent  and  from 
one  and  the  same  cause  or  from  similar  causes.''  As  to  the  Per- 
mian, its  time  is  probably  represented  bv  the  upper  strata,  but  no 
Permian  fossils  occur  in  it  that  do  not  also  occur  in  the  great  mass 
of  Carboniferous  strata  beneath.  So  far  as  invertebrate  fossils 
are  concerned,  there  is  great  uniformity  throujzhout ;  and  the  pre- 
vailing characteristics  as  to  fauna  are  those  of  the  Coal-measures 
and  especially  the  Upper  Coal-measures  of  the  Mississippi  basin. 

3.  On  Stromatopora^  by  H.  J.  Cabteb  (Ann.  Mag.  iJ^at  Hist, 
V,  iv,  253,  1879.)— Mr.  Carter,  in  this  third  article  on  Stromato- 
pora,  points  out  the  close  relation  of  these  corals  in  structiwe  to 
the  coralla  of  Hydractinia  and  Millepora,  and  thus  sustains  the 
Hydroid  affinities  of  the  group.  The  paper  is  illustrated  by  a 
plate  representing  sections. 

4.  Note  on  the  Section  by  Mr.  T.  Nelson  DcUe  on  page  293  of 
this  volume;  by  Dr.  S.  T.  Babbett.  (Communication  dated  Port 
Jervis,  N.  Y.,  Oct.  8,  1879.) — In  the  section  by  Mr.  Dale,  No.  5 
is  HalPs  Stromatopora  lAmeetone^  and  is  the  same  as  the  Favoeite 
Limestone^  No.  2  (five  feet  thick),  of  my  paper  in  voL  xiii.  May, 
1877,  of  your  Journal.  The  name  Favosite  limestone  is  a  synonym 
for  Hall's  Stromatopora  limestone,  and  has  long  been  dropped  by 
me.  No.  1,  "Encrinal  limestone,"  of  the  same  paper,  is  undoubt- 
edly the  equivalent,  or,  more  properly  speaking,  tne  continuation 
of  Hall's  Coralline  limestone,  which  I  think  I  have  made  out  to 
be  the  equivalent  of  the  Niagara  limestone ;  at  least,  Whitfield 
recognized  in  it,  at  Nearpass  Quarry,  Malvsites  agglomeratue^ 
Favosites  pyriformiSy  Cladopora  seriata^  Cyathophyllum  Shu- 
mardiy  and  Jihynchonella  pisc^  along  with  several  Coralline  lime- 
stone species.     See  this  Journal,  vol.  xv,  1878. 

5.  Geological  Atlas  of  the  State  of  Ohio.  Prepared  by  J.  S. 
Newbbbbt,  Chief  Geologist,  and  E.  B.  Andbews,  E.  Obton, 
M.  C.  Read,  G.  K.  Gilbbbt,  N.  H.  Winchell,  F.  C.  Hill, 
Assistant  Geologists.  Published  bv  authority  of  the  Legislature 
of  Ohio.  1ft 79. — This  atlas,  published  as  embodying  the  results 
of  the  recent  Geological  Survey,  is  in  six  large  sheets,  and  presents 
the  distribution  of  the  formations  in  colors.     It  is  a  very  handsome 


Digitized  by 


Google 


410  Scientific  Intelligence, 

map  in  its  style  of  publication,  and  of  great  interest  geologically. 
Like  the  Wisconsin  map  and  some  other  recent  geological  atlases, 
it  is  very  large,  much  larger  than  the  amoont  of  detail  upon  it 
made  necessary ;  and,  therefore,  those  having  to  consult  it  might 
well  say,  too  large.  Still  the  science  of  the  land  is  greatly 
indebted  to  the  liberality  of  the  State  of  Ohio,  and  to  ite  geolo- 
gists, for  this  and  all  the  publications  of  the  Survey. 

Some  points  in  the  details  of  the  part  of  the  map  relating  to 
the  section  of  the  State  under  the  charge  of  Professor  £.  B. 
Andrews  are  not  in  accordance  with  his  conclusions ;  and  since 
he  had  no  pai-t  personally,  as  he  states,  in  the  preparation  of  the 
map,  his  proposed  corrections,  recently  received  for  this  Journal, 
are  here  annexed. 

"  (1.)  The  Lower  Carboniferous  limestone—  the  Maxville  lime- 
stone of  my  reports — is  represented  on  the  map  as  having  a  con- 
tinuous outcrop,  forming,  with  but  a  single  short  break,  a  contin- 
uous belt  more  than  four  hundred  miles  long,  around  the  sinuous 
margin  of  the  Coal  Measures.  In  my  investigations  in  this  dis- 
trict, where  I  have  long  lived,  I  have  found  the  Lower  Carbon- 
iferous limestone  only  in  the  few  localities  mentioned  in  the 
Reports ;  and  always  in  limited  patches.  The  limestone  belt  of 
the  map  crosses  the  paths  of  Professor  Orton  in  Pike  County, 
Professor  M.  C.  Read  m  Licking  County,  and  Professor  Stevenson 
in  Muskingum,  but  none  of  these  field-workers  saw  it,  and  th^ 
detailed  geological  sections  give  no  hint  of  it.  (2.)  The  Con- 
glomerate at  the  base  of  the  Coal  Measures  reported  by  Professor 
Orton  in  Pike  County,  and  by  myself  in  Jackson  County,  b 
omitted  from  the  map.  (3.)  According  to  the  map,  the  Waverly 
rocks,  for  a  considerable  distance,  rest  upon  the  Silurian  rocks  of 
the  Cincinnati  uplift  without  any  intervening  Devonian  Black 
shale — the  Huron  shale  of  Dr.  Newberry,  l^is  is  not  far  from 
the  eastern  line  of  Adams  County.  My  report  for  1860,  and  the 
preliminary  map  give  the  belt  of  Black  shale  in  its  proper  location, 
for  *  it  is  finely  exposed,'  to  quote  from  the  report,  '  in  the  Ohio 
River  hills  in  the  neighborhood  of  Rockville,  Adams  County,  and 
in  nearly  all  the  hills  which  range  to  the  north.'  The  final  map 
represents  the  existence  of  the  Black  shale  at  Portsmouth  and  in 
the  valley  of  the  Scioto  River  above,  where  my  searches  only 
revealed  w  averly  rocks ;  but  if  there,  the  shale,  rising  to  the 
westward,  passes  over  a  hilly  mass  of  Waverly  sandstone,  and 
according  to  the  map  never  comes  out  in  any  western  outcrop." 

6.  Geological  Survey  of  Canada:  Meaozoic  Fossils^  Volume  I, 
Part  ii,  on  the  Fossils  of  the  Cretaceous  Bocks  of  Vancouver  and 
Adjacent  Islands  in  the  Strait  of  Georgia  ;  by  J.  F.  Whitkavbs, 
F.G.S.,  Palaeontologist  to  the  Survey.  100  pp.  8vo,  with  10  lith- 
ographic plates.  Montreal,  1879. — The  Cretaceous  fossils  are 
from  the  southeastern  part  of  Vancouver  Island,  and  pertain  to 
two  Coal-fields,  the  Comox  and  the  Nanaimo.  In  the  former,  the 
thickness  of  the  whole  series  is  4,912  feet,  and  that  of  the  produc- 
tive Coal-measures,  789^^  feet;  while  in  the  latter,  the  whole 
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tbiokness  is  5,266  feet,  and  that  of  the  prodnctiye  measures,  1,316 
feet. 

7.  On  the  Structure  and  Affinities  of  the  Tabulate  Corah  of  the 
PalcBOZoic  Period,  with  critical  descriptions  of  Illttstrative  Spe- 
cies ;  by  H.  Allbyne  Nicholson,  Prof.  Nat.  History,  Univ.  St. 
Andrews.  338  pp.  8vo,  with  16  plates.  Edinburgh  and  London. 
1879.  (William  Blackwood  &  Sons.)— Professor  Nicholson  has 
had  opportunities  in  America  as  well  as  in  bis  own  land  for  the 
study  of  fossil  corals,  and  has  devoted  much  of  bis  time  for  several 
years  to  the  subject.  The  present  work  is  the  fruit  of  a  large 
amount  of  careful  study  with  the  aid  of  microscopic  sections,  and 
many  interesting  results  are  brought  out,  as  is  exhibited  on  the 
several  lithographic  plates.  On  account  of  the  abundance  in  this 
country  of  the  corals  treated  of,  the  critical  character  of  the  work, 
and  the  comparisons  made  of  American  and  European  species  or 
varieties,  the  work  has  special  interest  for  both  hemispheres.  He 
states,  as  the  general  result  of  his  investigations,  that  his  labors 
corroborate  the  views  of  Verrill  and  LandstrOm  as  to  the  necessity 
of  abolishing  the  **Tabulata"  as  a  separate  division,  and  lead  to 
the  conclusion  that  under  this  old  name  there  are  included  at  least 
twelve  distinct  groups  of  corals. 

8.  The  Jourrwl  of  the  CincinnaH  Society  of  Natural  History^ 
vol.  ii.  No.  1,  April,  1879. — Contains:  Remarks  on  the  genus 
PoterocrinuSy  by  A.  G.  Wbtherbt;  Descriptions  of  new  species 
of  fossils  from  the  Lower  Silurian  about  Cincinnati,  by  E.  O. 
Ulbich  ;  RemaHcs  on  the  Kaskaskia  Group  and  descriptions  of 
new  species  of  fossils  from  Pulaski  Co.,  Ky.,  by  S.  A.  Miller  ; 
Catalogue  of  plants  growing  in  the  vicinity  of  Cincinnati,  by  J. 
F.  Jambs.  It  is  illustrated  by  two  Plates,  7  and  8;  and  the  first 
species  illustrated  on  plate  7  is  the  remarkable  Crustacean,  J5Wo- 
ploura  bcdanoides,  named  by  Meek,  but  first  rightly  understood 
and  described  by  Mr.  Wetherby.  The  price  of  the  number  is 
only  60  cents;  of  the  volume  $2.00. 

9.  On  the  Old  Red  Sandstone  of  Western  EuropCy  by  Archi- 
bald Gbikie,  F.R.S.,  Director  of  H.  M.  Geological  Survey  of 
Scotland,  etc.  Part  I,  108  pp.  4to.  Prom  vol.  xxviii.  Trans.  Koy. 
Soc.  Edinb.,  1878. — This  memoir  contains  a  general  review  of  the 
facts  connected  with  the  ''  Old  Red  Sandstone,"  largely  from  per- 
sonal investigations  by  the  author,  and  a  discussion  of  the  changes 
in  the  physical  geography  of  Western  Europe  which  took  place 
between  the  close  of  the  Upper  Silurian  and  the  commencement  of 
the  Carboniferous  period.     It  is  illustrated  by  maps  and  sections. 

10.  Outlines  of  Meld  Geology,  by  Archibald  Gbiktb.  2 1 6  pp. 
12mo.  London,  1879.  (Macmillan  &  Co.) — ^This  volume  is  intended 
for  the  guidance  of  the  learner  in  field  geology,  and  will  be  found 
a  convenient  manual  Professor  Geikie*s  own  labors  in  the  field 
enable  him  to  give  instruction  of  much  value  on  all  points  connected 
with  the  subject.    Some  will  wish  that  it  were  more  extended. 

11.  Reports  and  Awards,  Group  J,  International  Exhibition, 
1876,  edited  by  Francis  A.  Walker,  Chief  of  the  Bureau  of 
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Awards.  486  pp.  8vo.  Philadelphia,  1878.  (J.  B.  Lippincott  & 
Co.). — Group  I  was  that  including  ores  and  mineral  ])rodact8, 
building  stones,  marbles  and  other  useful  and  ornamental  stones ; 
also  implements  and  machinery  used  in  connection  with  the  same, 
and  various  statistics  relating  to  them.  The  volume  contains 
reports  by  J.  S.  Newberry,  W.  S.  Keyes,  J.  Lowthian  Bell,  T. 
Sterry  Hunt,  Frederick  Prime,  Jr.,  A.  L.  Holley,  J.  M.  SaflEbrd, 
John  Fritz,  M.  Addy,  G.  C.  Broadhead,  E.  Althaus,  L.  Sin^onin 
and  others ;  and  in  them  there  is  a  large  amount  of  valuable  infor- 
mation. 

12.  Mimoire  eur  la  Structure  et  la  composition  Miniraloaigue 
dii  Coticule^  par  A.  Rbnard,  S.  J.,  Conservateur  au  Mus^e  Koyal 
d'Histoire  Naturelle  de  Belgiqua  44  pp.  4to.  Brussels,  1877. 
(M^m.  Cour.  Acad.  Roy.  Sci,  6elgique,  vol.  xli) — ^The  author  of 
this  memoir  proves  by  his  investigations,  that  the  fine  yellowish 
whetstone,  making  the  best  of  hones  for  razors,  which  is  quarried 
at  Salm-CMteau,  Liemeux,  Sart,  Bihain  and  Recht,  in  Belgium, 
consists  of  massive  manganesian  garnet.  It  occurs  in  beds  four  to 
forty  inches  thick,  in  a  slate,  as  a  part  of  the  slate  formation. 
The  characters  of  the  beds  are  descnbed  in  detail  in  the  memoir. 
The  composition  of  the  whetstone  of  Recht,  according  to  Dr.  von 
der  Mark  (1)  and  M.  Pufal  (2),  is  as  follows: 

SiO,  TiOa  ^0,  FeO,  FeO   MnO  MgO  CaO  Na,0  K^O 

1.  48-73    tr.    19-38  242 21*71 0*28  1-67  3-51  loss  2-40,  Ptr=99-88 

2.  46-52  117  23-64  1-06  071  17-54  113   080   0*30  2*69   HjO  328,  00,  0*04, 

PaO»  0-16,  S  0-18,  organic  matter  002=99-13 

The  slate,  which  is  feebly  metamorphic,  is  a  damourite  slate  or 
schist ;  and  the  potash  of  the  analyses  is  attributed  to  the  presence 
of  this  mica  in  the  whetstone.  In  microscopic  sections  the  reek 
appears  to  consist  of  very  minute  granules — more  than  100,000  in 
a  millimeter-cube,  and  they  show  sometimes  the  form  of  the  rhom- 
bohedron.  In  view  of  the  form  and  the  composition  the  conclu- 
sion is  reached  that  the  whetstone  is  a  compact  manganesian 
garnet  or  spessartine.  This  is  sustained  also  by  the  specific  grav- 
ity, which  is  8*22,  according  to  M.  Pufal. 

The  occurrence  of  garnet  m  the  "  phyllade  oligistif&re"  of  Recht, 
an  associated  rock,  was  previously  recognized  by  Zirkel. 

M.  Renard  examined  whetstones  of  otner  localities  without  find- 
ing a  similar  constitution ;  among  them,  the  whetstone  of  Arkan- 
sas, which  proved  to  be  wholly  quartzose,  as  had  been  shown  by  the 
analysis  of  Owen.  The  memoir  is  illustrated  by  a  colored  plate 
of  microscopic  sections. 

13.  Report  on  the  Minerals  of  some  of  ths  Apatite-bearing 
Veins  of  Ottawa  County^  Quebec^  with  not^  on  miscellaneous 
Rocks  and  Minerals  (1878) ;  by  B.  J.  Harrington,  Ph.D.  52 
pp.  8vo.  Montreal,  1879.  (Geol.  Survey  of  Canada). — Dr.  Har- 
rington describes  the  apatite  deposits  of  Ottawa  County  as 
occurring  most  commonly  in  connection  with  rocks,  which  con- 
sist almost  exclusively  of  pyroxene,  though  quartz  and  orthoclase 
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are  often  present,  as  also  mica  and  minute  garnets.  When  the 
pyroxene  is  the  principal  mineral  the  rock  shows  little  trace 
of  bedding,  but  is  often  much  jointed  and  sometimes  has  the 
appearance  of  massive  eruptive  rock.  Other  rocks  of  the  same 
pnosphate  region  are  gneisses,  quartzites,  and  crystalline  lime- 
stones. The  apatite  occurs  in  many  cases  in  connection  with 
pyroxene  in  what  are  regarded  as  true  fissure  veins.  These  veins 
have  sometimes  a  banded  structure,  but  in  general  are  characterized 
by  a  want  of  regularity  ;  the  apatite  crystals  often  show  proof  of 
having  been  broken  and  re-cemented..  At  some  localities  the 
apatite  is  chiefly  in  crystals,  often  of  great  size,  "  a  foot  or  more 
in  diameter  and  several  feet  in  length,  and  weighing  hundreds  of 

{)0unds."  The  edges  of  the  crystals  are  often  rounded.  At  other 
ocalities,  on  the  other  hand,  it  is  almost  wholly  massive,  varying 
from  compact  or  crypto-crystallihe  to  coarse-granular;  a  friable 
saccharoidal  variety  is  common.  One  mass  of  a  sea-green  variety 
is  described  which  "  as  exposed  measured  nearly  twenty  feet  across, 
and  in  the  whole  thickness  was  apparently  free  from  other  min- 
erals with  the  exception  of  a  few  crystals  of  pyroxene  and  mica." 
The  color  of  the  mmeral  varies  through  many  shades  of  green  to 
sky-blue,  red,  brown,  yellow  and  white.  The  specific  gravity  of 
a  dark-green  glassy  crystal  from  the  Grant  Mine  in  Buckingham 
was  found  to  be  8*2115. 

A  list  of  thirty  species  occurring  in  the  apatite-veins  is  given, 
some  of  the  most  important  of  which  are :  calcite,  quartz,  pyroxene, 
hornblende,  phlogopite,  garnet,  black  tourmaline,  titanite,  zircon, 
orthoclase,  scapolite.  Of  the  associated  minerals  the  most  abundant 
is  pyroxene,  the  commonest  variety  being  an  aluminous  sahlite,  but 
a  light-colored  variety  is  also  common.  An  analysis  of  a  blackish- 
green  crystal  afforded : — 

SiOs     AUOs    Fe^Os    FeO     MnO      OaO       MgO      ign. 
G.=3-386      61-28      282       1-32      916      0*33      23*34      1161      017=10003 

Other  varieties  also  occur,  sometimes  in  crystals  of  large  dimensions. 
The  pyroxene  is  often  partially  or  wholly  altered  to  nralite.  The 
change  appears  to  have  begun  at  the  surface  of  the  crystal  and 
gradually  extended  inward;  at  the  surface  the  hornblende  prisms 
are  mostly  parallel  to  the  vertical  axis,  within  they  run  in  all  direc- 
tions and  are  sometimes  in  radiating  groups.  One  crystal  had  a 
center  of  glassy  pyroxene  (A),  surrounded  by  a  dull  pale  material 
(B),  and  this  by  an  aggregation  of  hornblende  (uralite)  prisms  (C). 
Analyses  of  these  three  portions  afforded : — 
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016 
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16-37 

0-60 
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1-44= 

=100-49 

B. 
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4-82 

1-74 
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0-16 

24-39 

15-27 

016 

0-08 

1-20= 

=  10006 

C. 

62-82 

3-21 

2-07 

2-71 

0  28 

15-39 

1904 

0-69 

0-90 

2-40= 

:  99-51 

The  spe< 

3ific    £ 

^ravitj 

J  was 

for  A=3-181,  for  B: 

=3-205,  and  for 

0=3 '003.     The  change  in  composition  from  A  to  0  is  seen  to 
consist  principally  in  the  loss  of  lime  and  gain  in  magnesia,  though 
there  is  also  a  loss  of  alumina  and  slight  gain  in  alkalies. 
Dr.  Harrrington  also  discusses  the  relations  of  the  phosphate 
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region  of  Ottawa  County  to  the  Apatite-bearing  veins  of  Norway 
described  by  Brdgger  and  Reusch  (ZS.  G.  Ges.,  xxTii,  646,  1875). 
There  is  a  general  similarity  in  the  associated  minerals  and  in 
other  respects,  but  the  apatite  in  Norway  is  described  as  occurriDg 
in  an  eruptive  rock  (gaboro),  the  crystals  having  been  rounded  by 
partial  fusion.  The  latter  part  of  Dr.  Harrington*s  Report  con- 
tains descriptions  and  analyses  of  a  manganiferous  calcite,  of 
chrysolite,  of  some  diorites  near  Montreal,  and  other  points  of 
interest  b.  s.  d. 

14.  Die  Paeudomorphoaen  dee  Miner aJ/reichej  vierter  Nachtrag 
von  Dr.  J.  Rbinhabd  Blum.  212  pp.  8vo.  1879.  Heidelberg. 
(Carl  Winter). — Sixteen  years  have  passed  since  the  preceding 
appendix  (the  third)  to  his  important  work  on  the  Mineral  Pseu- 
domorphs  was  published  by  Professor  Blum.  The  many  friends 
of  the  veteran  author  will  rejoice  that  his  life  and  strength  have 
been  spared  so  long,  and  that  he  has  been  able  to  add  another 
important  contribution  to  a  branch  of  mineralogical  science 
which  owes  its  distinct  existence  to  his  labors.  The  genend 
recognition  of  interest  attached  to  the  studv  of  the  changes  in 
the  chemical  composition  of  minerals  is  shown  by  the  lar^e  number 
of  published  researches  which  have  had  this  as  their  subject ;  the 
number  of  pseudomorphs  described  in  the  original  work  (1843) 
was  164,  and  this  has  since  been  increased  to  436.  The  present 
volume  contains  all  the  cases  which  have  been  described  since 
the  appearance  of  the  last  appendix.  The  200  pages  devoted  to 
them  18  a  proof  of  their  number  and  the  care  with  which  the 
author  discusses  them.  s.  s.  d. 

in.  Botany  and  Zoology. 

1.  Electrical  Currents  in  Plants, — In  a  notice  of  the  action  of 
Dionoea  and  other  irritable  plants,  published  soon  after  the 
popular  exhibition  of  the  electrical  phenomena  attending  the 
movement,  said  to  be  similar  to  those  attending  the  contraction  of 
a  muscle,  we  threw  out  the  suggestion  that  these  remarkable  phe- 
nomena were  not  unlikely  to  be  explained  away.  The  suggestion 
was  founded  on  some  investigations  and  trials  made  in  the  botan- 
ical laboratory  of  Harvard  TJniversity  by  Professors  Good  ale  and 
Trowbridge,  which  were  never  published,  there  beine  an  intention 
to  follow  them  up  later.  It  appears  that  Kunkel  has  taken  up 
this  investigation  and  reached  the  same  result,  in  the  laboratory 
at  Wtlrzburg.  His  paper,*  as  abstracted  by  Micheli  in  Arch. 
Sci.  Phvs.  and  Nat  for  Sept.,  1879,  announces  that  he  does  noc 
admit  the  existence  of  any  electrical  tension  in  the  intact  tissues 
of  the  plants  in  question,  but  he  concludes  that  the  currents  de- 
veloped upon  spontaneous  movement,  and  similarly  upon  artificial 
curvature,  are  due  to  movements  of  the  liquid  in  the  cells  caused 
by  mere  contact  with  the  electrodes,  or  by  either  active  or  passive 
movements  of  the  organs.  a.  g. 

*  Ueber  electromotorische  Wirkungen  aa  unverletzen  lebeoden  PflAnrtheQea. 
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2.  AdnotcUiones  de  SpiroBaceia^  auot.  C.  J.  Maximowicz.  (Seor- 
sim  impresBSB  ex  Actis  Horti  Petropolitani,  torn.  vL)  Petropoli, 
1879,  pp.  i-xii,  and  106-261,  8vo. — ^This  is  one  of  the  most  consid- 
erable botanical  papers  of  the  tima  It  will  rec^uire  to  be  carefally 
weighed  before  its  conclusions  are  either  rejected  or  adopted. 
Dr.  Maximowicz  separates  the  Pomctcew  from  the  Bosacece  (these 
including  the  Amygdalem  or  Frunem)^  and,  reducing  the  value  of 
adhesion  of  calyx-tube  with  the  gynoBcium  (to  which  we  cannot 
in  principle  object),  refers  his  ISpiroeaceoe  to  the  order  JPomaeem^ 
and  diviaes  the  order  into  two  families,  FomaceoB  proper,  with  a 
succulent-fleshy  calyx-tube  which  is  usually  connate  with  the 
carpels,  and  tSpirceaceoe  with  an  herbaceous  calyx-tube,  free  from 
the  dehiscent  carpels.  The  order  thus  constituted  is  regarded  as 
intermediate  between  Bosaeece  and  Saxifragaceos.  The  Linnsaan 
iSpirceay  which  must  be  allowed  to  be  composite  and  which  inclu- 
ded four  Toumefortian  genera,  is  distributed  among  the  tribes  of 
the  first  two  orders. 

The  JSjpirceacecB  are  divided  into  several  tribes:  the  Spirceem^ 
with  carpels  when  isomerons  with  the  sepals  alternate  with  them, 
containing  AruneuSy  Eriogynia  (preferred  to  Lutkea,  though  pos- 
sibly, and  we  suppose  without  much  doubt,  not  quite  so  old), 
Spirma  (of  the  sections  Fetrophytum^  Chamoedryony  and  Spiraria)^ 
and  Sibircea  (i<,  Icevigata  L.) ;  these  have  little  or  no  albumen  and 
thin  coat  to  tne  seed :  ^eilliecB,  differing  in  having  a  smooth  and 
stony  seed-coat  and  very  distinct  albumen  (Fhysocarpus^  Neil- 
ha^  Stephanandra^  under  which  arrangement  the  separation  of  the 
first  two  seems  most  proper) :  GilleniecBy  with  the  carpels  opposite 
the  sepals  when  of  the  same  number,  otherwise  nearly  with  the 
characters  of  the  preceding;  this  includes  Sorbaria  (Lindley's 
SchizonotuaV  Chamcebatiaria  (horrid  name  for  a  genus,  taken  from 
the  sectional  name  given  by  Professor  Porter  to  Spircea  MiHefo- 
Hum  Torn),  SpircBanthttSy  of  a  single  Siberian  species,  and  GiUenia; 
finally  the  QiiiUaieoBy  with  winged  seeds,  the  first  genus  of  which 
is  Exochorda.  To  RosacecBj  as  here  limited,  Maximowicz  refers 
Mlipendula  (including  iSpiroea  JUipendukty  Ulmaria  lobata,  and 
the  like),  excluded  from  the  Spirceece  and  included  in  the  JSangui- 
aorbem  on  account  of  their  indehiscent  and  one-seeded  (biovulate) 
carpels';  and  Holodiscus  of  Koch  (composed  of  JSpircea  discolor 
and  the  Andine  JS.  argentea)^  which  is  referred  to  the  FotentillecBy 
along  with  Cercoca/rpuSy  Covoaniay  and  FaUugiay  with  the  remark 
that  its  biovulate  achenia  ally  it  to  the  Hubece.  Of  Rubua  it  is 
said  that  the  seeds  are  distinctly  albuminous;  and  Kerriay 
Neviusiay  and  Rhodotypua  are  placed  among  the  Rubece.    a.  g. 

3.  BoissiBR,  F^ora  OrientcUiSy  vol.  iv,  pp.  1276,  8vo. — This  Ori- 
ental Flora,  as  is  well  known,  covers  the  ground  from  Greece  to 
Egvpt,  and  to  the  boundaries  of  India  and  of  Asiatic  Russia. 
This  fourth  volume,  completed  early  in  1879  by  the  publication  of 
the  second  fasciculus  (of  almost  a  thousand  pages),  contains  the 
CoroUiflorcB  and  the  MonochlamydeaSy  in  other  terms  the  Oamo- 
petalous  and  Apetalous  Exogens.    We  may  therefore  expect  that 
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the  indefatigable  author  will  ere  long  complete  this  laborious  and 
noble  work.  These  fifteen  or  twenty  years  will  then  be  distin- 
guished by  the  production  of  the  Flora  AuetralienHs  and  the  Flora 
Orientalis.  Would  that  the  Flora  of  North  America  were  added 
to  the  number.  a.  g. 

4.  Sutta  Diffueione  dei  Ziquide  Colorati  net  Fiori  ;  by  P^ro- 
fessor  P.  A.  SagcabdO. — ^The  writer  gives  an  account  of  bis  exper- 
iments in  immersing  cuttings  of  flowering  plants  in  differ^it 
coloring  fluids,  and  concludes  by  sayins  that  aniline-ereen  is 
especiaUy  favorable  for  staining  not  only  the  vessels  but  the 
parenchyma  of  flowers.  The  paper  is  followed  by  a  sheet  on  which 
actual  specimens  of  stained  petals  serve  as  illustrations,  with  a 
pleasing  effect.  w.  o.  f. 

5.  Neue  Beohachtfungen  ilber  ZeUbildting  und  ZelUheikcngy  by 
Professor  Ed.  Stbasbubqbb. — Nos.  17  and  18  of  the  BotaniBche 
Zeitung  contain  an  important  article  by  Strasburger.  It  had 
generally  been  admitted  by  botanists,  inciudinff  Strasburger  him- 
self^ that  the  endosperm  was  formed  in  the  eniDiTO-sack  oy  free- 
cell  formation.  Strasburger  now  says  that  this  is  not  true,  and 
that  there  is  no  formation  of  free  nuclei  in  the  embryo-sack  ;  he 
having  in  previous  papers  shown  that  the  embryonal  vesicle  and 
antipodes  do  not  arise  by  a  iree-cell  formation.  As  in  the  case  of 
the  two  last  named  structures,  the  endosperm-cells  are  formed  by 
a  division  of  the  nucleus  of  the  embryo-sack.  Myosume  tninimue 
is  especially  adapted  for  the  study  of  the  subject,  owing  to  the 
elongated  receptacle.  Strasburger  also  states  that  in  the  Aacofny- 
cetes  the  spore-formation  is  not  preceded  by  a  dissolving  of  the 
nucleus  of  the  ascus  followed  by  the  formation  of  free  nuclei,  but 
that  the  original  nucleus  divides  to  form  the  nucleus  of  each  spore. 
He  makes  the  sweeping  assertion  that  a  free  formation  of  nuclei 
as  the  initial  stage  of  cell-formation  cannot  be  assumed  (in  plants), 
unless  we  conceive  such  to  be  the  case  in  the  mother  cells  of  the 
spores  in  Anthoceros  and  in  those  of  the  macrospores  of  Iso^tes,  in 
which  cases  observation  is  obscured  by  the  presence  of  granoLar 
accumulations  in  the  cells.  Ue  does  not  deny,  however,  that  free 
nuclei  may  be  formed  in  some  instances,  but  only  that  it  does  not 
accompany  cell-formation.  In  ISpirogyra^  for  instance,  the  spore 
has  at  first  no  nucleus  but  one  is  formed  at  the  time  of  germina- 
tion.    The  same  is  true  of  the  swarm-spores  of  Ulothrix. 

The  last  part  of  the  paper  treats  of  the  different  arrangements 
of  nuclear  plates  and  nuclear  threads,  as  a  comprehensive  distinc- 
tion between  the  division  of  animal  and  vegetable  cells  in  the 
formation  of  what  Strasburger  calls  the  cell-plate  in  plants.  This 
is  dependent  upon  the  presence  of  a  cellulose  membrane  in  plants. 
It  may  be  objected,  however,  that  no  cellulose  membrane  can  be 
detected  in  many  plant-ceils.  w.  g.  p. 

6.  Abnold  Abbobbtum. — Fro/,  Charles  S,  Sargent  is  appointed 
Professor  of  Arboriculture  in  Harvard  University,  along  with  the 
directorship  of  the  Arnold  Arboretum  at  the  Bussey  Institution. 
He  now  devotes  himself  entirely  to  the  arboretum,  resigning  the 
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charge  of  the  Botanic  Garden  at  Cambridge,  which  is  assumed  by 
Professor  Goodale. 

7.  Prof.  J.  G.  Agabdh  has  resigned  the  chair  of  Botany  at  the 
University  of  Land.  Dr.  F,  W.  O.  Areschoug  has  been  appointed 
his  successor. 

8.  P.  VAN  TiBGHBM  IS  appointed  Professor  of  Vegetable  Anatomy 
and  Physiology  at  the  «fardin  des  Plants,  Pans,  in  the  chair 
vacated  by  the  death  of  Brongniart  some  years  ago. 

9.  Dr.  Odoabdo  Beccari  succeeds  to  the  late  Prof.  Parlatore 
as  Professor  of  Botany  and  Director  of  the  Gardens  at  Florence. 

10.  Die  iSpangien  des  Meerbuseti  von  Mexico^  von  Oscar 
Schmidt.  4to,  1st  Heft,  with  four  plates.  Jena,  1879* — This 
memoir  relates  to  spouses  collected  hj  the  dredging  expedition  of 
the  steamer  Blake,  under  the  supervision  of  Alexander  Agassiz. 
The  excellent  plates  illustrate  the  forms  and  spicula  of  many 
species. 

IV.  Miscellaneous  Scibntipio  Intelligenob. 

1.  Catalogue  of  Scientific  SerialSy  from  1638  to  1876,  by 
Samuel  H.  Scudobb.  858  pp.  8vo.  Cambridge,  Library  of 
Harvard  University,  1879. — This  cataloeue  embraces  the  Transac- 
tions and  Bulletins  or  Proceedings  of  Learned  Societies  in  the 
Natural,  Physical  and  Mathematical  sciences  of  all  countries,  as 
well  as  independent  journals.  It  has  been  prepared,  under  the 
auspices  of  the  Harvard  College  Library,  by  Mr.  Scudder,  assistant 
Librarian;  and  it  is  a  result  of  a  vast  amount  of  labor  and  great 
care.  All  persons  interested  in  the  progress  of  science  will  find  it 
an  invaluable  companion.  The  titles  are  arranged  alphabetically 
under  the  heads  of^each  of  the  States  or  Countries  from  which  they 
were  issued,  and,  in  addition,  there  are  Indexes  of  titles  and  of 
places  of  publication.  Harvard  Library  has  met  the  expense  of 
publication,  with  the  expectation  that  the  demand  for  the  volume 
will  refund  the  outlay,  and  with  the  promise  that  if  so  far  remun- 
erated, this  shall  be  the  beginning  of  a  series  of  '^  works  such  as 
may  be  properly  undertaken  by  a  public  Library,  and  do  not  oflTer 
inducement  for  commercial  speculation ; "  and  it  will  be  greatly 
for  the  benefit  of  learning  in  tne  land,  that  in  this  there  should  be 
no  disappointment. 

2.  A  Sketch  of  Dickinson  CoUege^  Carlisle,  Pennsylvania ;  by 
Chablbs  F.  HncBS,  Ph.D.,  Professor  of  Natural  Science.  166  pp. 
12mo,  illustrated  by  engravings,  and  by  photographs  executed  in 
the  Laboratory,  rfarrisburg,  1870. — 2^he  History  of  Dickinson 
College^  has  a  general  interest  because  of  the  connection  with  its 
scientific  department,  the  second  year  after  its  establishment,  in 
1811,  of  Thomas  Cooper,  the  friend,  and  companion  over  the  sea, 
of  Priestley — a  man  of  wide  range  of  learning,  of  great  chemical 
knowledge  for  his  time,  and  of  strong  opinions  on  all  subjects. 
Prof.  Himes's  "  Sketch,"  contains,  among  its  photographic  plates, 
one  with  figures  of  the  air-gun  and  burning  glass  which,  along 
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with  a  telescope.  Dr.  Cooper  purchased  of  Priestley  for  the  college, 
by  authority  of  its  Board  ot  Trustees,  and  which  are  now  among 
its  physical  apparatus.  It  appears  further  from  the  sketch  that  it 
was  while  in  tnis  position  that  Dr.  Cooper  revived  the  ^^  Emporium 
of  Alts  and  Sciences,"  one  of  the  earliest  of  American  Scientific 
Journals,  and  gave  it  '^a  high  scientific  character,'*  and  issued 
also  an  edition  of  Accum's  Chemistry  in  two  volumes.  Thus  the 
scientific  department  of  Dickinson  was  one  of  the  earliest  estab- 
lished in  the  country,  and  behind  no  other  in  the  learning  and 
ability  of  its  chief  instructor.  The  Journal,  a  bi-monthly  of  150 
pages,  came  to  an  end  in  1814 — the  long  delay  of  the  final  yoI- 
ume  being  explained  by  the  fact  of  '^  the  printers  serving  their 
country  as  volunteers.''  Dr.  Cooper  left  his  chair  in  1815,  luad 
became  afterward  President  of  South  Carolina  College.  Prof 
Baird,  a  graduate  of  Dickinson  College,  now  Secretary  of  tiie 
Smithsonian  Institution,  was  made  its  Professor  of  Natural  History 
in  1848,  and  held  the  office  until  1850,  when  his  connection  with 
the  Smithsonian  Institution  began  under  Professor  Henry. 

8.  Ephemeria  of  the  SateUUea  of  Mars  for  October  o^vd  Noiaem- 
bcTy  1879. — The  ephemeris  on  pages  317,  318  of  this  volume,  was 
prepared  for  the  Journal  by  Henry  S.  Pritchett,  Assistant  Astron- 
omer in  the  United  States  Naval  Observatory  at  Washington. 

4.  Scientific  ZecCures;  by  Sir  John  Lubbock,  Bart.,  Vice  Pres- 
ident of  the  Royal  Society,  eta  188  pp.  8vo.  London,  1879. 
(Macmilian  &  Co.). — This  volume  contains  six  lectures  by  Sir 
John  Lubbock :  on  Flowers  and  Insects,  on  Plants  and  Insects,  on 
the  Habits  of  Ants,  Introduction  to  the  Study  of  Prehistoric 
ArchsBology,  and  an  Address  to  the  Wiltshire  Archaeological  and 
Natural  History  Society.  They  are  in  part  the  result  of  original 
research ;  and  although,  as  the  Preface  says,  *'  the  little  book  does 
not  contain  anything  new  to  those  who  have  specially  stadied  the 
parts  of  science  with  which  it  deals,"  many  of  the  facts  are 
among  the  most  remarkable  in  science,  and  make  instractive  and 
attractive  reading  for  all  inquiring  minds.  Further,  they  are  well 
calculated  to  cultivate  an  inquiring  spirit  in  the  mind  of  those 
who  have  thought  themselves  indifferent  to  the  study  of  nature. 

5.  /Shell  Mounds  of  Omoriy  by  Edwakd  S.  Moksb,  Prof.  ZooL 
Univ.  Tokio,  Japan.  Mem.  Univ.  Tokio,  voL  i,  part  1,  1879.  86 
pp.  large  8vo,  with  18  plates. — Professor  Morse  gives  evidence 
that  the  mound-builders  were  cannibals  either  from  an  emergency 
or  by  preference.  The  implements  obtained  are  made  of  stone, 
horn,  bone  and  pottery,  but  there  are  no  arrow-heads  or  spear- 
points  of  flint  or  other  material,  and  few  of  the  relics  are  of  stone. 

Report  of  Work  of  the  Agricultural  Experiment  Station,  Middletown,  Ocnm., 
1877-8.     174  pp.  8vo.     Hartford,  1879. 
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Art.  L. — On  Photographing  the  Spectra  of  the  Stars  and  Planets  ; 
by  Henry  Draper,  M.D. 

[Read  before  the  National  Aoademj  of  Sdencee,  Oct  28th,  18*79.] 

For  many  years  it  has  seemed  probable  that  great  interest 
would  be  attached  to  photographs  of  the  spectra  of  the  heav- 
enly bodies,  because  they  offer  to  us  conditions  of  temperature 
and  pressure  that  cannot  be  attained  by  any  means  known  at 
present,  on  the  earth.  The  especial  point  of  interest  is  con- 
nected with  considerations  regarding  the  probable  non-element- 
ary nature  of  the  so-called  elementary  bodiea  There  has  long 
been  a  suspicion  in  the  minds  of  scientific  men  that  one  or 
more  truly  elementary  bodies  would  be  found  from  which  those 
substances  which  have  not  as  yet  been  decomposed,  are  formed. 
The  recent  publications  of  Lockyer  have  attracted  particular 
attention  to  this  topic. 

The  most  promising  laboratory  processes  for  accomplishing 
the  dissociation  of  our  present  elements  depend  upon  the  action 
of  heat,  especially  when  accompanied  by  electrical  influences, 
and  upon  relief  of  pressure.  But  the  temperature  we  can 
employ  is  far  below  that  found  in  the  stars,  which  is  compara- 
ble only  with  the  heat  of  our  Sun,  and  when  in  addition  the 
application  of  heat  is  restricted  by  the  narrow  range  of  circum- 
stances under  which  we  can  also  reduce  the  pressure,  complete 
success  seems  to  be  impracticable  in  the  laboratory. 

But  in  the  stars,  nebulae  and  comets  there  is  a  multitude  of 
experiments  all  ready  performed  for  us  with  a  variety  of  con- 
ditions of  just  the  kind  we  need.     It  remains  for  us  to  observe 
Am.  Jour.  Sol—Thibd  Sbribs,  Vol.  ICVIII,  No.  108.— Dbc.,  1879. 
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and  interpret  these  results,  and  this  is  the  direction  I  have 
sought  to  pursue. 

There  is  but  one  mode  of  investigation  that  can  add  materi- 
ally to  the  knowledge  Astronomy  has  given  us  of  the  heavenly 
bodies ;  that  is  the  spectroscopic.  This  in  its  turn  is  capable 
of  a  subdivision  into  two  methods,  one  by  the  eye,  the  other 
by  photography.  Each  of  these  has  its  special  advantages  and 
each  its  defects.  The  eye  sees  most  easily  the  middle  regions 
of  the  spectrum,  and  can  appreciate  exceedingly  faint  spectra ; 
by  the  aid  of  micrometers  it  can  map  with  precision  the  posi- 
tion of  the  Fraunhofer  lines,  and  by  estimation  it  can  with  tol- 
erable accuracy  approximate  to  the  relative  strength,  breadth 
and  character  of  these  lines.  The  character  of  the  spectrum 
lines  is  however  of  great  value  for  the  purposes  we  are  now 
speaking  of,  and  the  greatest  precision  is  needed.  Photogra- 
phy, on  the  other  hand,  as  applied  to  faint  spectra,  deals 
mainly  with  the  more  refrangible  region,  and  cannot  at  present 
be  employed  in  stellar  work  below  the  line  F.  Fortunately 
there  is  no  break  in  the  spectrum  between  the  place  where  the 
eye  leaves  off  and  photography  begins,  and  hence  the  two 
methods  lend  one  another  mutual  assistance.  The  photograph 
when  suitably  accommodated  with  a  standard  reference  spec- 
trum from  some  known  source,  gives  valuable  indications  as  to 
the  positions  and  all  the  peculiarities  of  the  lines. 

But  the  application  of  photography  to  the  taking  of  stellar 
spectra  is  surrounded  by  obstacles.  These  are  partly  due  to 
the  small  quantity  of  light  to  be  dealt  with,  and  partly  to  the 
fact  that  it  is  necessary  to  overcome  the  motion  of  the  earth 
and  other  causes,  such  as  atmospheric  refraction,  which  seem 
to  make  a  star  change  its  place  continually.  The  exposures  of 
the  sensitive  plate  require  to  be  sometimes  for  two  hours,  even 
with  a  large  telescope,  and  if  during  that  time  the  image  of  the 
star  at  the  focus  of  the  telescope  has  changed  place  -5^  ^f  *^ 
inch  the  light  no  longer  falls  on  the  slit  of  trie  spectroscope. 
The  changes  of  the  earth's  atmosphere  in  regara  to  photo- 
graphic transparency  as  well  as  by  fog  also  offer  impediments, 
and  promote  the  chances  of  failura  There  is  often  a  yellow 
condition  of  the  air,  which  may  increase  the  length  of  expos- 
ure required  forty  times  or  more. 

It  will,  from  what  has  been  said  above,  be  readily  perceived 
that  a  research  such  as  this  consumes  a  great  deal  01  time,  in 
fact  these  experiments  and  the  preparations  for  them  have 
extended  over  more  than  twelve  years.  A  large  telescope  is 
required,  and  for  many  reasons  the  reflector  at  first  seems  most 
suitabla  Recently,  however,  I  have  found  that  the  refractor 
has  also  some  special  advantages. 

In  1866  I  had  already  constructed  a  silvered  glass  reflector 
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of  15J  inches  aperture,  which  was  commenced  in  1858,  and 
had  taken  with  it  many  hundreds  of  photographs  of  the  Moon. 
But  as  the  mounting  had  been  contrived  for  lunar  photography 
and  to  avoid  the  Moon's  motion  in  declination,  the  instrument 
was  not  suitable  for  the  spectroscopic  work  contemplated.  A 
reflector  of  twenty-eight  inches  aperture  was  therefore  com- 
menced in  1866,  and  in  1871  it  was  ready  for  usa 

On  May  29th,  1872,  my  first  photograph  of  the  spectrum  of 
a  star  was  taken,  the  spectrum  of  Vega  being  photographed  by 
the  aid  of  a  quartz  prism.  At  this  time  I  did  not  happen  to 
know  that  Dr.  Huggins,  who  is  so  distinguished  for  his  thorough 
and  accurate  researches  on  the  visible  portion  of  the  spectra  of 
the  heavenly  bodies,  had  already  made  some  attempts  in  this 
direction,  as  is  shown  by  the  following  paragraph  from  the 
Transactions  of  the  Royal  Society  for  1864 :  "  On  the  27th  of 
February,  1868,  and  on  the  8d  of  March  of  the  same  year, 
when  the  spectrum  of  Sirius  was  caused  to  fall  upon  a  sensi- 
tive collodion  surface  an  intense  spectrum  of  the  more  refrangi- 
ble part  was  obtained.  From  want  of  accurate  adjustment  of 
the  I0CU8,  or  from  the  motion  of  the  star  not  being  exactly 
compensated  by  the  clock  movement,  or  from  atmospheric  tre- 
mors, the  spectrum,  though  tolerably  defined  at  the  edges,  pre- 
sented no  indications  of  lines.  Our  other  investigations  have 
hitherto  prevented  us  from  continuing  these  experiments 
farther;  but  we  have  not  abandoned  our  intention  of  pursuing 
them." 

During  August,  1872,  I  took  several  photographs  of  the 
spectrum  of  Vega,  and  these  showed  four  strong  lines  at  the 
more  refrangible  end  of  the  spectrum,  the  least  refrangible 
being  near  G.  On  pursuing  the  subject  and  seeking  to  ascertain 
what  substances  ^ve  rise  to  these  lines,  it  became  obvious 
that  a  photographic  study  of  this  part  of  the  spectrum  for  the 
metals  and  non-metals  was  necessary  to  interpret  the  results. 
This  of  course  opened  out  a  large  field  for  experiment,  requir- 
ing many  years  for  its  study,  and  hence,  as  several  physicists 
were  engaging  in  the  study  of  the  spectra  of  the  metals,  I 
concluded  to  discontinue  the  experiments  commenced  in  1870 
on  the  spectra  of  the  metals  and  to  confine  the  investigation 
mainly  to  the  non-metals.  The  initial  step  was,  however,  to 
obtain  a  fine  photograph  of  the  normal  solar  spectrum,  so  that 
the  wave  lengths  of  the  lines  up  to  0  [wave  length  8440J 
might  be  determined  with  precision. 

In  the  spring  of  1878  I  published  a  paper  on  the  difiraction 
spectrum  of  the  Sun,  illustrated  by  a  photograph  embracing 
the  region  from  wave  length  4350  near  G  to  8440  near  0,  and 
in  the  fall  of  the  same  year  took  photographs  of  the  spectra 
of  several  non-metals,  notably  nitrogen,  carbon,  and  oxygen. 
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The  experiments  were  interrupted,  in  the  spring  of  1874,  by 
going  to  Washington  to  superintend  the  photographic  prepara- 
tions for  the  United  States  observations  on  the  Transit  of 
Venus. 

Since  that  time  my  experiments  have  been  divided  into  two 
parts,  an  astronomical  portion  occupying  principally  the  sum- 
mer season,  and  a  laboratory  portion  during  the  rest  of  the 
year.  The  former  consisted  of  photographs  and  observations 
on  the  spectra  of  the  stars,  planets  and  sun ;  the  latter  of 

{)hotographic  work  on  the  spectra  of  the  elements  and  partica- 
arly  the  non-metals,  and  has  led  to  the  discovery  of  oxygen 
in  the  sun. 

In  1876,  Dr.  Huggins  published  a  note  in  the  Proceedings 
of  the  Royal  Society,  accompanied  by  a  wood-cut  of  the  spec- 
trum of  Vega,  with  a  comparison  solar  spectrum.  Seven  lines 
were  observed  in  the  spectrum  of  Vega.  In  the  summer  and 
autumn  of  1876  I  made  several  photographs  of  the  spectra  of 
Vega,  a  AquilsB  and  Venus,  and  sent  a  note  concerning  them 
to  this  Journal. 

Since  that  time  Dr.  Huggins  has  pursued  the  subject  actively 
in  spite  of  the  London  atmosphere,  and  has  attained  very  fine 
results,  which  I  had  the  pleasure  of  seeing  at  his  observatory 
last  spring.  These  he  is  preparing  to  publish  shortly.  In  my 
observatory  photographs  nave  been  taken  of  the  spectrum  of 
Vega,  Arcturus,  Capella,  a  Aquilse,  Jupiter,  Mars,  Venus,  the 
Moon,  etc.  Recently  the  plan  has  been  to  have  a  comparison 
solar  spectrum  on  every  plate,  derived  either  from  the  aiffused 
light  of  our  atmosphere  or  from  the  Moon  or  from  Jupiter.  In 
this  way  no  difficulty  in  determining  the  wave  lengths  of  the 
lines  is  encountered,  and  the  changes  produced  by  our  atmo- 
sphere are  eliminated.  The  telescope  and  spectroscope  are 
now  in  good  working  order,  but  to  secure  the  requisite  degree 
of  precision  of  movement  it  has  been  necessary  to  make  seven 
different  driving  clocks  before  a  satisfactory  one  was  attaincNd, 

It  has  been  remarked  that  on  account  of  the  faintness  of  the 
light  of  stellar  spectra,  prolonged  exposures  of  the  sensitive 
plate  are  required.  In  former  times  when  the  dry  processes 
of  photography  were  much  less  sensitive  than  the  nest  wet 
plates,  the  exposure  was  limited  by  the  length  of  time  the 
plate  could  be  left  in  the  camera  without  being  stained  by 
drying.  But  now,  since  the  gelati no-bromide  process  has  been 
introduced,  this  obstacle  has  been  removed  and  a  sensitive 
plate  is  sometimes  exposed  two  hours  to  the  spectrum  of  a  star 
and  then  almost  an  hour  to  Jupiter  for  the  comparison  spec- 
trum. The  best,  and  most  sensitive,  gelatine  plates  I  haye 
used  are  those  made  by  Wratten  &  Wainwright  of  London ; 
Dr.  Huggins  was  good  enough  to  call  my  attention  to  them. 
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It  is  not  worth  while  to  describe  the  various  forms  of  spec- 
troscope that  have  been  employed  in  the  last  ten  years,  quartz, 
Iceland  spar,  hollow  prisms  and  flint  glass  have  been  the 
materials,  and  they  have  been  sometimes  direct  vision  and 
sometimes  on  the  usual  angular  plan.  Gratings  on  glass  and 
speculum  metal  given  to  me  by  Mr.  Rutherfurd  have  been 
tried.  The  length  of  spectroscope  has  been  sometimes  twenty- 
eight  feet  and  sometimes  not  as  many  inches. 

The  especial  spectroscope  for  stellar  work  that  is  now  on  the 
telescope  is  intended  to  satisfy  the  folio  wins  conditions :  1st, 
to  get  the  greatest  practicable  dis(>ersion  with  the  least  width 
of  spectrum  that  will  pennit  the  lines  to  be  seen ;  2nd,  to  use 
the  entire  beam  of  hcht  collected  by  the  28-inch  reflector  or 
12-inch  achromatic  without  loss  by  diaphragms ;  8d,  to  permit 
the  slit  to  be  easily  seen  so  that  the  star  may  be  adjusted  on  it ; 
4th,  to  avoid  flexure  or  other  causes  that  mi^ht  change  the 
position  of  the  spectrum  on  the  sensitive  plate  in  pointing  the 
telescope  first  on  one  and  then  on  anotner  object ;  5th,  to 
admit  of  observing  the  spectrum  on  the  sensitive  plate  at  any 
time  during  an  exposure  without  risk  of  shifting  or  disarrange- 
ment The  dispersion  is  produced  by  two  heavy  flint  prisms 
which  are  devoid  of  yellow  color  ;  the  telescopes  are  about  six 
inches  in  focal  length  and  the  slit  has  a  movaole  plate  in  front 
of  it,  enabling  the  operator  to  uncover  either  the  upper  or  the 
lower  portion  at  wilt 

Dunng  the  past  summer  this  spectroscope  has  been  used 
with  the  Clark  refractor  of  12  inches  aperture,  partly  because 
the  28-inch  reflector  has  been  kept  unsilvered  since  it  was  used 
in  taking  photographs  of  the  Transit  of  Mercury,  on  account 
of  its  employment  in  certain  experiments  on  the  Sun.  More- 
over, there  is  an  advantage  possessed  by  the  refractor  for  this 
work  which  does  not  appear  at  first  sight  Naturally  one  sup- 
poses that  a  reflector  wnich  brings  all  the  rays  from  the  star, 
no  matter  what  their  refrangibility,  to  a  focus  in  one  plane, 
would  be  best,  because  when  the  slit  is  put  in  that  plane  it  is 
equally  illuminated  bv  rays  of  all  refrangibilities,  and  the 
spectrum  will  be  parallel-sided  in  its  whole  length.  On  the 
other  hand  a  refractor  is  not  achromatic,  for  the  violet  end  of 
the  spectrum  comes  to  a  focus  either  inside  or  outside  of  the 
plane  of  the  rays  in  the  middle  of  the  spectrum,  and  in  observ- 
ing the  spectrum  it  is  not  parallel-sided.  This  peculiarity  was 
used  by  Mr.  Butherfurd  to  enable  him  to  correct  a  telescope 
lens  for  the  ultra  violet  rays.  It  is  easy  therefore  with  a 
refractor  so  to  adjust  the  position  of  the  slit  that  you  may  have 
a  spectrum,  tolerably  wide  at  F  and  G,  and  which  gradually 
diminishes  in  width  toward  H,  and  finally  becomes  almost 
linear  at  M.    Now  as  the  eflFect  of  atmospheric  absorption  on 
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the  spectrum  increases  as  you  pass  from  G  toward  H  and  above 
H,  by  diminishing  the  wiath  of  the  spectrum  you  can  in  some 
measure  neutralize  the  effect,  and  at  one  exposure  obtain  a 
photograph  of  nearly  uniform  intensity  from  end  to  end, 
though  it  is  of  variable  width.  If  it  were  not  for  this  it  would 
be  necessary  to  have  the  spectrum  over-exposed  at  Gr  in  order 
to  be  visible  above  H,  or  else  to  resort  to  an  elaborate  dia- 
phragming  which  is  diflScult 

It  is  my  intention  next  season  to  return  to  the  use  of  the 
28-inch  reflector,  because  it  collects  nearly  five  times  as  much 
light  as  the  12-inch  does,  after  making  allowance  for  the  sec- 
ondary mirror.  Of  course  in  a  large  reflector  the  difficulties  of 
flexure  and  instability  of  the  optical  axis  are  much  increased, 
and  keeping  a  star  on  the  slit  will  be  troublesome,  especially 
as  the  magnifying  power  on  the  image  is  about  60. 

As  to  the  results  obtained,  it  has  already  been  mentioned 
that  the  spectra  of  several  stars  and  planets  have  been  photo- 
graphed. The  subject  of  planetary  spectra  will  be  reserved  for 
a  future  communication.  A  preliminary  examination  at  once 
shows  that  these  stellar  spectra  are  divisible  into  two  groups  : 
first,  those  closely  resembling  the  solar  spectrum,  and  second, 
those  in  which  there  are  relatively  but  few  lines,  and  these  of 
great  breadth  and  intensity.  The  photographs  of  the  spectra  of 
Arcturus  and  Capella  are  so  similar  to  tne  solar  spectrum,  that 
I  have  not  up  to  the  present  detected  any  material  differencea 
But  on  the  other  hand,  the  spectra  of  Y^a  and  a  Aquilas 
are  totally  different,  and  it  is  not  easy  without  prolonged  study 
and  the  assistance  of  laboratory  experiments  to  interpret  the 
results,  and  even  then  it  will  be  necessary  to  speak  with  diffi- 
dence. I  have  not  as  yet  obtained  any  stellar  spectrum  photo- 
graphs belonging  to  the  third  and  fourth  groups  of  stellar 
spectra  as  described  by  Secchi.  These,  if  obtainable,  will  aid 
materially  in  discussing  the  whole  subject,  but  unless  a  star 
passes  near  the  zenith  it  is  hard  to  make  a  fair  study  of  its 
spectrum  by  photography,  because  atmospheric  absorption  in 
the  ultra  violet  r^on  increases  rapidly  as  the  altitude  decrea- 
ses. In  the  case  of  the  Sun,  I  have  found  that  at  sunset  the 
exposure  necessary  to  photograph  the  spectrum  above  H,  is 
often  200  times  as  long  as  at  midday. 

In  the  case  of  the  spectrum  of  Vega  when  examined  by  the 
eye,  the  lines  C,  F,  near  G  and  A,  are  readily  visible,  but  lines 
such  as  D  and  b  are  relatively  faint  It  is  clear  then,  that  hy- 
drogen exists  to  a  large  extent  in  the  atmosphere  of  that  star. 
But  on  examining  the  photograph  of  its  spectrum  it  is  evident 
that  other  lines  just  as  conspicuous  as  the  hydrogen  lines,  are 
present.  One  of  these  corresponds  in  position  and  character  to 
Hj  and  seems  to  coincide  with  a  calcium  line.    It  appears 
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to  me,  however,  that  the  evidence  of  this  coincidence  is  not 
complete. 

In  attempting  to  reason  from  these  photographs  as  the  matter 
now  stands,  it  is  necessary  to  try  at  every  step  farther  experi- 
ments in  order  to  find  out  whether  the  facts  agree  with  hypoth- 
esis, and  it  is  this  very  condition  of  affairs  that  gives  hopes  of 
results  valuable  in  their  bearing  on  terrestrial  chemistry  and 
physics.  In  the  photographs  of  the  spectrum  of  Vega  there  are 
eleven  lines,  only  two  of  which  are  certainly  accounted  for, 
two  more  may  be  calcium,  the  remaining  seven,  though  bear- 
ing a  most  suspicious  resemblance  to  the  hydrogen  lines  in 
their  general  characters,  are  as  yet  not  identified.  It  would  be 
worth  while  to  subject  hydrogen  to  a  more  intense  incandes- 
cence than  any  yet  attained,  to  see  whether  in  photographs  of 
its  spectrum  under  those  circumstances  any  trace  of  these  lines, 
which  extend  to  wave  length  8700,  could  be  found. 

It  is  to  be  hoped  that  before  long  we  may  be  able  to  investi- 
gate photographically  the  spectra  of  the  gaseous  nebulae,  for  in 
them  the  most  elementary  condition  of  matter  and  the  simplest 
spectra  are  doubtless  found. 


Art.  LI. — Abstract  of  Observations  upon  the  Artificial  Fertiliz- 
ation of  Oyster  Eggs,  and  on  the  Embryology  of  the  American 
Oyster;  by  W.  K.  Brooks,  Associate  in  Biology,  Johns  Hop- 
kins University.  (Notes  from  the  Biological  Laboratory  of 
the  Johns  Hopkins  University). 

All  the  writers  upon  the  development  of  the  oyster,  from 
Home  (Phil.  Trans.,  1827),  to  Mobius  (Austem  und  Austern- 
wirtschaft,  1877),  state  that  the  eggs  are  fertilized  inside  the 
shell  of  the  parent,  and  that  the  young  are  carried  inside  the 
mantle  cavity  until  they  are  provided  with  shells  of  their  own : 
that  they  leave  the  parent  in  a  somewhat  advanced  state  of  devel- 
opment, and  that  their  free-swimming  life  is  of  short  duration 
and  lasts  only  until  they  find  a  suitable  place  to  attach  them- 
selvea 

Misled  by  these  statements,  which  do  not  apply  to  our  spe- 
cies, I  opened  a  number  of  oysters  during  the  summer  of  1878, 
and  examined  the  gills  and  the  contents  of  the  mantle-cham- 
bers for  young,  but  found  none,  and  concluded  that  the  time 
during  which  the  young  are  carried  by  the  parent  must  be  so 
short  that  I  had  missed  it  I  undertook  the  same  investiga- 
tion this  May,  with  the  determination  to  examine  adult  oysters 
for  young  every  day  during  the  breeding  season,  and  at  the 
same  time  to  try  to  raise  young  for  myself  by  the  artificial  fer- 
tilization of  eggs  taken  from  the  ovaries.     I  had  complete  suc- 
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cess  with  the  second  method  from  the  first,  and  succeeded  in 
raising  countless  millions  of  young  oysters,  and  in  tracing  them 
through  all  their  stages  of  development  up  to  the  time  when 
they  nad  acquired  all  the  characteristics  which  Salenaky, 
Lacaze  Duthiers,  Mdbius  and  others  have  figured  and  described 
in  the  young  European  oyster  at  the  time  it  leaves  its  parent. 
I  also  made  careful  examination  of  the  ^iHs  Ai^d  mantleB  of 
more  than  a  thousand  oysters,  but  never  found  a  single  fertil- 
ized egg  or  embryo  inside  the  mantle-cavity  of  an  adalt, 
although  I  found  females  with  the  ovaries  full  of  ripe  eggs, 
others  with  the  ovaries  half  empty,  others  with. them  almost 
entirely  empty,  and  others  at  all  the  intermediate  stages,  and 
I  therefore  feel  sure  that  my  examinations  were  maae  upon 
spawning  oysters. 

While  this  evidence  is  for  only  one  season  and  one  bed,  I 
think  that  until  it  is  shown  to  be  exceptional,  we  must  con- 
clude that  there  is  an  important  difference  in  the  breeding  hab- 
its of  American  and  European  oysters,  and  that  the  e^^  of 
the  American  oyster  are  fertilized  outside  the  body  of  the 
parent;  that  during  the  period  which  the  European  oyster 
passes  inside  the  mantle-cavitv  of  the  parent,  the  young  Ameri- 
can oyster  swims  at  large  in  the  open  ocean. 

The  more  important  points  in  the  development  of  the  oyster 
are : 

1.  The  oyster  is  practically  unisexual,  since  at  the  breed- 
ing season  each  individual  contains  either  eggs  or  spermatozoa 
exclusively. 

2.  Segmentation  takes  place  very  rapidly  and  follows  sub- 
stantially the  course  described  for  other  Lamellibranchs  by 
Lov^n  and  Flemming. 

8.  Segmentation  is  completed  in  about  two  hours,  and  gives 
rise  to  a  gastrula,  with  ectoderm,  endoderm,  digestive  cavity 
and  blastopore,  and  a  circlet  of  cilia  or  velum.  At  this  stage 
of  development  the  embryos  crowd  to  the  surface  of  the  water 
and  form  a  dense  layer  less  than  a  quarter  of  an  inch  thick. 

4.  The  blastopore  closes  up ;  the  endoderm  separates  entirely 
from  the  ectoderm,  and  the  two  valves  of  the  shell  are  formed, 
separate  from  each  other,  at  the  edges  of  the  furrow  formed  by 
the  closure  of  the  blastopore. 

5.  The  digestive  cavity  enlarges,  and  becomes  ciliated,  and 
the  mouth  pushes  in  as  an  invagination  of  the  ectoderm  at  a 
point  directly  opposite  that  which  the  blastopore  had  occupied 
The  anus  makes  its  appearance  close  to  the  mouth. 

6.  The  embryos  scatter  to  various  depths,  and  swim  by  the 
action  of  the  cilia  of  the  velum.  The  shells  grow  down  over 
the  digestive  tract  and  velum,  and  the  embryo  assumes  a  form 
so  similar  to  various  marine  lamellibranch  embryos  which  are 
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captured  by  the  dip  net  at  the  surface  of  the  ocean  that  it  is 
not  possible  to  identify  them  as  oysters  without  tracing  them 
from  the  egg.  The  oldest  ones  which  I  succeeded  in  raising  in 
aquaria  were  almost  exactly  like  the  embryos  of  Cardium, 
figured  by  Lov6n. 

7.  The  ovaries  of  oysters  less  than  IJ  inches  in  length,  and 
probably  not  more  than  one  year  old,  were  fertilized  with 
semen  from  males  of  the  same  size,  and  developed  normally. 

An  illustrated  paper  on  the  embryology  of  the  oyster,  with 
a  detailed  account  of  my  observations,  will  be  published, 
shortly,  in  the  Beport  of  the  Maryland  Fish  Commission  for 
1879. 

Baltimore,  Not.  6,  1879. 


Art.  LIL— Origin  of  the  Loess;  by  G.  C.  Broadhead. 

What  facts  Baron  von  Eichthofen  may  have  observed  in 
Eastern  Asia  tending  to  form  his  opinion  of  the  origin  of 
the  loess  I  have  not  had  the  opportunity  to  examine ;  but 
from  careful  observations  of  the  loess  in  many  places  along 
and  adjacent  to  the  Missouri  and  Mississippi  rivers,  I  cannot 
refer  these  deposits  to  »olian  or  wind-drift  agency.  Professor 
Hilgard,  in  his  article  in  this  Journal  for  August,  conveys  to 
us  some  interesting  and  correct  testimony. 

That  the  loess  is  stratified  in  many  places  1  can  bear  testi- 
mony ;  a  notable  example  may  be  seen  in  the  bluffs  at  St 
Charles,  Mo.,  near  the  railroad  depot,  where  it  shows  finely 
laminated  deposits,  made  up  of  planes  of  diflferently  colored 
clays  and  sands,  the  latter  very  finely  comminuted,  showing 
that  at  this  place  the  sediment  was  deposited  at  diflferent  times 
from  very  quiet  waters.  The  beds  of  sand  also  sometimes 
appear  evidently  as  if  deposited  from  water.  Calcareous  con- 
cretions are  quite  characteristic  of  the  loess.  They  are  gen- 
erally of  roundish  form,  but  often  elongated,  and  can  some- 
times be  traced  for  several  hundred  feet  horizontally,  forming 
beds  from  a  few  inches  to  more  than  a  foot  in  thickness. 
The  concretions  are  either  united  to  each  other  or  often  sepa- 
rated. 

Land  snails  are  occasionally  found.  Some  of  the  sands  are 
ferruginous,  and  pipe-stem  forms  of  iron  sand  are  occasionally 
found,  with  also  hollow  root-like  forms  of  calcareous  matter. 
The  cohesive  strength  of  the  particles  tends  to  preserve  the 
mass  in  a  vertical  position  for  a  long  time,  even  at  sixty  to 
seventy  feet  height  When  not  quite  as  cohesive,  time  will 
wear  off  the  rougher  points,  and  produce  rounded  mammillated 
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hills  covered  with  a  thin  soil,  and  sloping  at  about  an  angle  of 
50** ;  for  example,  the  "  Mamelles  "  below  St  Charles,  and  the 
hills  at  Glasgow  and  St  Joseph.  Our  richest  upland  soils  near 
the  Missouri  river  are  due  to  a  subsoil  of  loess. 

Lastly,  the  seolian  hypothesis  is  untenable  when  referred  to 
the  loess  of  the  valleys,  hillsides,  and  hills  adjacent  to  the 
Missouri  and  Mississippi  rivers;  for,  although  often  of  a  depth 
from  twenty  to  two  hundred  feet,  it  cannot  be  clearly  traced 
far  back  from  these  rivers,  and  I  believe  in  Missouri  not  farther 
than  fifteen  miles  from  them.  It  must  therefore  have  been 
a  sediment  in  the  quiet  waters  when  the  rivers  were  blocked 
up  below  by  ice ;  when  the  barrier  melted  away  a  channel  was 
worn  through  the  silt,  leaving  these  finely  comminuted  clays 
on  the  neighboring  hills  as  we  now  find  them. 

The  waters  of  the  Missouri  river  are  full  of  very  minute 
particles  held  in  suspension.  Its  waters  appear  to  be  whirling 
continually,  the  channel  is  daily  changing,  sands  are  deposited 
on  the  bars,  and  fine  silt  at  quiet  eddies  or  in  the  mouths 
of  the  small  tributaries,  and  the  latter  closely  resembles  the 
loess  of  the  neighboring  hills.  The  most  if  not  all  of  these 
clays  may  have  originated  from  the  Tertiary  and  Cretaceoua 
beos  of  the  Upper  Missouri 


Abt.  Lm. — Observations  on  the  planets  Eersilia  and  Dido;  by 
Professor  C.  H.  F.  Peters.  (From  a  letter  to  the  Editors, 
dated  Litchfield  Observatory  of  Hamilton  College,  Clinton^ 
N.  Y.,  November  8,  1879.) 

In  the  month  of  October,  two  planets  were  added  by  me  to 
the  ^roup  between  Mars  and  Jupiter.  I  take  pleasure  in  com- 
municating the  following  observations  on  their  positions.  The 
dates  of  discovery  were  respectively  Oct.  13  and  Oct  22. 

(206)  Eersilia. 


1879. 
Oct    13. 
Oct    14. 
Oct    16. 
Oct.    20. 

Ham.  CoU.  m.  t 

14»»  36«»52« 

10    43     25 

9     51     24 

9    46    52 

App.  a. 
Ih     o""  36«-63 
0     59     56-51 
0     58     23*52 
0     55     17*26 

App.  6. 
+   1'  24'  52''-2 
+   1     19     54*1 
+   1       9     10-6 
+   0     48     IM 

No.  of  comp. 

15 

10 

9 

10 

1879. 
Oct    22. 
Oct    25. 
Oct    26. 
Not.    7. 

Ham.  Coll.  m.  t 
Uh  -«  — . 

11  12     36 
10    49     55 

12  1       6 

(209)  Dido 

App.  a. 
Ik  23»49« 
1     21     32-94 
1     20     47-08 
1     12     12-93 

App.  <J. 
+  13''  23*1 
+  13     14     27-4 
+  13     11     20*4 
+  12     33       1*1 

No.  of  comp. 

10 
10 

4 

The  magnitude  of  Hersilia  was  llth;   that  of  Dido  about 
12th. 
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Art.  LrV. — On  Triple  Objectives  with  complete  Color  Correction; 
by  Charles  S.  Hastings. 

The  prime  defect  in  the  large  refractors  of  the  present  day 
is  the  secondary  spectrum.  Tnis,  arising  from  the  irrationality 
in  the  spectra  produced  by  the  crown  and  flint  glass,  hardly 
noticeable  in  small  apertures,  detrimental  in  telescopes  of  medium 
power,  is  positively  obnoxious  in  the  large  instruments  and  will 
speedily  put  an  end  to  farther  increase  in  dimensions.  On  this 
account  there  have  been  many  efforts  to  produce  two  kinds  of 
glass  differing  sufficiently  in  dispersive  power,  which  would 
still  yield  mutually  rational  spectra.  As  far  as  I  know  we  are 
now  no  nearer  success  in  this  direction  than  when  Brewster 
investigated  the  subject  fifty  years  ago. 

Can  we  secure  the  same  end  by  increasing  the  number  of 
glasses  in  the  objective?  Theoretically,  since  a  new  disposable 
constant  for  color  chance  is  introduced  with  each  lens  in  the 
system,  the  answer  is  evidently  affirmative ;  but  if  we  limit  our- 
selves by  the  condition  that  the  construction  shall  be  practi- 
cable, i  e.,  that  there  shall  not  be  too  many  lenses  and  the 
curvatures  shall  be  moderate,  the  conclusion  is  not  so  ready. 
On  entering  the  discussion  we  will  assume  three  as  the  limit- 
ing number  of  lenses  and  ^  the  focal  length  as  the  minimum 
radius  of  curvature. 

The  formula  for  the  focal  length  F  of  three  thin  lenses  in 

contact  is,  if  we  set  f =-fi : 

where  7i',  n",  w'"  are  the  indices  of  refraction  for  the  three 

materials  used,  and  r^^r„ r„  are  the  radii  of  curvature 

for  the  six  surfaces  successively.     We  may  write  this  more 
concisely  for  our  end,  as  follows : 

^=(n'-l)A  +(n"-l)B+(n'"-l)C, 

calling  A,  B  and  C  the  curvature  sums  of  the  first,  second  and 
third  lens  respectively. 

The  problem  then,  succinctly  stated,  is  to  find  values  of  A, 
B  and  C,  no  one  of  which  shall  be  more  than  thirty  when  y =1 
and  which  shall  make  (p  independent  of  the  wave  length  of 
light  transmitted. 

If  n  can  be  expressed  as  a  function  of  any  variable  x  of  the 
form: 

n=zA+Bf,{x)^rfXx) 

the  problem  has  its  mathematical  expression  in  the  equations : 
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<?,^=(n/-l)Af(n/'-.l)B+(n/"^l)C=l 

dx 


'^.={F/,'{x)+r//{x))A+{B'/:(x)+r'/,'{x))B+{B'"f,'(x) 


+ry/{x))c=0', 

but  since  the  latter  must  hold  true  for  all  values  of  the  variable 
X  the  final  conditions  for  perfect  color  correction  are : 

(n/-l)A+(n/-l)B+(n/".  1)0=1  ^ 

5'A+J5"B+5"'C=0  I  <2) 

r^A+r'c+n"c=oJ 

the  only  practical  limitation  being  that  neither  A,  B  or  C  sur- 
pass thirty  as  a  maximum. 

As  to  the  choice  of  the  variable  flc,  the  most  natural  sugges- 
tion is  the  wave  length  of  light,  using  the  first  three  terms  of 
Cauchy's  well-known  formula  as  an  expression  for  n;  but 
there  are  two  objections  to  such  a  course,  the  first  and  most 
important  beinff  that  three  terms  of  this  series  will  not  express 
the  values  witnin  the  necessary  limits  of  accuracy,  and  the 
other  lies  in  the  great  labor  requisite  to  compute  the  constants. 
I  have,  therefore,  chosen  to  take  the  value  of  n  for  some  one 
material  as  a  standard  and  compute  by  the  method  of  least 
SQuares  the  values  for  other  materials  as  functions  of  this. 
Tne  standard  selected  is  FeiVs  Crown  Glass,  No.  1219,  which  I 
have  studied  and  described,  with  four  other  kinds,  on  page  273 
vol.  XV,  of  this  Journal.  The  reason  determining  the  choice 
is  the  greater  accuracy  of  our  knowledge  of  its  constants  over 
that  of  any  other  light  glass.  The  form  of  the  function  is  a 
trinomial  of  the  second  degree,  thus : 

l^=A+Bn+rn'  (3) 

Doubtless  by  not  restricting  it  to  the  first  and  second  powers 
of  n  a  formula  might  be  shaped  which  would  make  the  differ- 
ences between  the  observed  and  calculated  values  less,  but  as 
that  could  be  attained  only  at  the  expense  of  much  greater 
labor  in  determining  the  various  values  of  the  constants,  and 
moreover,  as  the  errors  of  observation  are  generally  greater 
than  those  of  the  formula,  it  seems  unadvisable  to  modify  it. 

In  this  discussion  I  have  included  all  the  diflferent  varieties 
of  glass  the  optical  constants  of  which  I  have  been  able  to  find 

fiven  with  tne  requisite  accuracy.     Unfortunately  there  are 
ut  few.     Besides  the  five  which  I  have  determined  and  are 
cited  above,  viz: 

Feire  Crown  1219, ...a 

"    Flint  1237, -../3 

"    Flint  1241, > 

Crown  A,  - ...d 

— -Flint  B, c 
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are  included  the  seven  of  Fraunhofer,*  viz : 

Crown  13, C 

Crown  9, .-^ tf 

Crown   M, ^ 

Flint  13, ^ - V 

Flint  3, K 

Flint  30, - A 

Flint23, fi 

six  of  Van  der  Willigenf  (one  closely  resembles  my  A  above, 
while  two  others  are  almost  exactly  alike),  viz : 

Crown,  Mere  No.  m, v 

Crown,  MerzNo.  IV, f 

Flint,  SteinhedNo.  II, o 

Flint,  MerzNo.  V, -..--.ir 

Flint,  Hoffmann  No.  I, p 

Flint,  Merz.NoII, a 

and  finally  one  of  Ditscheiner4 

Flint, f - - r 

There  are  further  measurements  of  18  diflferent  prisms  by 
Datiron,§  but  so  inaccurate  as  to  be  worthless  for  our  purpose. 
In  the  order  in  which  the  glasses  are  named  are  entered  in 
table  I,  the  values  of  the  constants  for  (8). 

Tablb  I. 

A.  B,  r. 

a  +  0-  +1*  +  0- 

/?  22-3186076  —29-1759937  10-2399102 

7  14-0097123  -179513549  6*4320057 

6  -5679958  +     '2172063  -2681091 
e  21*026827  -27-430617  9645678 

C  -5749543  +     •2333290  '259890 

7  -9025943  —  '2110704  '411148 
^  6-2924649  -  6-1318968  2*4193199 
/  19-6074744  -26-7440377  9*1597811 
K  20*7768050  -27*0625276  9*6093647 
X  24-6152640  -32*2820439  11*2916241 
fi  25-4950932  —33-4611946  11*688423 

V  2-2608J8  —   1*973145  0*983738 

f  2*737385  -  2*679993  1*241673 

0  19*641686  -26-438209  8-976709 

w  27*444400  -36*036067  12*537277 

p  43-623628  —57*822556  19*899438 

a  69-141334  .  -91-827576  31-313410 

r  19*960276  -26*041640  9*196286 

*  Schnmacher's  Astronomische  Abhandlung  f&r  1823. 

+  Archives  du  Mus^  Teyler. 

1  Sitzungaberichete  der  k.  k  Akad.  d.  Wissenschaften  in  Wien.  Oct.,  1864. 

§  Comptea  Rendus,  xxix,  pp.  632-636.  Poggend.  Annal.,  Ixxiz,  pp.  336-336. 
Annales  de  Chimie,  xxviii,  pp.  176-210.  These  incredible  values,  which  are 
extensively  quoted  in  prominent  text  books  on  optics,  have  given  me  a  deal  of 
trouble,  used  as  they  are  in  several  places  to  discuss  the  defects  and  possible 
improvement  of  the  double  objective.  Only  by  the  merest  chance  I  found  on  the 
Inst  leaf  of  the  Annales  de  Chimie,  xxviii,  pp.  501,  602,  a  set  of  corrections  to  aU 
the  values.  These  new  values  are  less  fautastic,  but  still  the  errors  are  large  and 
even  indicated  anomalous  dispersion  is  not  wanting. 
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If  we  tabulate  the  diflferences  between  the  observed  valaes 
and  those  derived  by  substitution  in  the  fonnula,  we  have  the 
following  expressed  in  units  of  the  sixth  place : 

Table  H 

n-N. 


A 

B 

C 

D 

X 
5614 

B 

P 

X 
4548 

G 

h         H 

a 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0    0 

P 

+  26 

-  4 

-12 

-31 

-  6 

+  3 

+  23 

+  4 

+  12 

—  4  —10 

7 

+  24 

-10 

-10 

-21 

-  4 

+  6 

+  19 

+  4 

+  4 

—  1}  —  t 

6 

-  9 

-  0 

+  2 

—  1 

+  15 

+  15 

-14 

-20 

0;  +12 

e 

+  8 

-  8 

-  3 

-10 

+  4 

+  13 

+  5 

— 

-10 

—  9 

+  12 

c 

— 

+  2 

+  4 

-  1 



+  4 

-11 

_ 

—  4 

__ 

+  3 

V 

— 

-15 

+  4 

+  16 

-— 

-  3 

+  17 

— 

-34 

— 

+  16 

^ 

— 

+  4 

+  8 

-25 

— 

+  10 

+  6 

— 

-  2 

— 

—  1 

I 

— 

-  2 

-  7 

-21 

— 

+  36 

+  16 

— 

-24 

— 

+  2 

K 

— 

-42 

+  29 

+  35 

— 

-11 

-20 

— 

+  5 

— 

+  2 

X 

— 

-  1 

+  45 

-27 

— 

+  7 

-  7 

— 

+  19 

— 

—36 

^ 

— 

+  19 

+  10 

-34 

— 

-30 

+  24 

— 

+  30 

— 

-19 

V 

+  23 

+  19 

-22 

—42 

_ 

+  14 

+  20 

_ 

+  13 

+  19 

f 

+  21 

-  3 

-16 

-15 

— 

+  15 

+  11 

— 

—10 

+  22 

0 

+  38 

-27 

-13 

-25 

— 

+  2 

+  28 

_ 

+  15 

-19 

.  n 

+  54 

-16 

-37 

-34 

— 

-  9 

+  28 

— 

+  29 

+  17 

P 

+  40 

-19 

-30 

-19 

— 

+  11 

+  25 

— 

+  4 

-11 

a 

-60 

-47 

-26 

+  25 

— 

+  119 

+  116 

— 

-32 

-92 

T 

-  8 

+  26 

-10 

-34 

-  0 

+  43 

— 

+  8 

-26 

The  systematic  distribution  of  the  diflferences  in  the  first 
group  shows,  not  only  the  short-coming  of  the  formula,  but 
also  that  the  extreme  accuracy,  indicated  by  the  probable  errors 
attached  to  the  indices,  is  not  imc^nary. 

The  accuracy  of  the  second  group  is  also  great  but  much 
inferior  to  the  first  Occasional  abrupt  changes  as  in  that  of 
/D  to  <E  in  table  II  can  only  arise  from  erroneous  values  in 
the  indices.  Here  we  recognize  at  once  that  n,  must  be  about 
thirty  too  great 

The  indices  of  the  following  groups  are  only  given  to  five 
places  of  decimals  and  are  evidently  made  with  much  less 
care  than  the  others. 

By  taking  from  table  I  the  constants  for  any  three  glasses 
and  substituting  them  in  formulas  (2),  we  obtain  values  of  A, 
B  and  0,  which  would  give  complete  color  correction,  but  in 
general  the  values  would  not  be  all  below  thirty,  the  limiting 
maximum.  Of  those,  however,  which  satisfy  this  condition,  I 
select  four  cases,  confining  myself  to  these  four,  not  because 
it  exhausts  all  the  serviceable  combinations  or  even  gives  the 
smallest  values  for  the  curvature  sums,  but  because  it  intro- 
duces eight  out  of  the  nineteen  glasses  which  are  most  useful. 
They  are : 
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Case  I. 
"  n. 
••  IIL 
"  IV. 

a 

V 
V 

IT 

w 

i 

0 

T 
0 

values  for  the  curvature 

1  sums : 

A. 

B. 

0. 

I.                     8-47026 
n.                    9-47613 
ni.                  7-58686 
IV.                11-67469 

7-20807 
14-28004 
11-67426 
18-10299 

-  8-35472 
-21-23665 
-16-69076 
—27-22301. 

Substituting  these  values  in  the  general  formula  (1)  we  derive 
for  F  the  following,  the  first  column  giving  the  Praunhofer 
ray  for  which  the  focal  length  is  computed  : 

Table  m. 


L 

n. 

m. 

IV. 

A 
B 

1-00002 
-99949 

1*00000 
-99968 

1-00000 

-99989 

0 

•99999 

1-00043 

1-00102 

100053 

D 

-99999 

1-00026 

1-00052 

1-00006 

E 

1-00024 

•99992 

-99942 

-99993 

F 

-99999 

•99988 

-99961 

-99999 

a 

-99999 

1-00002 

1-00030 

1-00000 

To  exhibit  more  distinctly  the  improvement  in  this  form 
over  the  double  objective,  I  arrange  the  diflferences  in  the  above 
values  between  each  and  the  true  focal  length  of  that  system 
in  a  table,  supplementing  it  with  a  sixth  column  in  which  are 
entered  the  corresponding  diflferences  for  a  double  objective  of 
glasses  a  and  ^  with  its  best  color  correction,  and  having  a 
focal  length  of  unity. 


I. 

II. 

ni. 

IV. 

V. 

A 

— 

+   2 

— 

-  3 

+  135 

B 

+  1 

-53 

-22 

-36 

+  66 

C 

0 

+41 

+  91 

+  60 

+  41 

D 

0 

+  28 

+  41 

+   2 

+     0 

E 

+  26 

-10 

-67 

-10 

+   13 

P 

0 

-14 

-60 

-  4 

+   73 

a 

0 

+   2 

+  21 

-  3 

+  287 

The  large  diflference  in  F,  is  owing  to  an  erroneous  value 
of  n£  in  Fraunhofer's  Flint  18. 

The  greater  differences  in  the  other  cases  are  to  be  attributed 
to  inaccurate  measurements  of  the  optical  constants,  inaccuracies 
which  are  most  marked  in  Ditscheiner's  determinations.  It 
may  be  noted  that  only  in  the  first  two  groups  are  the  indices 
given  to  six  places  of  decimals,  and  whatever  the  errors  may 
be  they  are  multiplied  bv  large  factors  in  all  but  the  first  case. 
That  these  differences  do  not  represent  any  outstanding  color 
we  may  be  sure  from  their  non-systematic  character. 

The  problem  is  then  solved  generally  and  shown  to  be  quite 
practicable  in  the  case  of  a  number  of  known  varieties  of  glass. 
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Of  coarse  in  its  practical  application  this  process  should  be  used 
to  yield  a  first  approximation  only,  since  the  thicknesses  and 
distances  of  the  lenses  are  neglected ;  bat  having  this  there  is 
no  difficulty,  other  than  the  laborious  character  of  the  compu- 
tations involved,  in  determining  by  successive  approximations 
the  values  of  all  the  radii  requisite  to  secure  complete  color 
correction  and  at  the  same  time  eliminate  spherical  aberration. 
As  in  the  case  of  a  double  objective,  after  satisfying  the  condi- 
tions of  given  focal  length,  of  color  correction,  and  elimination 
of  spherical  aberration,  we  have  one  arbitrary  condition  to 
impose,  BO  in  a  triple  objective  we  have  two  arbitrary  condi- 
tions to  impose.  In  my  opinion,  were  we  using  materials  that 
required  large  curvature  sums,  it  would  be  advantageous  to 
utilize  these  two  conditions  in  making  two  of  the  lenses  respec- 
tively biconvex  and  biconcave,  thus  rendering  the  necessary 
thickness  of  the  materials  a  minimum. 

These  results  are  directly  opposed  to  those  of  a  recent  writer 
in  this  Journal.*  But  his  conclusions  arise  firom  erroneous 
calculation.  Not  only  does  his  interpretation  of  his  equation 
(12)  imply  the  manifest  absurdity  that  in  a  system  of  innnitely 
thin  lenses  in  contact  its  properties  are  determined  by  the 
order  of  the  lenses,  but  the  mterpretation  is  impossible.  True 
A,  should  have  an  opposite  sign  to  A^-l-A,,  but  that  asserts 
nothing  as  to  likeness  of  the  latter  symbols  in  sign.  Thus  n 
in  equation  (16)  may  be  negative  and  consequently  his 
subsequent  reasoning  is  fallacious,  for  in  that  case  n  does  not 
have  to  be  infinite  to  cause  equation  (27)  to  vanish.     I  may 

add  that  the  origin  of  the  confusion  is  in  making  the  ratio  ^ 

in  equation  (9)  constant ;  it  may  be,  and  if  course  should  be, 
indeterminate. 

Professor  Harkness  has  made  another  mistake,  founded  upon 
inadequate  experiment,  which  has  so  important  a  bearing  on 
the  theory  of  tne  double  objective  that  it  should  not  be  allowed 
to  pass  uncorrected.  His  statement  (p.  191)  concerning  the  con- 
dition for  color  correction,  is  substantially  correct,  though,  in 
ray  opinion,  it  is  not  self-evident  but  requires  proof.  This  proof 
I  shall  supply  in  a  forthcoming  number  of  the  American  Journal 
of  Mathematics.  His  experiment,  however,  (p.  193)  directly  con- 
travenes this  principle,  for  he  finds  that  the  focal  plane  does 
not  correspond  to  the  minimum  focal  distance,  but  to  some- 
thing greater.  The  source  of  error  is  the  introduction  of  a 
variable  element  in  the  system,  namely,  the  eye,  which  would 
adjust  itself  differently  in  observing  the  star  and  its  spectrum. 
Had  the  writer  used  eye-pieces  of  successively  higher  power, 
*  Professor  Harkness,  in  the  September  number,  pp.  191-193. 
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thus  lessening  progressively  the  power  of  accommodation  of  the 
system,  with  his  prism,  he  woula  have  seen  his  points  y-^and  y^ 
approach  until  they  sensibly  coincided ;  or  better  still,  had  he 
formed  his  spectrum  by  a  grating  (such  as  perforated  card- 
board) before  the  objective,  instead  of  by  a  prism  between  the 
ocular  and  eye,  he  could  not  have  been  misled,  since  the 
uncolored  image  would  serve  to  control  the  eye. 

Finally,  the  fourth  conclusion  (p.  196)  is  strictly  true,  though 
we  are  not  to  conclude,  as  would  seem  from  the  text,  that  the 
detriment  due  to  the  secondary  spectrum  depends  either  solely 
upon  the  aperture  or  varies  inversely  as  the  focal  length ;  for, 
though  the  secondary  spectrum  remains  constant  in  dimension 
with  a  given  aperture  and  consequently  its  angular  value 
decreases  inversely  as  the  focus,  a  stellar  image  (diffraction 
disk,)  increases  directly  as  the  focal  length.  Hence  by  increas- 
ing this  element  more  of  the  central  portion  of  the  secondary 
spectrum,  i.  e.  the  brighter  portion,  would  be  absorbed  into  the 
stellar  disk.  In  other  words,  by  doubling  the  length  of  the 
telescope  the  secondary  spectrum  becomes  much  less  than  half 
as  offensive. 

Johns  Hopkins  Uniyersity,  Sept  20th,  1879. 


Art.  LV. — Geology  of  Virginia  : — Balcony  Falls.  The  Blue 
Ridge  and  its  geological  connections.  Some  theoretical  considera- 
iions ;  by  J.  L.  Campbell,  Washington  and  Lee  University. 

Among  the  many  localities  in  the  mountains  of  Virginia  that 
are  peculiarly  interesting  to  the  geologist,  very  few  oner  attrac- 
tions superior  to  those  found  in  the  great  natural  section  of  the 
Blue  Ridge  at  Balcony  Falls,  where  the  James  River  passes 
from  the  Valley  to  Piedmont  Virginia,  The  canal  from  Lynch- 
burg to  Lexington  passes  through  this  mountain  gorge,  and 
renders  the  exposures  of  the  rocky  formations  easily  accessible. 
Here  both  the  Archaean  and  the  Primordial  formations  are  dis- 
played in  their  relative  positions,  and  their  contact  laid  bare  to 
inspection.  Reference  was  made  to  this  point  in  a  former  paper 
(July  No.  of  this  Journal,  pp.  22,  23),  by  way  of  illustration. 
I  now  propose  to  discuss  some  of  its  interesting  features  more 
in  detail. 

Topography. — The  accompanying  map  and  section  will  serve 

to  throw  light  upon  both  the  topographical  and  the  geological 

features  of  the  locality.     Leaving  out  of  view   a   number  of 

irregular  foot-ridges  on  the  southeast  side,  we  may  regard  the 
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range  of  mountains  bere,  known  as  the  "  Blue  Bidge  Bange," 
to  consist  of,  (1)  the  real  Blue  Kidge  on  the  southeast  border — 
the  long  water-shed  between  the  valley  and  Piedmont  Coun- 
ties— between  Bockbridge  on  the  northwest  and  Amherst  and 
Bedford  on  the  southeast  Here  and  for  some  miles  along  its 
line  both  ways,  this  ridge  is  flanked  by  Archsaan  rocks  on  the 
southeast  and  Primordial  rocks  on  the  northwest — the  latter 
resting  unconformabl y  upon  the  former.  (2)  Skirting  the  north- 
west side  of  this  leading  ridge,  and  parallel  with  it,  are  two 
well  defined  lines  of  broken  ridges  that  have  evidently  been 
once  continuous,  but  now  consist  of  short,  abruptly  termmatin^ 
mountains,  of  rounded  dome-like  hills,  and  of  ru^ed  conical 
peaka  These  all  have  a  frame-work  of  Primordial  sandstones, 
with  the  less  durable  shales  of  the  same  period  lying  along 
their  flanks  or  filling  the  depressions  between  them.  Of  these 
lines  of  ridges  the  one  bordering  on  the  great  limestone  valley, 
heretofore  described,  (see  July  No.),  is  by  far  the  most  con- 
spicuous, and  the  most  uniform  in  its  physical  features.  It 
consists  essentially  of  the  durable  masses  of  the  Upper  Pots- 
dam sandstones,  so  durable  that  many  parts  of  it  have  main- 
tained a  height  almost  equal  to  that  of  the  main  ridge,  the  ave- 
rage height  of  which,  in  this  region,  somewhat  exceeds  2500 
feet  The  mean  bearing  of  this  portion  of  the  range  is  about 
N.  35°  E. 

Sailing's  Mountain,  seen  on  the  left  of  the  map,  is  an  out- 
lying rioge  of  Primordial  sandstones  and  slates,  cut  off  at  its 
northeastern  end  by  the  North  Biver,  and  at  its  southwestern 
end  by  James  Biver.  It  is  separated  from  the  principal  chain 
by  a  narrow  synclinal  valley  of  limestone  (Lower  Silurian), 
most  of  which  is  concealed  from  view  by  an  extensive  bed  of 
alluvium^  accumulated  by  the  two  rivers  that  meet  here ;  but 
accumulated  originally  in  a  Y-shaped  lake,  through  which  they 
seem  to  have  flowed  at  some  former  period  of  their  history. 

The  two  livers  above  mentioned,  traverse  the  little  valley 
obliquely,  and  meet  at  a  very  obtuse  angle  just  where  their 
waters,  as  one  united  stream,  enter  the  deep  gorge  or  cafion  by 
which  they  pass  through  the  mountain  range.  Just  below 
their  junction  are  mills  for  grinding  hydraulic  lime  burnt  from 
the  ledges  that  crop  out  a  little  higher  up  the  James  Biver. 
"  Balcony  Falls"  is  the  name  given  to  a  succession  of  "  rapids," 
beginning  about  half-a-mile  below  the  Cement  Mills,  and  con- 
tinuing to  the  southeast  limit  of  the  gorga  The  river  here  is 
700  feet  above  tide  level. 

Geology. — The  foregoing  outline  of  the  topography  of  the 
region  will  enable  the  reader  to  understand  more  clearly  its 
geological  peculiarities,  and  to  interpret  more  readily  than  he 
otherwise  could,  the  ideal  section  accompanying  the  map. 
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Conceive  a  vertical  plane  with  its  edge  resting  on  a  line  rep- 
resented by  the  broken  line  of  the  map,  marked  "  S.R,"  and 
"N.W.,"  and  having  a  height  of  1500  feet  above  the  bed  of 
the  river.  Then  imagine  all  the  outcropping  faces  and  edges 
of  all  the  eroded  rocks  of  the  gorge,  and  all  that  the  plane  itself 
would  cut  (including  those  of  Sailing's  Mountain),  to  be  pic- 
tured on  the  plane,  and  you  will  have  a  mental  conception  of 
what  the  section  is  designed  to  represent 

The  student  of  geology  will  find  here  a  somewhat  intricate, 
but  a  very  interesting  problem  for  solution.  By  a  series  of 
careful  observations  along  the  canal  and  bed  of  the  river,  and 
also  by  the  turnpike  that  crosses  the  mountain  near  the  canal, 
very  satisfactory  conclusions  may  be  reached.  In  the  gorge 
we  nave  the  rocks  of  two  distinct  eras  so  meeting  as  to  enable 
us  to  studjr  not  only  their  composition  and  structure,  but  also 
their  relative  positions,  and  some  of  the  metamorphic  influences 
they  have  exerted  upon  one  another.  These  two  eras  are,  (I) 
the  Archaean,  represented  on  the  accompanying  section  by  the 
rocks  on  the  right  marked  G,  S,  and  1  a,  6 ;  (2)  a  portion  of 
the  Lower  Silurian  covering  the  remainder  of  the  section. 

Let  us  begin  at  the  base  of  the  Archaean.  Here  we  find  two 
masses,  or  a  sort  of  double  mass,  marked  G.  and  S.— the  former 
a  mass  of  Granulite,  and  the  latter  of  Syenite.  These  are 
usually  regarded  as  igneous,  or  perhaps  with  more  propriety, 
aqueo-igneous  rocks.  They  underlie  the  stratified  rocks  of 
this  era ;  but,  considered  as  solid  rocky  masses,  they  are  prob- 
ably of  more  recent  date  than  any  other  rocks  represented  on 
the  section — having  been  thrust  upward  beneath  the  over  lying 
stratified  beds  in  a  plastic  (semi-fused)  condition,  and  subse- 
quently hardened  into  their  present  condition. 

G.  is  "granulite"* — a  granitoid  rock,  eruptive  in  its  origin. 
It  is  composed  of  granular  quartz  mixed  with  feldspar,  both 
white  and  pale  flesh-colored;  and  has  numerous  crystals  of 
garnet,  and  occasional  crystals  and  blotches  of  epidote  dissemi- 
nated through  it,  giving  it  a  spotted  appearance.  This  is  about 
100  feet  wide  at  the  base,  and  seems  to  be  separated  from  the 
larger  mass  of  syenite  (S.)  by  a  crushed  and  greatly  metamor- 
phosed bed  of  gneissoid  rock,  in  which  distinct  traces  of  the 
original  bedding  can  be  seen.  The  syenite  is  well  exposed 
from  a  short  distance  below  the  limit  of  the  granulite,  as  far 
down  the  canal  as  to  lock  No.  15.  It  also  forms  a  rugged  bed 
for  the  river  in  this  part  of  its  course,  and  rises  to  the  height  of 
several  hundred  feet  beneath  the  mountain  on  the  opposite 
side.  Syenite  is  a  granitoid  rock  composed  essentially  of 
quartz,    feldspar    and    hornblende,    in    varying   proportions. 

*  So  classed  by  Professor  Dana,  to  whom  a  specimen  was  submitted. 
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Besides  these  constituents  we  find  the  mass  at  Balcony  Falls 
containing,  in  some  places,  considerable  quantities  of  epidote, 
both  crystalline  and  amorphous,  giving  the  rock  a  green  color, 
and  in  others  numerous  crystals  of  garnet 

The  bedded  rocks  (1,  a,  6,)  that  rest  upon  the  syenite,  are 
very  much  metamorphosed,  are  gneissoid  in  character,  and  dip 
toward  the  southeast  These  are  succeeded  by  beds  of  red 
and  brown  slates.  Then  follows  a  bed  of  forty  or  fifty  feet  of 
conglomerate  quartzite,  bearing  some  resemblance  to  the  con- 
glomerate sandstones  on  the  opposite  side  of  the  ridge,  but  so 
unlike  in  composition,  texture,  position  and  thickness  as  to 
preclude  the  idea  that  they  have  any  historical  connection. 
Over  this  again  we  find  another  bed  of  slate.  These  beds  all 
dip  towards  the  southeast,  while  their  upper  margins  reach 
beyond  the  underlying  syenite  and  granulite,  and  with  their 
edges  support  the  lowest  beds  of  Primordial  rocks  where  they 
extend  high  up  on  the  ridges,  beyond  the  limit  of  the  igneous 
beds.  The  two  series  here,  and  at  other  points  along  the  ridge, 
are  entirely  unconformable.     Such  are  the  Archaean  rocks. 

Starting  again  on  the  northwest  side  of  the  granulite,  let  us 
briefly  sketch  the  remarkable  beds  that  make  up  the  remainder 
of  this  massive  range.  In  the  Archaean  rocks  we  have  just 
described  there  are  no  traces  of  fossil  remains,  nor  do  we  find 
any  in  the  lowest  beds  of  what  we  call  Primordial.  If  organic 
remains  have  ever  been  imbedded  in  them  here,  they  have 
either  been  obliterated  or  remain  yet  to  be  discovered. 

Subdivisions, — On  the  section  illustrating  a  former  article 
(July  No.),  the  classification  of  Professor  Rogers  in  his  reports 
was  employed,  and  subdivisions  of  my  own  introduced.  In  a 
second  article  (August  No.),  the  classification  and  notations*  of 
Professor  Dana's  Manual  were  introduced.  This  latter  system 
I  shall  employ  in  this  paper — ^introducing  subdivisions  only  in 
the  Primal  period,  numbered,  1,  2,  3,  etc. 

The  Primal  or  Potsdam  period  is  often  divided  into  Acadian 
and  Potsdam  epochs — 2a  and  2J — but  as  it  is  very  doubtful 
whether  both  of  these,  as  they  occur  farther  north,  have  equiv- 
alents here,  or  if  they  have,  where  the  horizon  between  them 
is  to  be  found,  I  shall  designate  the  whole  period  as  2a,  6, 
and  its  subdivisions  1,  2,  3,  4,  etc.  These  will  correspond  with 
the  subdivisions,  la,  16,  Ic,  etc.,  on  my  former  sectioiL  As 
these  were  then  regarded  as  only  of  secondary  importance  to 
my  main  object — the  Silurian  limestones — a  very  brief  descrip- 
tion of  them  was  deemed  suflBcient ;  but  now  they  become  of 
prime  importance  in  our  discussion,  and  demand  a  more  full 
and  detailed  examination. 

♦  Professor  Rogers  himself  has  partially  adopted  this  system  in  his  article  on 
the  Geology  of  Virginia,  in  Maofarlane's  QeoL  R.  R.  Quide. 
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Without  repeating  in  each  case  the  notation,  2ab,  the  sev- 
eral subdivisions  will  be  referred  to  by  the  simple  numbers,  1, 
2,  8,  etc.  All  the  beds  of  this  period,  with  some  local  and  lim- 
ited exceptions,  dip  toward  the  northwest  The  slight  alter- 
nations and  variations  of  dip  are  confined  almost  entirely  to 
the  thinner  beds  of  sandstone,  and  the  shales  contiguous  to 
them  (especially  in  8),  and  are  limited  apparently  to  pointe 
near  the  margin  of  the  river.  Variations  in  the  steepness  of 
dip  in  the  heavy  beds  of  sandstone  as  they  rise  toward 
the  crests  of  the  ridges,  are,  however,  common  throughout  the 
whole  range.  The  limited  irregularities  may,  with  much  plau- 
sibility, be  referred  to  the  undermining  action  of  the  river; 
for  there  are  abundant  indications  that  the  water  once  stood 
several  hundred  feet  higher  in  this  pass,  and  in  the  little  valley 
west  of  its  entrance,  than  the  present  height  of  the  river  bed. 

Subdivision  1  is  a  bed  of  conglomerate  about  fifty  feet 
thick,  resting  unconformably  against  the  Archaean  rocks,  and 
composed  of  sand,  rounded  quartz  pebbles,  fragments  and  worn 
crystals  of  feldspar,  with  some  fragments  of  epidote,  all  firmly 
cemented  together,  and  hardened  by  the  action  of  heat  from 
the  contiguous  igneous  rocks;  followed  by  several  alternations 
of  slates  and  conglomeritic  sandstones,  with  an  aggr^ate  thick- 
ness of  about  120  feet  This  division  has  been  considerably 
affected  by  heat  throughout.  Its  position,  too,  has  protected  it 
against  the  erosive  action  of  the  nver  which  has  been  far  less 
here  than  it  has  been  among  the  slates  higher  up  in  the  series. 

Number  2  is  a  heavy  mass  of  sandstone  fullv  860  feet  thick, 
and  so  hard  that  we  may  call  it  "guartzite.  It  consists  of 
three  tolerably  distinct  beds  varying  in  hardness  and  color ;  the 
lowest  being  very  hard  and  of  a  light  gray,  sometimes  pinkish 
color ;  the  middle  one  of  coarser  texture,  partly  conglomerate 
and  mostly  of  a  greenish  gray  color;  the  upper  bed  is  more 
brittle  than  either  of  the  other  two,  and  of  darker  color.  These 
heavy  beds  of  hard  sandstone  seem  to  have  presented  one  of 
the  most  durable  barriers  to  the  passage  of  the  river  through 
the  mountain,  and  doubtless  obstructed  its  flow  to  such  an 
extent  as  to  keep  the  water  in  contact  with  the  higher  beds  for 
a  period  long  enough  to  cause  some  modifications  already  men- 
tioned, and  others  to  be  noticed  hereafter.  Before  the  canal 
was  constructed  the  steep  rugged  outcrop  of  this  massive  ledge 
projected  considerably  over  the  left  margin  of  the  river,  and 
was  known  as  **  Balcony  Rock** — ^hence  the  name  of  the  falla 
For  some  little  distance  on  the  west  side  of  this  sandstone  the 
river  runs  nearly  with  the  strike  of  the  strata,  exposing  in  suc- 
cession the  rugged  edges  of  the  several  beds. 

Number  8  consists  of  two  heavy  beds  of  slates  separated  by 
a  stratum  of  hard  conglomeritic  sandstone  about  sixty  feet 
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thick,  and  greenish  gray  color.  The  slates  are  of  brown,  pur- 
ple and  yellow  colors,  with  some  thin  beds  of  argillaceous  sand- 
stones interstratified.  At  this  point  the  river  has  left  some 
marked  traces  of  its  former  action  in  eroding  the  softer,  and 
undermining  the  harder  strata.  The  most  conspicuous  irregu- 
larity has  been  caused  by  the  undermining  of  the  interstrati- 
fied oed  of  sandstone  just  mentioned,  so  as  to  give  it  a  low,  and 
sometimes  waving  dip,  and  to  cause  a  mass  of  it  to  slip  from 
its  normal  position  and  modify  both  dip  and  strike,  as  seen  just 
above  the  margin  of  the  canal.  This  seems  to  me  the  only 
rational  way  of  accounting  for  the  anomalous  position  of  this 
bed  of  sandstone  at  this  point,  compared  with  its  position  at 
several  other  points  remote  from  the  river.  It  also  explains  its 
want  of  conformity  with  the  general  structure  of  the  whole 
Primal  period,  as  exhibited  all  along  this  part  of  the  Blue 
Bidge  range.  These  local  irregularities  are  not  represented  on 
the  section. 

It  is  a  little  difficult  to  determine,  even  approximately,  the 
thickness  of  this  double  bed  of  slates  with  its  enclosed  sand- 
stone, but  the  aggregate  must  be  at  least  six  hundred  feet. 

Number  4  is  not  well  defined  below,  since  8  becomes  more 
and  more  siliceous  and  blends  gradually  into  it ;  but  the  greater 

Sart  of  it  is  a  bed  of  brownish  gray  sandstone  with  a  well 
efined  upper  surface.  It  crosses  the  river  at  the  Cement  Mills, 
and  its  hignest  ledge  forms  the  abutment  of  the  dam  on  the 
opposite  side  of  the  river.  Where  a  deep  channel  was  washed 
out  by  a  freshet  a  few  years  ago,  this  rock  is  well  e?cposed  on 
the  lower  margin  of  the  turnpike,  and  its  upturned  cages  may 
be  conveniently  examined.  A  considerable  exposure  of  it 
also  crops  out  above  the  turnpike  between  the  houses  of  Messrs. 
Locker  and  Campbell,  while  the  corresponding  ledge  may  be 
seen  on  the  cliff  beyond  the  river.     It  has  a  very  regularly 

{'ointed  structure — the  cleavage  planes  being  so  distinct  as  to 
lave  been  mistaken  by  an  unpracticed  observer  for  planes  of 
stratification  dipping  to  the  southeast,  while  the  true  planes  of 
stratification  dip  with  considerable  uniformity  and  great  con- 
stancy toward  the  N.W. 

In  this  and  some  of  the  lower  beds  of  sandstone,  very  faint 
impressions  of  fucoids  and  occasional  Scolithus  borings  are 
found ;  but  the  conglomerate  structure  is  much  less  prominent 
here  than  in  the  older  bed& 

Number  5  is  made  up  of  numerous  thin  beds  of  slate  quite 
different  in  color  and  texture  from  any  that  we  find  lower 
down*  They  exhibit,  where  recently  exposed  in  repairing  the 
canal,  a  creat  variety  of  color  from  nearly  pure  white  kaolin  to 
various  shades  of  yellow,  red  and  brown,  and  abound  in  fine 
scales  of  mica;  but  no  distinct  traces  of  fossil  remains  have 
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been  found  in  thenL     In  the  portion  near  the  river  their  dip 
varies  from  25°  to  50®.     T  estimate  their  thickness  at  180  feet 

Number  6  is,  in  some  respects,  the  roost  interesting  of  all 
the  subdivisions  of  this  Primal  group.  Itis  the  sandstone  that 
"constitutes  the  type  of  this  formation."  It  diflTers  from  the 
beds  already  descrioed  in  both  its  lithological  and  fossil  pecu- 
liarities, (see  July  No.,  p.  22).  It  may  well  be  callea  the 
"Scolithus  sandstone,"  if  we  call  the  primal  worms  (?)  that  bad 
their  millions  of  habitations  in  this  rock  the  **  Scolithus  UnearisJ" 

Its  entire  thickness  (including  some  quite  brittle  beds  that 
underlie  and  overlie  the  more  massive  portion),  is  about  340 
feet.  The  dip  at  the  base  of  the  ridge,  where  the  two  rivers 
meet  at  the  entrance  of  the  gorge,  is  fully  65°,  while  it  falls 
gradually  to  40*^  before  it  reaches  the  summit — looking  as  if  it 
might  once  have  been  one  leg  of  a  grand  natural  arch,  which 
still  stands  up  with  one  exposed  face  forming  an  almost  perpen- 
dicular cliff  nearly  800  feet  in  height  There  is,  however,  no 
point  in  this  portion  of  the  range  where  I  have  found  it  reach- 
mg  beyond  the  northwestern  line  of  ridges,  of  which  it  gener- 
ally forms  the  crest  and  the  greater  part  of  the  western  slope, 
as  represented  on  the  accompanying  section.  A  part  of  this 
sandstone,  with  the  next  beds  of  slate  and  sandstone  below  it, 
has  broken  loose  from  the  upper  outcrop  of  the  ledges  on  the 
S.W.  side  of  the  river,  and  slipped  down  the  eastern  face  of  the 
ridge  without  any  great  change  of  dip.  This  displaced  mass 
may  be  seen  as  a  very  conspicuous  object  nearly  opposite, 
though  a  little  below  the  Cement  Mills.  It  is  apparently  one 
of  the  effects  of  undermining  by  high  water  in  the  remote  past 

Division  7 — the  upper  Potsdam  shale — usually  extends  some 
distance  up  the  slope  of  6,  where  the  normal  dip  has  been  pre- 
served, as  may  be  seen  at  the  iron  mines  a  short  distance  to  the 
N.E.,  or  opposite  the  Cement  quarries,  a  short  distance  S.W.  of 
the  entrance  of  the  goige ;  but  just  at  the  entrance  it  has  been 
eroded  by  the  river  and  then  concealed  very  much  from  view 
by  the  drift  and  diluvium  of  the  valley.  Its  dip  incrsases 
toward  the  valley.  As  nearly  as  can  be  determined  here,  the 
thickness  is  fully  600  feet  A  sufficient  additional  description 
of  it  may  be  found  in  the  July  number,  p.  28.  This  brings  us 
to  the  top  of  the  Primordial  period. 

The  next  is  the  Canadian  Period  (3)— sometimes  called, 
"Middle  Cambrian" — and,  like  the  Primordial,  belongs  to  the 
Lower  Silurian  Age.  It  has  three  epochs,  Calciferous  (3a), 
Quebec  (3i)  and  Chazy  (3c).  The  first  of  these,  named  from 
the  prominent  character  of  its  rocks  in  New  York,  might  well 
be  called  *•  Hydraulic,"  in  Virginia,  as  it  is  generally  character- 
ized by  the  presence  of  one  or  more  beds  of  hydraulic  lime- 
stone.    Where  our  section  crosses,  this  limestone  is  quarried 
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from  a  bed  twelve  or  thirteen  feet  thick,  interstratified  with 
shales  and  other  beds  of  impure  limestone.  It  dips  steeply  to 
the  northwest,  and  again  crops  out  at  the  base  of  Sailing's 
Mountain,  on  the  west  side  of  the  little  valley  in  which  the  two 
rivers  meet  Over  it  lies  a  part  of  the  Quebec  (86),  that  has 
escaped  the  denuding  agencies  that  have  operated  so  exten- 
sivelv  over  the  whole  of  the  Great  Valley.  It  crops  out  at  a 
number  of  points  along  the  James  Eiver  near  the  cement  quar- 
ries, and  along  the  base  of  Sailing's  Mountain.  We  have  thus 
a  synclinal  trough  of  limestone  resting  upon  the  Primordial 
shales  and  sandstones,  which  we  find  rising  again  on  the  west 
side  and  forming  the  mass  of  the  bordering  mountain. 

In  a  depression  of  Sailing's  Mountain,  about  half-a-mile  to 
the  right  of  the  point  cut  by  the  section,  and  where  the  turn- 
pike leading  from  Balcony  Falls  to  the  Natural  Bridge  crosses, 
we  find  the  shales  and  thin  beds  of  sandstone  of  2a6,  7,  extend- 
ing to  the  top  of  the  ridge,  but  where  the  mountain  is  more 
elevated,  the  heavy  beds  of  Scolithus  sandstones  (2a6,  6),  form 
the  core  of  the  ridge,  all  dipping  steeply  to  the  southeast ; 
while  beyond,  the  mountain  snales  of  7  again  appear,  dipping 
toward  the  mountain  and  apparently  beneath  the  sandstone 
which  elsewhere  underlies  them.  Then  as  we  descend  into  the 
valley  beyond  the  mountain  we  again  meet  with  the  limestones 
and  interstratified  shales  of  8a  and  86,  dipping  under  7. 
These  facts  lead  to  the  conclusion  that  the  mountain  is  a  closed 
fold  of  Primordial  strata  pushed  over  toward  the  northwest,  so 
as  to  invert  all  the  strata  on  that  side,  and  place  the  older  above 
the  newer.  But  on  crossing  a  low  ridge  half-a-mile  from  the 
mountain  and  parallel  with  it,  the  limestones  appear  again  on 
its  western  siue  still  dipping  southeast,  but  in  their  normal 
order.  From  an  examination  of  this  limestone  ridge  at  differ- 
ent points,  the  conclusion  to  which  my  mind  is  drawn  is,  that 
it  consists  of  a  closed  synclinal  fold,  the  middle  portion  of 
which  is  the  lower  part  of  the  Chazy  (3c),  all  higher  beds  hav- 
ing been  pressed  out  and  subsequently  swept  off.  This  part  of 
the  section  will  be  readily  understood  from  simple  inspection. 

Sailing's  Mountain  will  serve  as  a  type  of  a  considerable 
number  of  nearly  parallel  outliers  of  the  main  Blue  Ridge 
chain,  extending  for  thirty  miles  toward  the  southwest;  and 
consisting  of  arches  of  the  upper  Primordial  strata  of  sand- 
stones and  slates,  as  may  be  seen  on  the  road  leading  from 
Buchanan  to  the  Peaks  of  Otter,  or  of  closed  and  inverted 
folds,  a  conspicuous  example  of  which  may  be  found  in  the 
ridge  that  separates  Bufora's  Valley  in  Bedford  from  the  Great 
Valley  in  Botetourt  County,  and  is  here  called  Blue  Ridge, 
because  it  is  the  geographical  watershed  between  the  two  coun- 
ties— not  because  it  is  a  continuation  of  that  ridge  geologically. 
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Bidges  of  this  class  generally  lie  off  from  one  to  seyend 
miles  from  the  main  range,  and  seem  to  have  been  thrust  op 
beneath  the  limestones  of  the  Canadian  Period,  the  folds  of 
which  were  probably  much  shattered  at  the  time,  and  subse- 

3uently  worn  or  swept  away,  so  as  to  leave  the  ridges  of  more 
arable  sandstone  naked  for  some  distance  down  their  ste^ 
sides,  and  flanked  along  both  bases  by  slates  and  limestones — 
the  latter  often  occupying  narrow  valleys  or  troughs,  like  the 
one  above  described,  or  like  Buford's  Valley  in  Bedford  countv, 
traversed  by  the  A.  M.  and  O.  B.  R,  in  going  from  Lynch- 
burg to  Salem. 

Theoretical  considerations, — 1.  The  Primal  strata,  as  well  as 
all  those  of  later  date,  given  on  my  two  former  sections,  (July 
and  August  No?.),  are  of  oceanic  origin,  and  the  sandstones 
and  conglomerates  have  evidently  been  deposited  over  the  bot- 
tom of  shallow  water,  and  most  heavily  along  the  margin  of  an 
ancient  ocean  whose  shore-line  was  the  Blue  Bidge.  The  ear- 
liest of  these  beds— those  found  at  the  very  bottom,  and  for 
some  distance  upward  in  th^  series,  are  composed  of  the  debris 
of  still  older  rocks  that  composed  the  ancient  shore  land,  and 
that  seem  to  have  been  metamorphosed  before  they  were  worn 
down  as  material  for  the  Primordial  strata ;  for  in  the  latter  we 
find  fragments  of  metamorphosed  slate,  with  both  fragments 
and  crystals  of  feldspar,  epidote,  etc.,  more  or  less  water- worn, 
mingled  and  cemented  together,  but  not  otherwise  differing 
from  the  same  material,  as  we  now  find  it  broken  down  by  the 
weather  from  the  metamorphic  rocks  of  the  Archasan  landl 

2.  The  irregular,  unbedded  masses  of  syenite  and  granulite 
that  constitute  the  base  of  the  Blue  Bidge,  nave  evidently  been 
erupted  since  the  deposition  of  the  Primordial  strata.  This  is 
eviaent  from  the  moae  of  contact  of  the  two  classes  of  rock — 
the  stratified  resting  at  a  high  dip  against  the  igneous  masses; 
and  also  from  the  influence  the  beat  of  the  igneous  rocks  has 
exerted  upon  the  slates  and  sandstones  overlying  them.  Again, 
the  higher  we  ascend  in  the  series  the  fewer  traces  we  find  of 
the  metamorphic  changes. 

8.  As  far  as  we  can  read  the  records  left  upon  the  Silurian 
rocks  from  the  Primordial  upward,  mechanical  force  seems  to 
be  entirely  inadequate  alone,  without  the  aid  of  heat  from  other 
sources,  to  produce  anv  very  great  amount  of  metamorphisnu 
The  extent  to  which  the  rocks  represented  on  the  several  sec- 
tions I  have  given — especially  on  the  first — have  been  sub- 
jected to  bending  and  pressure,  and  consequent  friction,  ought, 
according  to  the  mechanical  theory  of  metaraorphism,  to  have 
made  the  Great  Valley  of  Virginia  one  vast  mass  of  metamor- 

Ehic  strata.     But  no  such  effect  has  followed.     The  limestones 
ave  their  fossils  beautifully  preserved.    The  sandstones  have 
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not  been  changed  to  quartzite.  The  shales  are  still  nothing 
but  fragile  shales  (with  a  few  exceptions) ;  while  the  embedded 
limonite  iron  ores  still  retain  their  water  of  crystallization. 
There  has  been  metamorphism,  but  only  limited,  not  general, 
except  so  far  as  it  has  been  produced  through  other  agencies 
than  heat,  or  even  super-heated  water  under  pressura 

4.  Such  closed  folds  as  we  find  in  Sailings  Mountain,  and 
in  many  localities  among  the  lower  Silurian  limestones,  seem 
to  have  been  great  wrinkles  in  the  strata,  pushed  upward  (or 
downward  in  the  case  of  synclines),  and  then  pressed  together 
by  mechanical  force  acting  from  a  southeasterly  direction  and 
in  a  horizontal  plane.  This  is  the  only  way  we  can  plausibly 
account  for  the  numerous  troughs  and  arches  and  folds  found 
along  the  lines  of  the  several  sections  we  have  had  under  dis- 
cussion. 

5.  The  flexures  and  folds  of  course  produced  numerous  frac- 
tures, especially  in  the  limestone  beds,  and  thus  prepared  the 
way  for  the  action  of  the  denuding  agencies  that  stripped  this 
great  limestone  valley  of  thousands  of  feet  of  its  original  cov- 
ering. As  the  pressure  was  most  powerful  on  the  margin  near- 
est the  Blue  Ridge,  so  we  should  expect  to  find  there  the  flat- 
test folds  and  the  most  numerous  fractures,  and  consequently 
the  greatest  amount  of  denudation.  Such  we  find  to  be  the 
case ;  for  in  the  first  place,  we  find  the  higher — the  Trenton — 
limestones  from  the  James  to  the  Potomac  nearly  all  gone  from 
that  side  of  the  valley ;  and  in  the  second  place,  all  the  waters 
in  this  region  flow  toward  that  side,  until  they  approach  the 
base  of  the  mountain  near  which  they  continue  till  they  find 
an  outlet  by  some  one  of  the  great  streams  that  carry  them 
through  the  mountains  and  finally  to  the  Atlantic  Ocean. 

Water  acting  alone  could  hardly  have  been  the  cause  of  the 
vast  amount,  and  peculiar  kind  of  denudation  we  find  extend- 
ing over  nearly  the  whole  6,000  square  miles  of  this  limestone 
valley,  unless  it  had  swept  over  it  in  one  vast  torrent  suffi- 
ciently ^eep  and  powerful  to  have  carried  whole  mountain 
chains  before  it  A  much  more  probable  hypothesis  is  that  ice 
as  well  as  water  was  an  important  agent  in  bringing  about  the 
great  changes  of  surface  that  have  given  this  valley  its  wonder- 
ful fertility. 

There  are  indications  throughout  this  whole  region  of  two 
great  flood  periods,  since  the  close  of  Paleozoic  time,  when  the 
great  Appalachian  revolution  left  the  vast  accumulations  of 
stratifiea  rocks  of  that  remote  age  in  essentially  the  same  rela- 
tive position  they  now  occupy.  But  further  notice  of  these 
must  be  postponed  for  the  present. 
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Art.  LVI. — On  the  Character  and  Intensity  of  the  Rays  emitted 
by  Glowing  Platinum ;  by  E.  L.  Nichols,  rh.D.  (Gottingen.) 

In  1860,  Kirchholf*  issued  his  well-known  paper  on  the  rela- 
tion between  the  capacity  of  bodies  for  emitting  and  for 
absorbing  raya  That  essay  made  a  new  epoch  in  the  science 
of  Eadiation.  It  oflfered  the  first  complete  proof  and  the  first 
univeraal  expression  of  a  principle  which  had  existed  in  the 
minds  of  scientists,  more  or  less  dimly,  since  the  days  of  Euler.f 

Although  the  results  of  that  treatise  have  been  repeatedly 
confirmed  by  the  experience  of  investigators  in  Optical  Science 
and  in  the  domain  of  Eadiant  Heat,  there  have  been,  so  far  as 
I  know,  in  spite  of  the  interesting  character  of  KirchhoflTs 
Function  I4  no  attempts  to  measure  its  values. 

*  Kirchhoff,  Poggendorffs  Annalen,  cix;  also,  *' Untennchmigeii  uber  dai 
SonneDBpectrum — Anbang." 

f  For  earlier  attempta  to  express  what  is  now  known  as  Kirchliofrs  Law,  see 
Emer,  Opuscula  Yarii  Argnmenti,  Berol  1746  (Nots  Theoria  Lucis  et  Colonuii, 
Gap.  V).  Pierre  Prevost,  Physische-meclianische  UntersuchungeD  uber  die 
Warme,  Halle,  1 798.  ADgstronif  PoprgendorfiTs  Annalen,  xciv.  fiidfoor  Stewart, 
Proceedings  of  the  Royal  Society  of  Edinburgh,  1857-68. 

}  In  the  abore-mentioned  treatise  E^irchhoff  gives  for  I  the  following  formula: 

where  (fig.  1)  Wx  and  Wt  are  the  projections  of  the  openings  (1)  and  (2)  in  the 
screens  81  and  S3,  upon  planes  perpendicular  to  the  axis  ot  a  pencil  of  rays,  wbidi, 
going  out  from  the  black  body  C,  passes  through  both  of  these  openings :  where 
Airther,  s  is  the  distance  between  the  two  openings,  and  e  the  emissiye  capacity 
of  a  black  body.  A  block  body  according  to  KirchhofE.  and  tiie  same  definition 
applies  to  the  term  when  used  in  this  paper,  is  a  body  which  even  when  of 
infinitesimal  thickness  absorbs  all  the  rays  falUng  upon  it  The  foUowing  short 
extract  from  KirchhofTs  paper  will  serve  to  define  clearly  what  is  to  be  understood 
by  the  terms  emistive  capacity^  absorptive  capacity^  etc. 

'*  Before  a  body  G  (fig.  1)  let  us  euppoae 

1  two  screens  Si   and  Sa  to  be  placed,   in 

^^_^____^^  rj)  A  which  are    the  openings  (1)   and  (2;,   of 

■  I  *^  infinitesimal  size  when  compared  with  the 

I  distance  between  them,  and  of  auch  shape 

I  g  that  each  of  them  may  be  said  to  have  a 

I  center.     Suppose  the  body  C  to  send  out 

t\\    \  .a  pencil  of  rays  through  these  two  opSDr 

'  'S"*  ings.     Of  this  pencil  of  rays  let  us  coii- 

sider  that  portion  the  wave  lengths  of  which  lie  between  "k  and  "k-^-dX,  and  let  its 
imagine  the  same  resolved  into  two  components,  polarized  in  the  planes  a  and  b. 
Let  the  planes  a  an<i  b  pass  tiirough  the  axis  of  the  pencil  of  rays,  and  let  Uiem 
be  perpendicular  to  one  another.  Let,  further,  EctX  be  the  intensity  of  the  oom- 
ponent  a,  or,  what  amounts  to  the  same  thing,  the  increase  which  the  kinetic 
energy  (Icbendifre  Kraft)  of  the  ether  behind  Qie  screen  S9  suffers  in  a  unit  of 
time  by  the  action  of  this  component.  The  quantity  E  is  called  the  emistivt 
capacity  of  the  body."    (§2  of  Kirchhoff  s  treatise.) 

'*  Suppose  the  body  0  to  be  black.  For  its  emissive  capacity,  which  in  general 
will  be  denoted  by  E,  we  shall  substitute  e."    (§4.) 

In  tlie  case  where  for  the  black  body  a  body  of  any  other  kind  is  substituted, 
the  equation  becomes : 
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It  is  the  purpose  of  this  paper  to  describe  a  series  of  such 
researches,  maae  in  the  Physical  laboratory  of  Professor 
Helmholtz,  at  Berlin. 

The  quantity  I  is  (see  preceding  foot-note)  a  function  of  the 
wave  lengths  of  the  ray  and  the  temperature  of  the  radiating 
body.  Its  study,  therefore,  involves  the  measurement  of  the 
intensity  of  all  wave  lengths  emitted  by  the  source  of  light  in 
question,  at  all  temperatures  for  which  the  rays  are  of  per- 
ceptible energy. 

The  nature  of  the  subject  demands  diflFerent  methods  of 
investigation  for  the  study  of  the  visible  and  of  the  invisible 
rays.  The  measurements  to  be  described  in  this  paper  are 
confined  to  the  visible  rays,  and  the  lowest  temperature  under 
consideration  is  that  at  which  bodies  begin  to  glow. 

Two  platinum  wires  100°*"  long  and  about  04"^  in  thickness, 
served  as  sources  of  radiation.  Each  formed  part  of  a  powerful 
galvanic  circuit,  in  which  the  current  was  produced  by  a 
jDunsen^s  battery.  The  resistance  of  each  circuit  could  be 
varied  by  introducing  or  withdrawing  copper  wire,  after  the 
principle  of  the  Wheatstone's  bridge.  One  of  these  bridges 
served  to  compensate  for  the  gradual  weakening  of  the  battery, 
so  that  the  glowing  platinum  could  be  maintained  at  a  constant 
temperature.  In  the  other  circuit  the  platinum  wire  could  be 
given,  by  means  of  the  bridge,  every  temperature  from  a  red 
heat  to  the  melting  point 

It  being  desired  to  keep  the  wire  in  the  first  circuit  at  a  con- 
stant temperature,  a  delicate  mirror  galvanometer  was  adjusted 
in  this  circuit,  by  means  of  a  very  weak  branch  current  This 
instrument,  when  carefully  compensated  with  a  bar  magnet, 
showed  by  the  motion  of  a  spot  of  light  upon  a  screen,  two 
and  a  half  meters  distant,  every  change  in  the  intensity  of  the 
current  and,  of  course,  in  the  temperature  of  the  wire.  The 
galvanometer,  when  properly  adjusted,  was  suflBciently  delicate 
to  show  unmistakably  very  much  smaller  changes  of  temperature 
than  could  be  detected  either  by  observing  witn  the  eye  changes 
of  color  in  the  wire,  or  by  studying  with  any  known  instrument 
the  changes  in  the  character  of  the  light  emitted.  Quite  as 
essential  to  success  as  the  constant  temperature  of  the  wires 
during  a  single  experiment,  is  the  ability  to  reproduce  in  the 
wires,  after  interruption  of  the  circuits,  exactly  their  former 
temperatures. 

Here  A  denotes  the  ratio  of  the  intensity  of  rays  absorbed  by  the  body  to  the 
whole  intensity  of  the  rays  falling  upon  it  In  other  words,  A  is  the  capacUy  of 
abaorpticn  of  the  body. 
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To  lessen  the  chances  of  error  I  used,  in  addition  to  the  cal- 
vanometer,  Kitao^s*  **  Leuooecope,"  an  instrumentt  admiraoly 
adapted  for  showing  qualitative  differences  in  the  character  of 
heterogeneous  rays.  I  used  the  original  instrument  described 
in  Kitao's  treatise.  The  leucoscope  is  essentially  a  polarizer, 
resembling  in  some  respects  Soleil's  saccharometer. 

"  N,  N,  (fig.  2)  are  two  Nicol's  prisms,  A,  A,  denote  two 


exactly  similar  rhombohedra  of  calcareous  spar,  <7  is  a  plate  of 
mica,  thin  enough  to  show  colors  of  the  first  order,  6  is  a  slit, 
the  width  of  which  can  be  altered  at  pleasure  by  means  of  an 
appropriate  adjustment.  Qi  Q,  are  two  quartz  plates,  cut  per- 
pendicularly to  the  optical  axis.  Q,  denotes  two  wedge-shaped 
quartz  plates  also  cut  perpendicularly  to  the  axis.  These  plates 
turn  the  plane  of  polarization  in  the  opposite  direction  from 
Qi  Or  0,  0,  0,  are  lenses,  the  focal  distances  of  which  are 
such  as  to  give  a  sharp  enlarged  image  of  the  slit,  and  of  dis- 
tant objects,  the  images  of  which  are  cast  upon  the  slit  by  the 
lens  C,.  These  parts  are  set  in  a  tube,  blackened  on  the  inside 
to  exclude  all  foreign  and  useless  light"  Light  entering  the 
instrument  is  polarized  at  N„  split  into  two  rays  by  the  rnom- 
bohedra,  so  as  to  form  a  double  image  of  the  slit  b.  As  the 
observer  rotates  the  ocular  Nicol  N„  the  action  of  the  mica  lamina 
and  of  the  quartz  plates  gives  to  the  two  halves  of  the  double 
image  different  tints,  alternating  between  red  and  green.  What' 
ever  be  the  character  of  the  ray,  a  thickness  of  quartz  can  be 
found  such  that  at  four  positions  of  the  ocular  Nicol,  distant  90** 
from  one  another,  the  two  halves  assume  the  same  neutral  tint. 
Kitao  calls  this  the  point  of  maximum  paleness.  This  thick- 
ness of  the  quartz  plates  varies  with  the  composition  of  the 
ray,  and  a  means  is  thus  afforded  of  detecting  minute  quali- 
tative differences  in  its  light  When  the  experimenter,  having 
adjusted  the  instrument  lor  a  particular  kina  of  heterogeneous 
light,  turns — without  changing  the  quartz  plate — to  the  observa- 
tion of  rays  which  diflfer  from  those  of  the  first  source,  he  finds 
that  the  position  of  the  ocular  Nicol  corresponding  to  the  max- 
imum of  paleness  differs  for  each  new  kind  of  light 

A  series  of  experiments  were  made  to  test  the  adaptability 

*  Diro  Kitao,  **  Ztir  Farbenlehre,  Inaugural-dissertation,  Gottingen,  1878. 

f  For  a  Aill  description  of  this  interesting  apparatus,  which  being  a  new  iuTen- 
tion  is  not  so  widelj  known  as  it  deserves  to  he,  I  must  refer  for  Iftck  of  spaoe  tp 
Xitao's  paper. 
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of  the  leucoscope  to  this  purpose.  Its  sensitiveness  is  best 
shown  by  the  final  test,  the  comparison  of  two  parts  of  the  same 
petroleum  flame.  These  portions,  a  cooler  and  a  warmer,  were 
so  similar  in  color  that  with  the  unaided  eye  no  difference 
could  be  detected.  The  mean  of  twenty  observations  with  the 
leucoscope  gave  for  the  position  of  the  ocular  Nicol, 

Table  L 

For  the  upper  part  of  the  flame 64*    4f 

For  the  lower  part  of  the  flame «  62    16 


Biflerenoe 1    48 

From  this  it  is  evident  that  differences  in  the  quality  of  rays 
no  longer  visible  to  the  eye,  can  be  detected  with  the  leucoscopa 
The  two  platinum  wires  having  been  given  the  desired  tem- 
perature by  a  proper  adjustment  of  the  W heatstone's  bridges, 
any  change  in  the  character  of  the  light  could  be  at  once  noticed 
by  means  o^the  galvanometer  and  leucoscope ;  and  it  was  easy 
to  determine  whether,  during  the  twelve  to  fifteen  minutes 
course  of  a  single  experiment,  any  important  change  was  caused 
by  the  loss  of  energy  in  the  battery.  Experience  showed  that 
tiie  loss  of  intensity  during  a  single  experiment  was  so  small 
that  it  could  be  left  out  of  account 

II. 

The  experiments  to  be  described  in  this  paper  were  simply 
spectro-photometric  comparisons  of  the  light  emitted  by  the  two 


wirea  One  of  the  wires  was  given  successively  various  tem- 
peratures between  1200°  and  1900®  of  the  platinum  thermom- 
eter,* and  all  visible  wave  lengths  radiated  by  this  wire  were 
compared  with  the  corresponding  rays  from  the  other. 

*  See  page  451. 
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The  spectro-photometer  used  agreed  with  the  already  existing 
instruments  in  permitting  the  direct  comparison  of  similar  rajs. 
The  two  horizontally  dispersed  spectra  were  vertically  one 
above  the  other,  so  that  in  both  ec^ual  wave  lengths  lay  in  the 
same  line.  It  diflFered,  however,  m  various  particulars  from 
the  spectro-photometers  of  Vierordt,  Glan,  and  Hiifner.  The 
slit  is  bisected  by  the  finely  ground  edge  of  the  small  rec- 
tangular prism  p^  (fig.  8).  The  lens  l^  throws  an  image  of  the 
glowing  platinum  wire  w^  upon  the  lower  half  of  the  slit 
The  rays  of  the  other  wire,  w„  after  total  reflection  in  the 
prism  ^1,  passage  through  the  convex  lens  Z,  and  a  second 
total  reflection  in  the  small  prism  p„  form  a  similar  image 
upon  the  upper  half  of  the  slit  This  pencil  of  rays  is  not 
polarized,  whereas  the  rays  from  w^  are  polarized  by  passing 
the  NicoPs  prism  n.  Both  sets  of  rays  after  passing  tne  col- 
limator tube,  the  large  dispersing  prism,  the  telescope  and  the 
ocular  Nicol,  reach  the  eye  in  form  of  two  spectra,  lying  side 
by  sida  When  the  two  sources  of  light  are  of  equal  intensity, 
and  the  planes  of  polarization  of  the  two  Nicols  are  parallel, 
the  rays  from  w^  suffer  less  loss  in  transmission  to  the  eye,  and 
give  in  consequence  the  brightest  spectrum.  Its  intensity  for 
all  positions  of  the  Nicol  is  given  by  the  formula 

I  =  cos*  or,  (8) 

where  a  is  the  angle  between  the  planes  of  polarization  of  the 
Nicols.  The  measurements  were  made  by  turning  the  ocular 
Nicol  until  the  rays  in  the  two  spectra  were  equally  bright 
My  experience  in  the  use  of  the  instrument  was  but  a  repetition 
of  that  of  former  observers.  The  varying  delicacy  of  the  eye 
at  different  times  and  for  different  colors,  especially  in  the 
study  of  the  extreme  red  and  violet  rays,  influenced  greatly 
the  accuracy  of  the  measurements. 

An  ordinary  micrometric  scale,  such  as  are  generally 
attached  to  spectroscopes,  was  used  to  mark  the  various  spec- 
tral regions  to  be  studied,  and  the  position  of  the  principal 
Fraunhofer's  lines  upon  this  scale  having  been  carefully  noted, 
it  was  made  fast,  ana  not  moved  again  during  the  whole  course 
of  the  investigations.  These  positions,  according  to  the  mean 
values  of  sixteen  readings  for  each  line,  were  as  follows : 

Table  H. 


Lines. 

Bcal6<^iTlstoiit. 

Llnet. 

BCft1<HllTltlOII«. 

A 

7-36 

b 

12-84 

B 

8-06 

P 

14-63 

0 

8-74 

G 

19-03 

D 

9-96 

H 

23-28 

E 

12-37 

•  ••  • 



III. 

The  accurate  determination  of  the  temperature  of  a  glowing 
platinum  wire,  presents  serious  difficulties.     Eepeated  attempts 
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to  use  Matthiesen's  formula  for  the  change  of  electric  resistance 
with  the  temperature,  only  showed  the  impracticability  of  this 
method. 

Only  the  middle  portion  of  a  glowing  wire  can  be  said  to  be 
of  equal  temperature  throughout  If  we  measure  the  resistance 
of  the  wire  when  hot  and  cold  (in  itself  no  easy  task),  the 
change  corresponds  to  a  difference  of  temperature  which  gives, 
so  to  speak,  the  m^ean  temperature  of  the  whole  wire ;  a  quantity 
which  must  then  be  used,  together  with  h  and  k  (inner  and 
outer  conductivity  of  the  metal),  and  with  the  dimensions  of 
the  wire,  in  the  calculation  of  the  distribution  of  temperature 
throughout  its  various  parts.  Aside  from  the  difficulty  of  find- 
ing an  applicable  expression  for  this  distribution,  our  imper- 
fect knowledge  of  the  quantities  h  and  k  for  platinum,  as  func- 
tions of  the  temperature,  would  render  the  calculation  of  doubt- 
ful value. 

The  method  finally  adopted  was  to  measure  directly  the 
expansion  of  the  wire.  By  observing  it  from  end  to  end  with 
the  leucoscope,  while  glowing,  it  was  found  that  for  a  portion 
in  the  middle,  about  60°*"  long,  the  light  radiated  was,  for  the 
whole  distance,  of  like  character.  This  then  was  the  greatest 
admissible  length  of  the  piece  to  be  measured.  In  reality  the 
section  chosen  was  much  shorter  (45"*"),  so  that  certainly  within 
its  limits,  only  imperceptible  differences  of  temperature  occurred. 

A  degree  of  the  platinum  thermometer  may  be  defined  as 
that  change  of  temperature  which  causes  in  a  platinum  wire  a 
linear  variation  of  1 : 1-00000866.  Then  for  a  wire  45""  long, 
one  degree  corresponds  to  an  expansion  of  about  0*0004"",  and 
it  was  desirable  in  determining  the  temperature  to  be  able  to 
measure  its  length  to  within  a  few  ten-thousandths  of  a  milli- 
meter. For  this  purpose  I  used  a  finely  constructed  Helm- 
holtz's  Opthalmometer ;  the  following  description  of  which  is 
taken  from  Helmholtz's  "Handbuch  der  ph^siologischen 
Optik,"  (p.  8).  **The  opthalmometer  is  essentially  a  teles- 
cope arranged  for  short  distances,  before  the  objective  lens  of 
which  two  glass  plates  stand  side  by  side,  so  that  one-half  of 
the  lens  looks  through  the  one,  the  other  half  through  the  other 
plate.  When  both  plates  are  in  a  plane  perpendicular  to  the 
axis  of  the  telescope,  there  appears  a  single  image  of  the  object 
in  view.  Let  them  be  turneda  little,  however,  toward  opposite 
sides,  and  the  single  image  divides  into  two  halves  of  a  double 
image;  the  distance  between  which  increases  with  the  angle 
between  the  plates.  This  distance  can  also  be  calculated  from 
the  angle  which  the  plates  make  with  the  axis  of  the  telescope." 

If  a  ray  pass  obliquely  through  a  glass  plate  its  displace- 
ment S  will  be,  (fig.  4), 
Am.  Joub.  Sot.— Third  Sbbibs,  Vol.  XVm.— No.  108,  Dbo.,  1879. 
29 
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cosr  ^  ' 

where  a  denotes  the  thickness  of  the  plates, 

i  denotes  the  angle  of  incidence, 

r  denotes  the  angle  of  refraction. 
Eliminating  r  the  equation  becomes, 

^j.    /       sin'f      ^  .    ./     /"      ain't    co8t\  ,. 

SVl--,-='rBxm[\/l--^.—j  (6) 

where  n  is  the  index  of  refraction. 

The  use  of  the  opthalmometer  oflTers  great  practical  advan- 
tages over  other  micromeiric  methods,  in  that  tne  angles  corres- 
ponding to  any  given  distances  are  independent  of  the  distance 
of  the  object  measured,  and  in  that  any  slight  unsteadiness  of 
the  object  does  not  affect  the  accuracy  of  the  determination. 


The  two  end-points  a  and  b  (fig.  6)  of  the  bit  of  wire  to  be 
measured,  were,  as  already  stated,  about  45°^  apart;  and  some 
especial  contrivance  was  therefore  necessary  to  bring  both  of 
them  at  once  into  the  field  of  the  opthalmometer.  A  system 
of  rectangular  prisms  PjPjP'iP',  arranged  as  shown  in  fig.  5 
served  this  end.  After  two  total  reflections  the  images  a^b^ 
were  nearly  coincident  Angle  readings  with  the  opthalmom- 
eter are  only  possible  to  tenths  of  a  degree,  and  I  found  that  6' 
corresponded  to  a  distance  of  0  008™  To  obtain  greater  deli 
cacy  I  made  use  of  a  biconvex  lens  of  as  great  magnifying 
power  as  the  case  permitted.  There  was  a  limit  to  the  possi- 
ole  enlargement,  since  with  too  large  an  image  the  expansion 
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of  the  wire  when  heated  sufficed  to  carry  its  ends  out  of  the 
field  of  vision.  In  order  that  any  unsteadiness  of  the  wire 
might  remain  without  influence  on  the  measurements,  the  lens 
was  attached,  not  to  the  opthalmometer,  but  together  with  the 
set  of  prisms  upon  the  iron  holder  of  the  wire,  so  that  possible 
jarring  would  effect  rather  the  position  than  the  size  of  the 
imaga  The  second  advantaee  of  the  instrument,  that  the 
reduction  of  angle  readings  to  linear  distances  is  the  same  what- 
ever be  the  distance  of  the  object  from  the  eye,  unfortunately 
disappears  when  the  lens  is  used.  The  apparent  distance 
between  the  images  a^b^  changes  with  the  distance  of  the 
opthalmometer  from  the  lens  so  that  it  was  necessary  to  adjust 
the  instrument  once  for  all,  and  to  keep  it  unchanged  during 
the  entire  series  of  experimenta  When  a  lens  is  used,  the 
formula  (6)  iristead  of  giving  the  real  distance  a,  6„  expresses 
merely  the  apparent  distance  between  the  images  of  a  and  b  in 
the  field  of  sight.  The  simplest  modification  consists  in  sub- 
stituting another  constant,  which  we  shall  denote  by  c  for  a. 
The  value  of  this  constant  was  determined  by  exchanging  the 
wire  for  a  millimeter  scale  and  noting  the  angles  corresponding 
to  displacements  of  the  double  images  of  J,  J,  etc.,  divisions  of 
this  scale.  The  scale  was  of  boxwood  and  the  half  millimeters 
were  marked  by  fine  lines.  The  following  table  gives  the 
angles  corresponding  to  linear  displacements  of  J,  J,  etc.  milli- 
meters.    Eacn  result  is  the  mean  of  six  readings. 


Table  IBL 

s 

t 

0126"»» 

17'    3'    0' 

0-260 

32    24     0 

0-376 

44    64     0 

0-600 

66    22   12 

0-626 

64    46    12 

0-760 

72    28    12 

If  in  formula  (6)  c  is  substituted  for  a  and  values  from  the 
above  table  for  S  and  t,  we  obtain,  n  being  known,  from*  the 
equation, 

_^  /"      sin^i'          .    ./      /      sin't      C08»\  ,^. 

S\/l— ;;F-  =  ^Bint^V^].--5 ;;-;  (6) 

the  numerical  solution, 

c=l-08097"^"». 

All  the  data  necessary  to  the  measurement  of  the  distance  a,  ft, 
were  thus  at  hand.  The  distance  ab^  (fig.  5)  is.  however, 
a, 6,  -f  mm,.  Now  the  points  m  and  m,  are  coincident  in  the 
field  of  the  opthalmometer,  appearing  to  lie  at  m, ;  and  their 
real  distance  can  be  measured  by  simply  observing  the  double 
images  of  the  above-mentioned  scale  as  they  appeared  in  the 
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field  of  sight.  Images  of  two  parts  of  the  scale  were  brought 
by  total  reflections  in  the  set  of  prisms  into  the  field  (see  fig.  6)^ 
the  portion  lying  between  divisions  19^  and  20^,  and  overlapp- 
ing this  the  portion  from  division  64  to  65.  Now  turning  the 
plates  of  the  opthalmometer  until  the  lines  20  and  64*6  coincided, 
which  occurred  when  the  angle  was,  according  to  three  suc- 
cessive readings,  29°-12',  29°-18^  29°12',  sufficed  to  show  how 
much  the  distance  m  m,  exceeded  44 'S"^. 
From  formula  (6)  we  find, 

mm,  =  44-55748°''", 
to  which  quantity  it  was  only  necessary  to  add  for  any  state  of 
the  wire  the  directly  obtainable  value  a^  6,,  in  order  to  know 
a 6,  the  length  of  the  piece  of  wire  in  question. 

6.  7.  8. 


Cold  wire. 


Hot  wire. 


Having  chosen  a  and  b  as  the  end  points  of  the  wire  to  be 
measured,  it  was  necessary  in  some  way  to  mark  them,  so  that 
when  the  wire  was  magnified  the  boundary  lines  should  appear 
sharp,  and  at  the  same  time  be  uninfluenced  by  the  highest 
temperatures  to  which  the  metal  was  to  be  submitted.  An 
indentation,  be  it  ever  so  fine,  will  not  only  influence  the  tem- 
perature of  the  wire,  but  will  even  cause  it  to  melt  and  break 
before  the  other  portions  have  acquired  the  proper  degree  of 
heat  A  ridge  has  the  opposite  efiect,  causing,  in  consequence 
of  the  increased  conductive  power,  a  dark  ring  upon  the  glowing 
metal.  I  employed,  among  other  devices,  minute  glass  beads, 
fused  upon  the  wire  in  the  desired  places.  This  plan  served 
very  well  at  low  temperatures,  as  it  gave  sufficiently  sharp 
boundaries  of  demarkation ;  but  as  the  heat  increased,  the 
melting  of  the  glass  next  the  metal  destroyed  the  fineness  of 
the  boundary.  It  even  happened  at  times  that  the  entire  bead 
would  slip  along  to  a  new  position  on  the  wire.  The  following 
method,  on  the  contrary,  answered  admirably.  At  the  proper 
points  simple  loops  of  exceedinglv  thin  platinum  wire*  (0*08"*" 
in  diameter)  were  thrown  around  the  larger  wira  The  latter 
having  been  brought  to  a  white  heat  by  means  of  the  current, 
the  loops  were  drawn  tight  at  their  appointed  places.  The 
*  This  wire  is  prepared  for  use  in  the  construction  of  electrometers. 
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small  wire,  fine  as  a  fiber  of  raw  silk,  and  scarcely  visible  to 
the  naked  eye,  melted  on  touching  the  hot  metal  and  became 
fixed  upon  its  surface.  The  whole,  seen  through  the  micro- 
scope, appeared  as  in  figs.  7  and  8.  Since  all  the  observations 
were  maae  in  a  dark  room,  where,  in  the  case  of  the  cold  wire, 
the  marks  would  have  been  invisible,  two  small  gas-flames 
were  so  placed  that  their  rays,  reflected  from  the  loops  of  wire, 
appeared  in  the  dark  field  of  vision  like  two  fine  points  of  light 
Such  was  the  apparatus  by  means  of  which  the  temperatures 

fiven  in  the  table  of  results  were  measured.  It  afforded  all 
esired  accuracy.  The  opthalmometer  is  free  from  many  errors 
which  by  cathetometric  and  micrometric  measurements  are 
unavoidable. 

The  temperatures  used  varied  fi'om  1200°  to  1900°  of  the 
platinum  thermometer.  Shortly  after  passing  the  latter  point 
the  platinum  suffered  a  change  of  condition.  It  did  not  melt; 
but  the  wire  lost  its  stiffness,  hung  down  limp,  scarcely  holding 
together,  and  quivered  when  jarred  like  jelly.  Under  these 
circumstances  measurements  became  unreliable.  The  very 
small  weight*  which  hung  at  the  lower  end  suflSced,  as  soon 
as  the  current  became  a  trifle  stronger,  to  stretch  the  wire  in  its 
weakest  place.  The  conducting  power  being  thus  diminished, 
the  temperature  would  rise  very  rapidly  until  after  glowing 
brilliantly  for  a  moment,  the  platinum  would  melt  and  the 
wire  break. 

IV. 

Before  the  beginning  of  the  experiments  the  two  wires  were 
adjusted  in  their  iron  holders  before  the  slit  of  the  spectro- 
photometer, which  having  been  brought  into  its  proper  place 
and  sealed  fast,  was  not  moved  during  the  whole  course  ot  the 
investigation.  The  opthalmometer  also,  having  been  placed  in 
the  position  most  advantageous  for  the  measurement  of  the 
expansion  of  the  platinum  wire,  remained  undisturbed  through- 
out all  the  experiments.  The  leucoscope  was  set  up  two  meters 
distant  from  the  two  wires. 

The  galvanic  circuits  of  which  the  wires  formed  a  part 
having  been  closed,  and  the  few  minutes  necessary  for  the 
attainment  of  a  constant  temperature  having  elapsed,  the  deflec- 
tion of  the  galvanometer  and  the  condition  of  the  constant  wire 
as  indicated  by  the  leucoscope  were  noted.  The  temperature 
of  the  other  wire  was  determmed  by  the  method  described  in 

*  If  botii  ends  of  a  cold  platmum  wire  be  fastened,  and  the  wire  be  made  to 
glow,  the  expansion  resulting  from  this  change  of  temperature  suffices  to  move  its 
center  considerably  from  its  original  position.  To  avoid  disturbance  from  this 
cause  I  fastened  only  one  end  of  my  wires,  and  inserted  the  lower  ends  into  short 
copper  rods,  which  dipped  into  smdl  vessels  of  mercury.  To  prevent  heating,  the 
mercury  vessels  were  placed  in  cold  water. 
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the  last  paragraph,  aud  then  the  spectro-photometric  comparison 
of  the  rays  emitted  by  the  two  wires  carried  out  as  rapidly 
and  accurately  as  possible.  Beginning  with  the  wave  lengths 
denoted  by  the  scale-division  8  (see  Table  II),  this  being  the 
point  nearest  the  red  end  of  the  spectrum  at  which  satisfactory 
results  could  be  obtained,  the  intensities  of  the  two  spectra 
were  compared  in  the  spectral  regions  corresponding  to  divi- 
sions 9,  10,  etc.,  to  19  in  the  neighborhood  oi  line  G^  succes- 
sively. Beyond  19  no  accurate  readings  were  possible.*  The 
same  measurements  were  then  made  in  reverse  order,  from 
violet  to  red,  and  finally  a  second  time  from  red  to  violet,  and 
the  mean  values  of  these  readings  used. 

After  the  completion  of  these  readings  the  temperature  of 
the  wire  was  again  taken,  first  in  its  glowing  condition,  and 
then,  the  circuit  having  been  broken  and  time  allow«i  for 
cooling,  while  cold.  The  deflections  of  the  galvanometer  and 
the  temperature  of  the  room  were  next  noted,  and  last  of  all 
the  constant  wire  again  observed  through  the  leucoscopcL 
Whenever  a  diflference  in  the  measurements  before  and  after 
an  experiment  pointed  to  a  change  of  temperature  in  either 
wire,  the  experiment  was  set  aside  as  imperfect 

The  readings  given  in  the  following  taole  will  suffice  to  show 
the  general  character  of  the  measurements. 


10 


11 


12 


13 


Table 

iv.t 

leading 

^8.             Mean. 

90'*-o.    * 

Intensity. 

37"  0 

37<>00 

36  -8 

20"  36'    0' 

1238 

37  -2 

36  -0 

36  -3 

36    10 

19    42     0 

•1136 

36    0 

32  -6 

32-  97 

33  -5 

16    34   12 

•08133 

32  -9 

30    0 

30  -33 

30    0 

IH    56     0 

•06798 

31    0 

29  -0  J 

28  -97 

28  -9 

12    34  12 

04736 

29    0 

27  -5^ 

27  -4 

27   -30 

10    54     0 

03676 

27    0 

*  For  the  lower  temperatures  used,  the  spectrum  was  not  Tisible  even  to  line 
G,  and  measurements  could  only  be  carried  out  up  to  the  scale^vision  nearest  the 
limit  of  the  visible  rays. 

f  The  figures  in  the  column  marked  "  Readings  "  denote  the  position  of  the 
pointer  attached  to  the  ocular  Nicol.  Subtracting  from  the  mean  of  these  readings 
for  each  part  of  the  spectrum  the  position  of  the  pointer  when  the  Nicols  are 
crossed,  the  quantity  90*—  a  is  obtained.  90°—  a  being  the  angle  between  the 
planes  of  polarisation  of  the  two  Niools. 
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Scale-divisions. 

Readings. 

26  -9 

14 

26  -7   . 

26  -4 

24  -0 

16 

23  -3   . 

24  -3 

24  -0 

16 

23  -6   . 

24    0 

n 



18 

- .  - . 

19 



Mean. 


26  -33 


23  -87 


23  '83 


90''-a. 


9    66     0 


7    28   12 


7    26  48 


Intensitj. 
•02976 


•01696 


•01600 


40''-3 


40''-4 
66  -6 
29*^-6 

40m 

10. 


From   the  17th   division   onward   the  intensities  were  too 
small  to  allow  of  further  measurements. 

The  other  readings  in  the  above  experiment  were  as  follows: 

Before, 

Leucoeoope-readings 40** '6 

Opthalmometer-readings  (for  the  hot  wire, 66 

Ajter. 

Leutjoscope-readings 40''-6 

Opthalmometer-readings  (for  the  hot  wire) 66  '6 

Opthalmometer-readings  (for  the  cold  wire) 29°*4        29'-5 

Movement  of  the  galvanometer  during  the  experiment* 

Temperature  of  the  room 20 

Applying  the  above  readings  in  formula  (6)  we  find  as  tempera- 
ture of  the  hot  wire  1539°'5  (of  the  platinum  thermometer).  I 
succeeded  in  obtaining  thirteen  such  series  of  measurements  at 
temperatures  varying  from  1932°  to  1201°,t  and  covering  wave 
lengths  from  scale-division  8  and  the  end  of  the  visible  spectrum 
in  the  direction  of  the  violet  These  results  are  given  in  the 
column  marked  "Observed,"  Table  V.  They  can  be  approxi- 
mately represented  by  curves  the  abscissae  of  which  are  tem- 
peratures and  whose  ordinates  are  the  corresfjonding  quantities 
in  the  column  marked  "Calculated."  The  differences  between 
the  observed  and  calculated  values  are  given  in  a  separate 
column. 

Table  V. 


Region  8  on  KirchhofiTs  Scale  609*1. 


Temp.  (*)     ObMrved.      Calc. 


12011 

0001 

0-004 

1266-9 

0-006 

0-006 

1368-3 

0-041 

0-026 

1426-4 

0030 

0-037 

1639-6 

0123 

0*146 

1618-6 

0-288 

0-267 

Dlff. 
+  -006 
+  -001 
+  -016 
4-007 
—  OOH 
+  •037 


Temp.  (») 
1628-8 
16530 
1769-6 
1901-7 
1932-7 


Observed. 
0-290 
0-383 
0-623 
1-421 
1-760 


Calc. 
0*288 
0-360 
0-623 
1-417 
1-969 


Diff. 
+  •002 
+  -033 
-000 
+  004 
+  -001 


*  A  movement  of  the  spot  of  light  over  1*25  meterg  corresponded  to  a  change 
of  temperature  in  the  wire  sufficient  to  be  detected  by  the  leuooscope.  4*" 
denoted  a  negligible  decrease  in  temperature. 

f  Draper  (Philosophical  Magazine,  m,  346)  gives  525*'  0.  as  the  point  of 
temperature  at  which  visible  rays  begin  to  appear.  Granting  the  accuracy  of  this 
measurement,  we  find  a  long  interval  of  at  least  600^  within  which  the  intensity  of 
even  the  red  rays  is  eiceedinglj'  small  compared  to  their  intensity  at  1900*.  So 
far  as  the  present  method  goes,  they  are  immeasurably  small, 
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Region  9  on  KirchhofPs  Scale  813. 


Temp.  (*> 

Obserred. 

Calc. 

Dlff. 

Temp.  (•) 

Obtenred. 

Gale. 

Diff. 

120M 

0*004 

0003 

+  •001 

1663*0 

0*296 

0-296 

—■001 

1256-9 

0-004 

0  004 

-000 

1689-7 

0-341 

0-389 

-048 

1358-3 

0003 

0-020 

--0165 

1769-6 

0*680 

0-582 

-■002 

1426-4 

0-0185 

0033 

---016 

1901*7 

1*411 

1-409 

+  •002 

1639-6 

0-113 

0106 

+  •008 

1932-7 

1*740 

1-739 

+  •001 

1618-5 

0-241 

0-230 

+  011 

Region 

10  on  Kirchbofirs  Scale  1007. 

12011 

0-004 

00028 

+  -0012 

1628*8 

0*207 

0-216 

-•009 

1256-9 

0*003 

00036 

-*0006 

16636 

0-249 

0-257 

-008 

1358-3 

0-023 

0-018 

+  006 

1769*6 

0-672 

0-565 

+  •007 

1426-4 

0-0162 

0-026 

-•0088 

1901*7 

1-396 

1*370 

+  -025 

1539-6 

0*081 

0086 

-•005 

1932-7 

1-698 

1*696 

+  •003 

1618-5 

0-199 

0-198 

+  001 

Region 

11  on  KirchhoflTB  Scale  1221. 

1201-1 

0-003 

0*0025 

+  0005 

1628*8 

0-204 

0197 

+  •007 

1256-9 

0*003 

0*003 

•000 

1653-6 

0-241 

0*240 

+  •001 

1358-3 

00181 

0*0126 

+  -0056 

1689-7 

0-307 

0*314 

—•007 

1426-4 

00161 

00189 

-0038 

1759-6 

0-545 

0-636 

+  •009 

1504-8 

0*048 

0047 

+  -001 

1901-7 

1-339 

1*330 

-•Oil 

1539-5 

0*058 

0-076 

-018 

1932-7 

1668 

1*666 

+  •002 

1618*5 

0-170 

0-170 

-000 

Region 

12  on  Kinrhholf  8  Scale  1422. 

1201-1 

0-003 

0*002 

+  001 

1618-5 

0*130 

0*136 

-•006 

1266-9 

0*002 

0-0026 

-0006 

1653-6 

0*220 

0*200 

+  •020 

1358-3 

0*014 

0*010 

+  004 

1689*7 

0267 

0*271 

-004 

1426-4 

0*013 

0-012 

+  -001 

1759-6 

0-623 

0-486 

+  037 

1604-8 

0-0139 

0-0136 

+  0003 

1901-7 

1-376 

1*313 

+  002 

1539*5 

0-047 

0-063 

-016 

1932*7 

1*666 

1*666 

+  001 

Region 

13  on  Kirc 

hhofPs  Scale  1629. 

12011 

0002 

0*0015 

+  0006 

1628-8 

0*154 

0*140 

+  014 

1368-3 

0-008 

0-007 

+  *001 

1663-6 

0-161 

0-173 

-012 

1426*4 

0-009 

0-008 

+  •001 

1689-7 

0-236 

0-240 

—  004 

1504-8 

0036 

0020 

+  016 

1901-7 

1*225 

1-226 

•000 

1639-6 

0036 

0038 

— -002 

1932-7 

1-620 

1*610 

+  010 

1618*6 

0-109 

0-125 

-016 

Etegion 

14  on  Kiro 

taholf  8  Scale  1833. 

12011 

0*001 

0-001 

-000 

1653-6 

0-154 

0-151 

+  •003 

1358*3 

0*006 

0-005 

+  •001 

1689*7 

0-208 

0-210 

-•002 

1426-4 

0-007 

0007 

•000 

1759*6 

0409 

0*400 

+  •009 

1504-8 

0029 

0-022 

+  007 

1901-7 

1-180 

1176 

+  004 

1618-5 

0091 

0-101 

-•010 

1932*7 

1-695 

1-590 

+  005 

1628-8 

0-133 

0-118 

+  •015 

Region 

16  on  Kirc 

hhoif  8  Scale  2037. 

1358-3 

0005 

0-006 

•000 

1628-6 

0-114 

0099 

+  016 

1426-4 

0-006 

0-006 

•000 

1653*6 

0*153 

0130 

+  •023 

1504-8 

0*019 

0*013 

+  •006 

1759-6 

0*361 

0*360 

+  001 

15395 

0*018 

0*016 

+  003 

1901-7 

1-160 

1*146 

+  004 

1618-8 

0-073 

0-080 

-•007 

1932-7 

1*550 

1*650 

•000 

Region 

16  on  Kirc 

hhoff'B  Scale  2241. 

1358-3 

0*004 

0-004 

•000 

1628*8 

0074 

0-069 

+  005 

1426-4 

0006 

0*006 

+  001 

1689-7 

0132 

0*133 

-001 

1604*8 

0013 

0-010 

+  *003 

1769-6 

0*304 

0-304 

•000 

1539-5 

0-017 

0-017 

*000 

1901*7 

0-959 

0-960 

-•001 

1618*6 

0-067 

0-059 

+  -008 

1932*7 

1-506 

0-508 

-•002 
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Region  1*7  on  EirchhofTs  Scale  2445. 


Temp,  n 

Ob«ePTed. 

Cfclc. 

Dlir. 

Temp,  n     Observed, 

Calc. 

Dlff. 

1604-8 

0-010 

0-009 

+  •001 

1759-6         0-290 

0-280 

+  •010 

1539-5 

0-017 

0-016 

+  •002 

1901-7         0-891 

0-891 

•000 

1618-5 

0064 

0066 

-•002 

1932-           r320 

1-321 

-001 

1689-7 

0108 

0-108 

•000 

Region 

18  on  Kirchhoffs  Scale  2648. 

1663-6 

0067 

0-060 

+  017    1  1901-7         0-795 

0-799 

--004 

1689-1 

0-112 

0-080 

+  032       1932-7         1-249 

1-249 

-000 

1769-6 

0-274 

0-240 
Region 

+  •034 
19  on  KirchhofPs  Scale  2863. 

1689-7 

0-060 

0069 

+  •001       1901-7         0-760 

0-760 

•000 

17696 

0-207 

0-202 

+  006 

1932-7         1-203 

1-200 

+  •003 

The  size  of  the  above  differences  bears  witness  to  the  difficul- 
ties which,  aside  from  those  which  are  unavoidable,  even  in  the 
study  of  the  most  favorable  colors  at  intensities  best  adapted  to 
the  eye,  stand  in  the  way  of  accurate  results.  At  the  lowest 
temperatures,  where  the  weaker  spectrum  had  only  a  few  thou- 
sandths the  intensity  of  the  other,  exactness  was  quite  out  of 
the  question.  How  vastly  the  eye  varies  in  delicacy  according 
to  the  color  of  the  light,  is  shown  by  the  following  measure- 
ments of  the  intensity  of  various  rays  necessary  to  produce  in 
the  eye  the  perception  of  color.  One  finds  upon  turning  the 
ocular  Nicol  from  the  position  of  maximum  brightness  to  that 
where  the  ray  becomes  completely  extinguished,  that  in  the 
case  of  the  red  rays  on  the  one  hand  and  of  the  blue  and  violet 
on  the  other,  this  point  is  much  sooner  reached  than  with  the 
yellow  and  green  rays.  The  position  of  the  ocular  Nicol, 
at  which  each  ray  of  the  spectrum  disappears,  is  given  in  the 
column  marked  "90°— a"  of  table  VL  The  corresponding 
intensities  are  shown  under  "sin'(90— a)"  and  in  the  column 
marked  **  optical  action"  is  given  the  power  of  the  respective 
rays  upon  tne  eye. 

Table  VI. 


«IOII. 

(90- ar 

Bin*  (90- a) 

Optical 
action. 

Begion. 

(90- ay 

iln*(»-a) 

Opttcal 
action. 

7 

7-32 

0-01719 

0-1782 

14 

3-54 

0-04620 

0-0662 

8 

1-46 

0-00932 

0-3284 

15 

60 

0-07592 

0-0432 

9 

1-6 

0-00363 

0-6601 

16 

7-24 

0-16660 

0-0184 

10 

10 

0-00306 

1-0000 

17 

8-30 

0-21600 

00142 

11 

2-6 

0-01340 

0-2281 

18 

9-36 

0-27801 

0-01117 

12 

2-18 

001611 

0-1900 

19 

12-36 

0-44662 

00068 

13 

2-42 

0-02221 

0-1380 

20 

15-36 

0-72320 

0-0023 

These  results  are  introduced  here,  to  show  with  what 
immense  subjective  differences  we  have  to  do  in  studying  the 
visible  spectrum.  However  valuable  such  researches  might 
prove  to  show  remarkable  variations  of  the  eye  with  regard  to 
its  perceptive  power  for  various  colors,  these  very  changes  ren- 
der the  experiments  useless  in  the  investigation  of  the  real 
energy  of  the  rays  themselves. 
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Id  table  V  the  intensities  of  the  various  wave  lengths  for  all 
the  temperatures  in  question  are  expressed  in  terms  of  the 
intensities  of  corresponding  wave  lengths  of  a  similar  spectrum 
of  constant  but  unknown  temperature.  For  each  individual 
ray,  the  measurements  give  the  change  of  intensity  resulting 
from  a  given  change  of  temperature;  but  since  the  relative 
intensity  of  the  various  wave  lengths  of  the  spectrum  of  con- 
stant temperature  are  unknown,  it  is  impossible  to  compare  rays 
of  diflferent  wave  length  with  each  other. 

Before  describing  the  way  in  which  all  the  above  results 
were  reduced  to  a  common  basis  for  the  purpose  of  comparison, 
a  clear  definition  of  the  expression  ** intensity  of  ray"  as  used 
in  this  paper  is  desirable. 

It  is  first  of  all  essential  to  distinguish  between  the  intensity 
of  the  ray  itself  and  the  intensity  of  its  various  eflfects  upon 
bodies  upon  which  it  may  falL  It  is  usual  to  define  as  the 
intensity  of  the  ray  itself,  its  energy  of  vibration  or  the  square 
of  the  amplitude  of  vibration.  Kirchhoff  however  (§  2  of  his 
above  mentioned  treatise),  defines  as  the  energy  of  the  ray  pass- 
ing the  openings  of  the  screens  Sj  and  S,  (fig.  1)  the  increase  in 
a  unit  of  time  of  the  vis  viva  of  the  ether  behind  the  second 
screen.  This  definition  is  the  more  appropriate  to  the  case  at 
hand.  Suppose  that  for  the  opening  S,  a  black  body  be  sub- 
stituted, in  accordance  with  the  principle  of  the  Conservation 
of  Energy,  as  expressed  in  the  usual  equation, 

T,-T,=  /^*:S(X^  +  Yt?y-f  Z(fe)  =  U,  (7) 

where  T,  and  T^  are  the  energy  {lebendige  Krafi)  before  and 
after  the  interval  of  time,  and  U ,  denotes  the  work  performed  ; 
the  increase  in  energy  in  the  body  equals  in  the  unit  of  time, 
the  work  performed  by  the  action  of  the  ray.  We  may  then 
consider  this  work  as  the  measure  of  the  intensity  of  the  ray 
itsell  Suppose  further,  the  body  be  molecularly  so  constituted 
that  no  chemical  action  takes  place,  that  in  short  the  entire 
energy  of  the  ray  be  converted  mto  heat  The  amount  of  heat 
produced  may  in  this  case  be  taken  as  the  measure  of  the  inten- 
sity of  the  ray  itself.  This  heat,  as  denoted  by  the  change  of 
temperature  of  the  body,  is  the  result  of  what  is  termed  the 
thermal  action  of  the  ray,  so  that  the  intensity  of  the  ray  itself, 
which  I  shall  call  the  mechanical  intensity  of  the  ray,  because  it 
is  directly  expressible  in  units  of  work, — is  proportional  to  the 
intensity  of  the  thermal  action,  or  the  thermal  intensity  of  the  ray. 
The  chemical^  and  optical  intensities  of  the  ray  stand  in  as  yet 

*  Clerk  MaxwelL  Theory  of  Heat,  p.  240,  offeru  a  very  ingenious  suggestaon  as 
to  the  real  nature  of  the  chemical  action  of  light.  ''  It  is  probable  that  when  the 
radiation  produces  the  photographic  effect,  it  is  not  by  its  energy  doing  work  on 
the  chemical  compound,  but  rather  by  a  well-timed  vibration  of  the  molecules  dis- 
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unknown  relation  to  the  mechanical  intensity.  They  are  only 
known  in  connection  with  a  small  class  of  substances,  the  opti- 
cal action  seeming  to  aflfect  a  single  body  only  (the  retina  of 
the  eye).  They  occur  onlv  in  certain  limited  sets  of  rays,  and 
depend  largely  for  their  etfect  upon  the  nature  and  condition  of 
the  body  acted  on.  They  are  therefore  useless  as  measures  of 
the  mechanical  intensity. 

The  intensities  given  in  Table  V  are,  however,  simply 
expressions  for  the  square  of  the  amplitudes,  and  therefore 
directly  proportional  to  the  thermal  actions  of  the  respective 
raya  The  thermal  intensities  of  these  rays  being,  at  the  tem- 
peratures available,  too  small  for  direct  measurement,  the  easiest 
way  of  determining  their  values  is  by  making  a  spectrophoto- 
metric  comparison  with  the  corresponding  rays  of  the  sun's 
spectrum,  the  thermal  intensities  of  which  have  been  most  care- 
fully measured.  The  best  determinations  of  the  sun's  spec- 
trum are  by  Lamansky,*  whose  results  for  the  visible  rays, 
with  the  dispersion  of  a  crown-glass  prism,  are,  when  adapted 
to  the  scale  used  in  my  researches  as  follows : 


Tablb  VIL 

Region.  OnKlrobhort   Tbemul 

BegloD. 

On  Klrohhoin   Ttaennal 

Scale.          Inteniity. 

Scale.          Intensity. 

8            6091            0-826 

14 

1832             0-302 

9             813               0-703 

16 

2037            0-246 

10            1017            0-606 

16 

2241             0-200 

11            1221            0-630 

17 

2446             0163 

12            1422            0-463 

18 

2628             0130 

13             1629             0-376 

19 

2863            0-099 

The  unit  in  this  table  is  the  intensity  at  the  point  of  maxi- 
mum heat  for  the  whole  spectrum,  which  lies  beyond  the  last 
of  the  visible  red  raya 

The  comparison  of  the  sun's  spectrum  with  that  of  the  pla- 
tinum wire  was  made  in  this  way.  DiflFuse  daylight — as 
reflected  from  white  clouds  was  used  instead  of  the  direct  rays 
of  the  sun,  repeated  trials  with  the  leucoscope  having  shown 
these  to  be  of  identical  composition.  The  pencil  of  this  light 
was  substituted  for  the  rays  from  the  platinum  wire  of  constant 
temperature.  The  other  wire  was  given  a  temperature  of  1607° 
(platinum  thermometer),  and  the  measurements  were  made  in  a 
manner  precisely  similar  to  that  already  described.  Table  VIII 
contains  the  readings  and  results  of  this  comparison. 

lodging  them  fh>m  the  almoflt  indifferent  equilibrinm  into  which  they  had  been 
thrown  by  previous  chemical  manipulations,  and  enabling  them  to  rush  together 
according  to  their  more  permanent  affinities  so  as  to  form  stabler  compounds."  If 
this  be  true,  we  have  evidently  to  do  with  work  arising  from  energy  stored  up  by 
previous  chemical  action,  and  therefore  not  all  ascribable  to  the  energy  of  the  ray. 
♦Lamansky,  Poggendorff*8  Annalen,  cxli. 
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Table  VHI. 

3mparis< 

IL 

3n  of  the 

sun's  spectrum 

with  that  of 

glowing 

Region. 

Reading. 
106^-3 

Mean. 

r  -a. 

Intenaitj. 

8 

106-5   . 

106-4 

990 

106"-4 

90^^  0' 

1-000 

9 

98-4  . 
99-6 
67-0  1 

990 

72    36 

0-91057 

10 

68-0  . 
67  5 

67-5 

51    6 

0-60570 

11 

45-0 
440 

44-6 

28   6 

0-22185 

12 

370 
37  0 

370 

20   36 

0-12380 

13 

31-9 
32-9 

32-4 

16   0 

0-07600 

14 

300 
300 

30-0 

13    36 

005529 

16 

27-5 
27-0  • 

27-26 

10   43 

003457 

16 

26-2 
26-8  j" 

26-0 

9   36 

002781 

17 

23-9 
240  • 

23-95 

6   33 

001300 

18 

22-1 
21-9  ■ 

220 

5   36 

000951 

19 

20-0 
200  ■ 

20-0 

3    36 

0-00394 

With  the  help  of  these  measurements  and  of  Lamansky's 
results  iust  given,  the  intensities  of  the  platinum  spectrum  for 
the  various  temperatures  can  be  reduced  to  a  common  unit, 
and  the  results  in  this  new  form  made  to  express  not  only  the 
influence  of  temperature  upon  each  ray  considered  separately, 
but,  what  is  equally  important,  the  relations  between  the  inten- 
sities of  all  visible  wave  lengths  by  constant  temperature. 

Using  the  values,  in  the  column  marked  **  calculated" 
(Table  V),  I  have  constructed  a  table  which  gives  for  intervals 
of  25°,  from  1200°  to  1900°  (platinum  thermometer),  the  inten- 
sities corresponding  to  the  wave  lengths  between  scale-divis- 
ions 8  to  19  in  terms  of  the  intensity  of  the  spectral-region  cor- 
responding to  division  10  when  the  platinum  was  at  1900°. 

This  value  was  chosen  as  the  unit  because  the  position  of 
division  10  could  be  simply  and  accurately  defined.  This 
region  corresponds  so  nearly  with  line  D,  that  it  may  be  defined 
as  the  region  bordering  on  line  2?,  on  the  side  nearest  the  violet 
This  table  (IX)  which  may  be,  not  inaptly,  termed  Isothermic^ 
is  arranged  according  to  temperatures. 


L^ 
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Table  IX 

(Isothermic). 

Regions. 

Intensity. 

1900» 

18T5» 

1860° 

1836° 

1800° 

1775° 

1750° 

1726° 

8 

or  6091""M-7071 

1-4285 

1-234 

1-078 

0-9470 

0-830 

0-732 

0-637 

9 

813 

1-2102 

1  026 

0-874 

0-748 

0-6322 

0-652 

0-480 

0-416 

10 

1017 

I -0000 

0-852 

0-721 

0-606 

0-5147 

0-436 

0-379 

0-322 

11 

1221 

0-3666 

0-315 

0-269 

0-257 

0-1844 

0-150 

0-123 

0-096 

12 

1422 

01975 

0163 

0-149 

0-115 

0-0946 

0-076 

0-064 

0-056 

13 

1629 

0-1086 

0-089 

0-076 

0-063 

0-0512 

0-042 

0-034 

0-027 

14 

1833 

00768 

0058 

0-052 

0-046 

0-0361 

0-030 

0-025 

0-019 

16 

2037 

0-0446 

0-036 

0033 

0-027 

0-0216 

0-018 

0-016 

0-013 

16 

2241 

0-0391 

0-027 

0-024 

0020 

0-0176 

0-013 

o-oio 

0008 

17 

2446 

0-0282 

0-019 

0-016 

0.013 

00123 

0-006 

0006 

0004 

18 

2648 

0-0266 

0-014 

0-011 

0-009 

00108 

0-003 

0-0026 

0-002 

19 

2853 

0-0160 

0-008 

0-006 

0  004 

0-0071 

0-0015 

0-0012 

0-0007 

ITOO- 

Jew- 

1650» 

105° 

1800° 

1675° 

1660° 

15«° 

8 

or  609-l'»»  0-5512 

0-472 

0-395 

0-326 

0-2719 

0-214 

0-169 

0-131 

9 

813 

0-3667 

0-304 

0-256 

0-210 

0'1694 

0-128  , 

0-100 

0-076 

10 

1017 

0-2774 

0-228 

0-187 

0-155 

01221 

0092 

0068 

0-052 

11 

1221 

00668 

0-052 

0-042 

0-033 

0-0277 

0-023 

0-020 

0-016 

12 

1422 

0'0447 

0-037 

0-027 

0021 

00183 

0-0170 

0-016 

0-007 

13 

1629 

0-0238 

0-016 

0-014 

0-012 

0-0093 

0-007 

0-006 

0-004 

14 

1833 

00131 

0-012 

0-009 

0-006 

0-0054 

0-003 

0-0026 

0-0016 

15 

2037 

0-0075 

0-007 

0-005 

0-004 

0-0027 

0-0025 

00020 

0-0010 

16 

2241 

0-0061 

0-005 

0-002 

0002 

0-0018 

00016 

0-0013 

0-0007 

17 

2445 

00037 

0-0005 

00009 

0-0009 

00007 

00007 

0-0005 

0-0004 

18 

2648 

0-0029 

0-0006 

00006 

0-0004 

000025 

0-00022  00020 

0-0001 

19 

2853 

00017 

0-0004 













1500° 

1475' 

1450° 

1485° 

1400° 

1875° 

1850° 

1825° 

8 

or  609-l""«  0-0922 

0-067 

0-056 

0-047 

0-0388 

0-032 

0-027 

0022 

9 

813 

0-0676 

0046 

0-037 

0-028 

0-0227 

00110 

0-0119 

0-0113 

10 

1017 

00382 

0-029 

0026 

0-020 

0-0176 

0-0121 

0-011 

0-008 

11 

1221 

00120 

0-0  U3 

0-011 

0009 

00043 

0004 

0-004 

0-003 

12 

1422 

0-0046 

0003 

0-0025 

0-002 

00018 

0-0015 

00012 

0-0003 

13 

1629 

00019 

0-001 

00008 

00006 

0-0016 

0-0004 

0  00036  0-00021 

14 

1833 

0-0009 

00007 

0-0005 

00002 

0-00019  0-00017  000015  0-00010 

15 

2037 

00006 

00004 

00003 

0-00016  0-00007  0-00006  0-0005 



16 

2241 

0-0002 

0-00017  0-00014  0-00009  000004 







17 

2445 

0-0006 

0-0006 









.... 

18 

2648 

00003 







-  --- 

.... 

19 

2863 

















laoo- 

1275° 

1250° 

1226° 

1200° 

.... 

.... 

8 

or  609-l»"'  00182 

0-017 

0015 

0-012 

00097 







9 

813 

0-0096 

0-008 

0-006 

0-005 

00043 



10 

1017 

0-0046 

0-004 

0-002 

00018 

0-0013 







11 

1221 

0-0009 

0-0007 

00006 

0-0005 

0-00038 





...  - 

12 

1422 

0-0002 

000016  0-0001 











13 

1829 

0-0000 

0-00007  .... 

.... 

-_-^ 





14 

1838 





.-- . 

.... 



.... 

_.  -  - 



The  two  sets  of  curves  constructed  from  this  table  serve 
to  render  the  character  of  these  results  more  evident  In 
Diagram  A,  are  drawn  Isothermals^  curves  of  equal  tem- 
perature, in  which  the  abscissae  are  wave  lengths,  the 
ordinates  intensities.  Diagram  B,  gives  the  Isochromatics, 
or  curves  of  equal  wave  lengths,  with  temperatures  as  ab- 
scissae and  intensities  as  ordinates.     The  first  set  shows  the 
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comparative  intensities  of  the  various  parts  of  the  visible 
spectrum  by  constant  temperature,  the  latter  denotes  the 
influence  of  variations  of  temperature  upon  the  intensity  of 
each  individual  series  of  rays. 

How  exceedingly  small  the  intensity  of  the  more  refrangible 
rays  is,  even  at  1900°,  compared  with  that  of  the  spectral 
regions  between  line  D  and  the  red  end  of  the  spectrum,  is 
equally  evident  in  both  sets  of  curves.  A  striking  peculiarity 
oi  the  isothermals  is  the  too  large  value  of  the  intensity  of 
region  (10).  This  unlooked-for  feature  can  scarcely  be  due  to 
a  corresponding  irregularity  in  the  platinum  spectrum,  and  at 
the  same  time  it  is  in  all  probability  no  accidental  error.  Such 
an  error,  in  order  to  produce  such  an  eflPect  in  all  the  isothermic 
curves,  must  be  looked  for  either  in  my  comparison  of  the 
sun's  spectrum  with  that  of  the  platinum  wire,  or  in  Laman- 
sky's  measurements  of  the  sun's  heat.  As  to  the  former,  we 
find  by  reference  to  the  table,  that  the  result  in  question  is  cal- 
culated from  the  mean  of  three  readings  of  fair  agreement 
An  error  of  several  degrees  in  these  determinations  would  be 
necessary  to  bring  about  any  such  irregularity  as  exists  in  the 
curvea  Lamansky's  results  are  also  the  mean  of  numerous 
measurements,  and  the  occurrence  of  so  large  an  error  just  at 
this  point  would  at  once  be  detected. 

A  curious  fact  recorded  by  Vierordt*  while  studying  the  spectra 
of  gases,  offers,  I  think,  the  true  explanation  of  the  irregnlarity. 

He  observed,  that  even  in  absorptions-spectra,  with  clearly 
defined  lines,  no  real  discontinuity  in  the  intensity  of  contigu- 
ous rays  occurs,  that,  on  the  contrary,  very  sudden,  but  per- 
fectly continuous,  changes  take  place  at  the  edge  of  each  bright 
or  dark  line.  The  region  (10)  corresponds  however,  to  the  edge 
of  the  line  D,  (see  pages  1$  and  40),  and  would  consequently 
in  the  sun's  spectrum  be  weaker,  owing  to  the  proximity  of  the 
absorption  line,  than  in  a  perfectly  continuous  spectrum.  In 
the  platinum  spectrum,  on  the  other  hand,  this,  region  would 
possess  its  normal  brightness,  or  in  case,  as  generally  happens, 
the  surrounding  atmosphere  contained  a  trace  of  soidium, 
would  form  the  edge  of  a  bright  line  D,  and  be  of  more  than 
normal  intensity.  This  fact  would  tend,  in  the  comparison  of 
the  spectra,  to  the  production  of  just  such  an  irregularity  as 
appears  in  the  curves  on  Diagrams  A  and  B. 

Kirchhoff,  in  his  treatise  (§15),  draws  the  following  d priori 
conclusions  from  his  discussion  : 

"If  a  body,  a  platinum  wire  for  example,  is  gradually  heated, 

it  emits  until  attaining  a  certain  temperature,  only  rays  the 

wave  lengths  of  which  are  greater  than  those  of  the  visible 

spectrum.     At  a  certain  temperature,  rays  of  wave  lengths  cor- 

*  Yierordt,  PoggendorfTs  Annalen,  151. 
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responding  to  the  extreme  red  begin  to  appear.  As  the  body 
becomes  hotter  and  hotter,  rays  of  shorter  and  shorter  wave 
lengths  show  themselves,  so  that  for  each  temperature  a  new 
set  of  rays  first  makes  its  appearance,  while  at  the  same  time, 
the  intensity  of  those  already  at  hand  continues  to  increase. 
Applying  the  principle  we  have  already  proved  to  this  case,  we 
see  that  the  function  I  for  any  given  wave  length  is  equal  to  0 
for  all  points  below  a  certain  temperature  corresponding  to  this 
wavelength;  and  that  for  all  temperatures  above  this  point, 
the  function  I  increases  with  the  temperature." 

Strictly  speaking,  however,  the  temperature  at  which  each 
individual  wavelength  becomes  visible  depends  solely  upon 
the  sensitiveness  of  the  observer's  eye.  We  are  furthermore 
forced  to  conclude  from  the  experiment  recorded  in  table  VI, 
that  the  more  refrangible  rays  really  exist  at  temperatures 
far  below  those  at  which  we  begin  to  see  them.  The  di- 
rections of  the  curves  (Plates  I  and  II)  seem  to  denote,  that 
all  the  rays  studied  begin  to  be  emitted  at  some  temperature 
not  included  in  the  interval  embraced  by  the  experiments.  I 
suspect  indeed  that  all  of  them  originate  at  some  very  low 
degree  (the  absolute  zero?)  and  are  recognizable  no  sooner, 
simply  because  the  various  instruments  at  command,  the  ther- 
mopile, eye,  photographic  plate,  etc.,  are  not  more  delicate. 
That  the  various  colors  do  not  appear  simultaneously,  follows 
from  the  very  different  degrees  of  sensitiveness  shown  by  the 
eye  for  different  rays. 

A  fuller  discussion  of  the  results  given  in  this  paper,  of  their 
application  in  the  study  of  the  function  I,  and  of  an  optical 
method,  based  upon  them,  for  the  measurement  of  high  tem- 
peratures, will  be  given  in  another  article.  I  will  conclude 
with  a  single  remark  concerning  the  scale  of  temperatures  used 
in  this  paper. 

In  view  of  the  present  ignorance  of  the  law  of  expansion  for 
platinum  at  high  temperatures,  it  seemed  better  instead  of  try- 
ing to  reduce  my  measurements  to  Celsius'  degrees  of  the  air 
thermometer,  to  constitute  by  means  of  a  simple  definition  a 
scale  for  the  platinum  thermometer,  which  should  be  quite 
independent  of  other  standards,  and  which  could  easily  be 
expressed  in  terms  of  the  existing  scales  so  soon  as  the  neces- 
sary investigations  of*  the  expansion  of  platinum  had  been 
made. 

The  already  existing  researches  extend  only  over  ordinary  tem- 
peratures, and  the  empirical  formulea  based  upon  them  bein^ 
onlj^  strictly  applicable  to  the  interval  covered  by  actual  experi- 
ment, a  reduction  obtained  by  use  of  them  JEor  an  interval 
between  the  red  heat  and  melting  point  would  be  at  best  of 
doubtful  value.  I  give,  neverthelessi  such  a  reduction,  founded 
Am.  Jour.  Sci.— Third  Sbribs,  Vol,  XVIII,  No.  108.— Dec,  18T9. 
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upon  Matthiessen's*  formula  for  the  expansion  of  platinam 
between  0"^  C.  and  200°  C.     This  formula  reads, 

/  =  /,(!  +  0-00000861 1  +  0-0000000035  f) 
and  the  reductions  are  given  in  the  following  table : 

Table  X. 

Flftdnam.  0«Uliii.  PUtlnnm.  CeMu. 


1900* 

1294* 

1600' 

lOSl' 

1800 

1238 

1400 

1025 

1100 

1188 

1300 

968 

1600 

1129 

1200 

910 

Of  the  accuracy  of  this  comparison  there  are  at  present  no 
means  of  deciding.  Taking  into  consideration,  however,  the 
attempts  already  frequently  made,  to  estimate  the  temperature 
of  flames,  glowmg  metal,  etc.,  it  seems  likely  that  the  above 
values,  in  degrees  Celsius,  are  considerably  too  small 

Rosetti  of  Venice  gives,  for  example,  for  the  hottest  portion 
of  a  Bunsen's  burner  flame,  1850°.  According  to  Pouillet,f 
the  melting  points  of  various  metals  are  as  follows: 

Wrought-iron    1600**  0.  I    Catt-iron 1200   C.      1050oa 

Steel UOO   0.      1300'0.    |    Gold  (pure)..  1200   C,  etc. 

Peekskill,  K  Y.,  Maj  28,  1879. 


Art.  LVn. — Notice  of  recent  Additions  to  the  Marine  Fauna  of 
the  Eastern  Coast  of  North  America^  No.  7 ;  by  A.  E.  Verrill. 
Brief  Contributions  to  Zoology  from  the  Museum  of  Yak  College, 
No.  XLIY. 

Among  the  numerous  additions  recently  made  to  the  marine 
fauna  of  our  coast  by  the  fishermen  of  Gloucester,  Mass.,  are 
two  new  species  of  Cephalopods.  They  both  belong  to  the 
eight-armed  division.  One  is  a  true  Octopus.  The  otner  and 
more  interesting  one  is  the  second  known  representative  of  the 
remarkable  family  of  Oirroteuthidce,  characterized  by  the  pres- 
ence of  a  pair  of  fins,  one  on  each  side  of  the  body,  supported 
by  a  transverse  cartilage ;  by  the  presence  of  a  great  web,  sur- 
rounding and  uniting  all  the  arms,  nearly  to  their  tips ;  and  by 
the  presence  of  two  slender  cirri  between  the  suckers,  along 
the  greater  part  of  the  length  of  the  arms. 

Our  species  diflfers  so  widely  from  Oirroleuthis  Mulleri  Esch., 
the  only  representative  of  the  family  hitherto  described,  that  it 
is  necessary  to  constitute  for  it  a  new  genus. 

StaurotetUhiSy  gea.  nov. 

Allied  to  Cin'oteuihisy  but  with  the  mantle  united  to  the  head 

all  around,  and  to  the  dorsal  side  of  the  slender  siphon,  which 

it  surrounds  like  a  close  collar,  leaving  only  a  very  narrow 

opening  around  the  base  of  the  siphon,  laterally  and  ventrally. 

*  Matthiesexk,  PhiL  Mag.,  YI,  yoL  xxxii.      f  Pouillet,  Ck>mptef  Rendus,  i,  U. 


Digitized  by 


Google 


A,  E.  Verrill — Marine  Fauna  of  North  America.        469 

Fins  triangular,  in  advance  of  the  middle  of  the  body.  Dorsal 
cartilage  forming  a  median  angle  directed  backward.  Body 
flattened,  soft,  bordered  by  a  membrane.  Eyes  covered  by  the 
integument  Web  not  reaching  the  tips  of  the  arms,  the  edge 
concave  in  the  intervals.  Suckers  in  one  row.  Cirri  absent  be- 
tween the  basal  and  terminal  suckers.  Right  arm  of  second 
pair  is  altered,  in  the  male,  at  the  tip. 

StauroteuthU  syrtensiSy  sp.  nov. 

^ .  Head  broad,  depressed,  not  very  distinct  from  the  body. 
Eyes  large.  Body  elongated,  flattened,  soft  or  gelatinous, 
widest  in  the  middle,  narrowed  but  little  forward,  but  decidedly 
tapered,  back  of  the  fins,  to  the  flat,  obtuse,  or  subtruncate  tail. 
The  sides  of  the  head  and  of  the  body,  forward  of  the  fins,  are 
bordered  by  a  thin  soft  membrane,  about  half  an  inch  wide. 
The  fins  are  elongated,  triangular,  obtusely  pointed,  placed  in 
advance  of  the  middle  of  the  body.  Siphon  elongated,  slender, 
round,  with  a  small  terminal  opening.  Mantle  edge  so  con- 
tracted and  thickened  around  its  base  as  to  show  scarcely  any 
opening,  and  united  to  it  dorsally.  Arms  long,  slender,  sub- 
equal,  each  united  to  the  great  web  by  a  broad  membrane  devel- 
oped on  its  outer  side,  widest  (about  1*5  inch)  in  the  middle  of 
the  arm,  while  the  edge  of  the  web  unites  directly  to  the  sides 
of  the  arms  and  runs  along  the  free  portion  toward  the  very 
slender  tip,  as  a  border.  This  arrangement  gives  a  swollen  or 
campanulate  form  to  the  extended  web.  Edges  of  the  web 
incurved  between  the  arms,  widest  between  the  two  lateral  pairs 
of  arms.  The  arms  bear  each  fifty-five  or  more  suckers,  in  a 
single  row.  Those  in  the  middle  region  are  wide  apart  (-5  inch 
or  more)  with  a  pair  of  slender,  thread-like  cirri,  about  1  inch 
long,  midway  between  them.  The  cirri  commence,  in  a  rudi- 
mentary form,  between  the  5th  and  6th  suckers,  on  the  dorsal 
arms,  and  between  the  7th  and  8th,  on  the  ventral  ones.  They 
cease  before  the  23d  sucker  on  the  dorsal  and  lateral  arms, 
and  before  the  22d  on  the  ventral  ones.  Near  the  mouth,  and 
beyond  the  last  cirri  on  the  free  portion  of  the  arms,  the  suck- 
ers are  more  closely  arranged.  They  are  small,  with  a  deep 
cavity.  Color,  in  alcohol,  generally  pale  with  irregular  mot- 
tlings  and  streaks  of  dull  brownish ;  inner  surface  of  arms  and 
web,  toward  the  base,  and  membrane  around  the  mouth,  deep 
purplish  brown.  Length  from  end  of  body  to  base  of  arms, 
6'80  inches ;  length  to  posterior  base  of  fins,  2*50 ;  to  anterior 
base,  4;  width  across  fins,  5 ;  in  advance  of  fins,  2*70  (not  in- 
cluding lateral  membrane);  across  eyes,  1-75;  across  end  of 
tail,  1*20;  diameter  of  eye,  I;  width  of  fins,  at  base,  1-20; 
their  length,  1*75;  length  of  arms,  13  to  14  inches;  portion 
beyond  web,  2*5  to  3  inches.  Edge  of  extended  web,  between 
upper  arms,  about  4  inches;  between  lateral  arms,  about  8 
inches  ;  entire  circumference  of  web,  about  48  inches. 
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Taken  by  Capt  Melvin  Gilpatrick  and  crew,  schooner 
"Polar  Wave,"  N.  lat  48°  54';  W.  long.  58°  44',  on  Banqne- 
reau,  about  80  miles  E.  of  Sable  I.,  in  250  fathoms.  Fre- 
sented  to  the  U.  S.  Fish  Commission,  Sept,  1879. 

Octopus  piscatorum^  sp.  nov. 

Body  of  female  is  smooth,  depressed,  about  as  broad  as  long. 
Obtusely  rounded  posteriorly,  not  showing  any  lateral  ridges, 
nor  dorsal  papillae.  No  cirrus  above  the  eyes.  Arms  long, 
rather  slender,  tapering  to  long,  slender,  acute  tif)s,  the  upper 
ones  a  little  (1  of  an  inch)  shorter  than  those  of  the  second  pair, 
which  are  the  longest;  the  third  pair  are  about  one-half  inch 
shorter  than  the  second  ;  the  ventral  pair  about  one-fourth  inch 
shorter  than  the  third.  In  our  specimen  all  the  arms  on  the 
right  side  are  somewhat  shorter  than  those  on  the  left,  and  the 
web  between  the  ist  and  2d  arms  is  narrower,  due  perhaps  to 
recovery  from  an  injury.  The  suckers  are  moderately  large, 
alternating  in  two  regular  rows,  except  close  to  the  mouth, 
where  a  few  stand  nearly  in  a  single  line ;  about  fourteen  to 
sixteen  are  situated  on  the  part  of  the  arms  included  within 
the  interbrachial  web.  The  whole  number  of  suckers  on  one 
arm  is  upwards  of  seventy.  The  web  between  the  arms, 
except  ventrally,  is  of  about  equal  width,  and  scarcely  more 
than  one-fourth  the  length  of  the  arms,  measuring  from  the 
beak.  Between  the  ventral  arms  the  web  is  about  half  as  wide 
as  between  the  lateral. 

Color  of  alcoholic  specimen,  deep  purplish  brown,  due  to  very 
numerous  crowded,  minute,  specks;  eye-lids  whitish.  The 
front  border  of  mantle,  beneath,  with  base  of  siphon  and  adja- 
cent parts,  is  white ;  end  of  siphon  brown.  Lower  side  of  head 
and  arms  lighter  than  the  dorsal  side.  Total  length,  from  poste- 
rior end  of  body  to  tip  of  arms,  of  1st  pair,  6*20  inches ;  2d 
pair,  6-80 ;  8d  pair,  5-76  ;  4th  pair,  5*25  ;  to  web  between  dor- 
sal arms,  8*25  ;  between  ventral  arms,  2*50 ;  to  edge  of  mantle, 
beneath,  1*20  ;  to  center  of  eye,  1*55.  Breadth  of  body,  1*25 ; 
of  head  across  eyes,  1'20 ;  breadth  of  arms,  at  base,  "22 ;  diam- 
eter of  largest  suckers,  '10 ;  length  of  arms,  beyond  web,  1st 
pair,  8-00;  2d  pair,  8*25 ;  8d  pair,  280;  4th  pair,  2-75. 

Taken  by  Capt  John  Mclnnis  and  crew  of  the  schooner  "  M. 
H.  Perkins,"  irom  the  western  part  of  Le  Have  Bank,  off 
Nova  Scotia,  in  120  fathoms.  Presented  to  the  U.  S.  Fish 
Commission,  Oct,  1879. 

This  species  is  easily  distinguished  from  0.  Bairdii,  by  its 
more  elongated  body,  its  much  longer  and  more  tapered  arms, 
with  shorter  web  ;  by  the  absence  of  the  large,  rough,  pointed 
papilla,  or  cirrus,  above  the  ej'es,  and  by  its  general  smooth- 
ness. The  white  color  of  the  underside  of  the  neck,  siphon 
and  mantle-border  also  appears  to  be  characteristic. 
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Art.  LVIIL — Notes  on  the  Geology  of  Oalisteo  Creeks  New  Mex- 
ico ;  by  John  J.  Stevenson,  Professor  of  Geology  in  the 
University  of  the  City  of  New  York. 

Galisteo  Creek  rises  near  the  southern  end  of  the  Santa 
Fe  mountains  and  flows  southward  for  nearly  fifteen  miles  to 
Galisteo;  where,  being  increased  by  the  Arroyo  San  Cristobal, 
coming  from  the  east,  it  turns  westward  and  flows  in  that  direc- 
tion to  the  Rio  Grande.  Its  area  is  divided  by  a  narrow  dike, 
which  forms  a  distinct  ridge  and  separates  the  portion  drained 
by  the  creek  in  its  southward  flow,  from  that  drained  by  the 
Arroyo  San  Cristobal  and  the  creek  in  its  westward  flow. 
These  divisions  may  be  distinguished  as  the  upper  and  the 
lower  area  of  the  Galisteo.  The  region  is  not  wholly  unknown 
to  geologists,  for  it  has  been  visited  by  Dr.  Newberry,  Dr. 
Hayden  and  Professor  Cope,  whose  views  respecting  the  age  of 
the  coal  beds  and  of  the  peculiar  Galisteo  sandstone  are  not  in 
accord.  The  details  of  my  observations  there  will  be  given  in 
my  report  to  Captain  Wheeler;  here,  by  consent  of  the  Chief 
of  the  Engineer  corps,  U.  S.  A,  a  brief  rfeum6  of  the  results 
will  be  given,  in  so  far  as  they  bear  upon  the  matters  in  dispute. 

The  snales  of  the  Fort  Pierre  group  (No.  4  of  Mr.  Meek's 
general  section)  are  shown  at  barely  sixteen  miles  below  Gal- 
isteo dipping  gently  eastward  in  mesas  on  both  sides  of  the 
creek.  They  have  all  the  characteristic  features  of  that  group 
and  yield  its  peculiar  fossils  at  many  localities.  The  Laramie 
group  rests  on  them,  and  its  western  outcrop  is  reached  on  the 
south  side  of  the  creek  at  somewhat  less  than  sixteen  miles 
below  Galisteo.  There  the  rocks  dip  toward  the  east-northeast 
and  at  a  low  angle ;  this  is  the  northern  termination  of  an  ex- 
tensive area  of  Laramie,  reaching  southward  for  many  miles 
and  surrounding  the  Placer  and  Sandia  mountains.  The  eastern 
outcrop  of  the  Laramie  beds  passes  rudely  north  and  south 
througn  Galisteo,  and  there  the  dip  is  westward.  The  width  of 
the  area  from  east  to  west  along  the  creek  is  not  far  from  fif- 
teen miles. 

A  detailed  section  of  440  feet,  taken  on  the  western  outcrop, 
bears  no  resemblance  in  detail  to  sections  from  the  same  horizon 
in  the  Trinidad  coal  field,  and  correlation  of  the  beds  in  the  two 
fields  is  not  possibla  The  coal  beds  in  the  Galisteo  area  are 
thin  and  variable,  and  little  of  economic  interest  exists  aside 
from  the  anthracite  beds,  which  contain  coal  altered  by  the  in- 
fluence of  a  gigantic  dike  passing  between  the  Placer  mountains 
and  Galisteo  creek.  But  there  is  much  material  of  scientific 
interest,  for  the  Laramie  beds  show  an  unexpected  intimacy 
with  the  underlying  Fort  Pierre. 
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Passing  the  eastern  outcrop  of  the  Laramie,  one  comes  at 
once  to  a  wide  park,  lying  mostly  on  the  south  side  of  the  Ar- 
royo San  Cristobal  andf  eroded  amid  the  Colorado  shalea  The 
Fort  Pierre  sub-group  occupies  the  western  side  of  this  park 
and,  as  usual,  is  much  thicker  than  are  the  Niobrara  and  Fort 
Benton  combined.  Its  shales  show  the  ordinary  features,  for 
here  are  the  lines  of  huge  ferruginous  concretions,  of  calcareous 
concretions,  and  the  succession  of  dark,  gray  and  yellow  shales 
with  abundance  of  selenite  crystals.  The  concretions,  except 
where  showing  a  cone-iii-cone  structure,  are  full  of  fossils; 
enormous  Inocerami  with  smaller  species  are  common.  Ammo- 
niteSy  BaculUeSy  Tachytritoriy  AporrhaiSj  Qyrodes,  Fasdolaria  and 
Oatrea  are  abundant,  all  of  them  belonging  to  species  occurring 
in  the  Fort  Pierre  group  at  other  localities  farther  north. 

Below  the  Fort  Pierre  are  the  bluish-gray  argillaceous  lime- 
stones of  the  Niobrara  sub-group  (Cretaceous  No.  8)  with  the 
same  physical  features  everywhere  shown  throughout  the  whole 
region  south  from  Denver,  and  containing  Inoceramus  prdiem- 
aticus  along  with  other  species  always  regarded  as  character- 
izing this  horizon.  The  exposures  of  this  group  are  few  but 
ampla  An  excellent  exhibition  can  be  seen  at  barely  a  mile 
southeast  from  Galisteo,  where  the  limestone  was  quarried  to  be 
burned  into  lime.  The  dark  brown  shales  of  the  Fort  Benton 
(Cretaceous  No.  2)  are  ill-exposed  at  the  base  of  the  Dakota 
mesa,  which  forms  the  eastern  boundary  of  the  park,  south 
from  the  Arroyo. 

The  Dakota  is  well  exposed,  the  three  provisional  groups, 
which  will  be  proposed  in  my  report,  being  shown  along  tlie 
Arroyo  San  Cnstooal.  The  tipper  Dakota  forms  the  m^a  or 
east  wall  of  the  park  and  consists  of  light  gray  and  yellow  sand- 
stones ;  the  Middle  Dakota  consists  of  blue,  white  and  red 
sandy  to  clayey  shales,  with  a  bed  of  limestone,  a  conglomerate 
of  limestone  and  iron  ore  and  streaks  of  gypsum ;  while  the 
Lower  Dakota,  made  up  of  gray  and  yellow  sandstones  like 
those  of  the  Upper  Dakota,  reaches  eastward  and  becomes  the 
upper  part  of  a  great  mesa,  the  southwest  wall  of  the  Pecos 
valley. 

The  succession  in  the  lower  (Jalisteo  area  is  absolutely  clear, 
showing  the  Dakota,  Fort  Benton,  Niobrara,  Fort  PieVre  and 
Laramie  groups  in  their  proper  order.  All  of  these  dip  west- 
ward until  perhaps  eight  miles  below  Galisteo,  where  the  dip 
is  reversed  so  that  the  Laramie  beds  run  out  at  sixteen  miles 
below  Galisteo  and  the  Fort  Pierre  shales  come  again  to  the 
surface.  Each  of  these  groups  is  perfectly  characterized  ami 
no  difficulty  is  encountered  in  the  attempt  to,  identify  them. 
The  physical  features  and  the  fossils  are  not  materially  diiflFerent 
from  those  found  elsewhere  in  the  same  groups  within  the 
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whole  region  south  from  Denver,  except  that  Halymenite^  major y 
80  common  at  the  base  of  the  Laramie  ^roup  in  the  Trinidad 
coal  field,  is  absent  hera  But  impressions  of  dicotyledonous 
plants  occur  in  the  Galisteo  region,  which  are  closely  allied  to 
those  found  in  the  Trinidad  coal  field.  The  coal  beds  on  the 
northeast  slope  of  the  Placer  mountains  are  as  clearly  Laramie 
as  are  those  of  the  Trinidad  or  the  Caflon  City  coal  field. 

But  the  geology  of  the  upper  Galisteo  area  is  far  from  being 
so  simple  as  that*^  observed  along  the  south  side  of  the  creek 
within  the  lower  area. 

No  reference  has  been  made  to  the  north  side  of  the  creek 
within  the  lower  area ;  that  can  be  considered  more  conven- 
iently in  connection  with  the  upper  area.  A  broad  uneven  park, 
designated  on  the  Engineer  map  as  the  Arroyo  de  Los  Angeles, 
opens  into  the  lower  area  at  perhaps  five  miles  below  Galisteo, 
and  the  dike,  previously  referred  to,  forms  its  southeast  bound- 
ary for  several  miles. 

If  a  section  be  carried  across  the  area  of  the  upper  Galisteo 
near  its  southern  edge,  the  conditions  will  be  found  such  as  are 
represented  in  the  following  diagram. 


/  / 

Cross  Sbotioh  on  thb  Uppbb  Galisteo. 

1.  DakoU.  3.  Colorado.  8.  Laramie.  4.  Galisteo.  5.  AUnTiam. 

The  Upper  Dakota  sandstone  is  in  the  bluff  on  the  east  side, 
where  the  dip  is  very  rapid ;  behind  jt  are  the  shales  and  lime- 
stones of  the  Middle  Dakota,  and  the  sandstones  of  the  Lower 
Dakota  are  shown  still  further  east  Going  westward  toward 
Galisteo  creek,  one  crosses  the  Dakota,  the  imperfectly  exposed 
Fort  BentoD  and  Niobrara,  the  finely  exposed  Fort  Pierre,  and 
finally  before  reaching  the  creek,  finds  himself  on  the  Laramie 
sandstones.  Thus  far  the  dip  has  been  westward;  but  immedi- 
ately beyond  the  creek,  the  dip  is  reversed,  so  that  before  the 
low  insignificant  roll,  separating  the  Arroyo  de  los  Angeles 
from  the  Galisteo,  is  reached,  the  Laramie  rocks  are  dipping 
eastward  and  almost  vertical,  thus  forming  a  synclinal. 

But  on  the  opposite  side  of  this  low  divide,  the  Lower  Da- 
kota sandstones  are  exposed  and  dip  westward  at  65°  ;  at  but  a 
little  way  further  westward  are  the  variegated  shales  and  the 
limestone  of  the  Middle  Dakota.  On  the  west  side  of  the  Ar- 
royo, the  Lower  Dakota  rocks  are  dipping  very  sharply  east- 
ward, so  that  here  too  a  synclinal  exista  Thus  there  are  two 
faults,  one  following  the  divide  between  the  Arroyo  and  the 
creek,  while  the  other  follows  the  west  side  of  the  Arroyo, 
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whereby  this  fragment  of  Dakota  has  been  thrust  through  the 
Laramie  rocks.  The  two  faults  come  together  on  the  north  side 
of  lower  Galisteo  at  the  mouth  of  the  Arroyo  and  the  Dakota 
rocks  do  not  cross  the  creek.  The  Colorado  shales  do  not  ap- 
pear on  either  side  of  the  faulted  area. 

But  on  the  west  side  of  this  arroyo  there  appears  a  series, 
newer  than  any  yet  noticed.  It  covers  the  mesa  stretching 
west  and  north  from  the  Galisteo,  and  is  continuous  from  the 
Santa  Fe  and  Placer  road  on  the  lower  Galisteo  almost  to  the 
end  of  the  Archean  area  on  the  upper  Gtilisteo.  This  is  the 
Galisteo  group.  As  far  as  ezposea  within  the  area  examined, 
which  extends  to  but  a  little  distance  west  and  north  from  Ga- 
listeo creek,  this  group  is 

1.  Breccia  of  trachyte 150  feet. 

2.  Soil,  light  gray  sandstone..  40  feet. 

The  breccia  is  well  shown  on  the  lower  Galisteo  from  the  Santa 
Fe  and  Old  Placer  road  to  the  mouth  of  the  Arroyo  de  los  An- 
geles. It  is  exceedingly  dark  gray  or  even  lead-colored  and  is 
composed  altogether,  where  examined,  of  trachyte  in  angular 
fragments,  cemented  by  "finer  material  apparently  of  similar 
nature.  This  bi'eccia  was  followed  up  the  Arroyo  to  the  Galisteo 
and  Santa  Fe  road  ;  but  there  it  practically  ends,  and  the  evi- 
dence suggests  that  it  was  worn  away  by  the  erosion  which  pro- 
duced the  broad  mesa.  Its  fragments  litter  the  surface  of  that 
mesa.  The  thickness  assigned  this  mass  is  that  seen  at  the  mouth 
of  the  Arroyo.     It  may  be  greater  further  toward  the  northwest. 

The  sandstone  is  very  light  gray,  excessively  soft  and  inco- 
herent, so  that  it  yields  as  readily  to  the  weather  as  though  it 
were  loose  sand,  weathering  indeed  more  freely  than  do  the 
tough  alluvial  deposits  along  the  creeks.  This  is  the  lowest 
bed  of  the  group  found  within  the  area  visited. 

The  relation  of  the  Galisteo  group  to  the  underlying  rocks  is 
well  shown  at  the  head  of  the  Arroyo,  where  the  Dakota  beds 
dip  westward  at  65*^,  while  the  lower  sandstone  of  the  Galisteo 
rests  on  their  planed-oflF  edges  and  dips  in  the  same  direction 
at  less  than  one  degree.  A  more  curious  illustration  of  the  un- 
conformability  is  shown  immediately  below  the  mouth  of  the 
Arroyo,  where  the  breccia  was  deposited  around  a  projecting 
wall  of  lower  Dakota,  which  dips  at  nearly  60° :  and  the  con- 
trast in  color  is  as  great  as  that  would  be  between  a  trachyte 
dike  and  a  surrounding  mass  of  basalt  Both  the  breccia  and 
the  underlying  sandstone  are  exposed  here  and  are  conformable. 

The  Galisteo  beds  are  not  affected  by  the  faults  found  in  the 
Arroyo  de  los  Angeles,  whereas  the  Laramie  beds  are  involved 
in  them  ;  the  breccia  is  composed  largely  of  trachyte  from  Los 
Cerillos,  a  group  of  hills,  relics  of  dikes,  shown  on  the  north 
side  of  Galisteo  creek  at  sixteen  miles  below  the  village.     But 
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the  outburst  of  trachyte,  forming  those  hills,  caused  frightful 
distortion  of  the  Laramie  beds.  It  is  clear,  then,  that  the  Ga- 
listeo  group  can  not  be  conformable  to  the  Laramia  The  for- 
mer group  does  not  cross  the  Galisteo  creek  at  any  point. 

The  lower  sandstone  of  the  Galisteo  group  was  followed  up 
the  creek  for  more  than  seven  miles  atx>ve  Galisteo,  and  its 
ashen  color  gives  a  strange  appearance  to  the  deeply  eroded 
face  of  the  mesa.  The  vertical  yellow  and  almost  white  sand- 
stones of  the  Lower  Dakota  yield  readily  to  the  weather  and 
the  debris  from  the  light  gray  Galisteo  sandstone  mingles  with 
that  from  these ;  so  that,  to  one  ascending  the  creek  and  follow- 
ing the  line  of  the  eastern  fault,  the  Galisteo  sandstone  seems 
to  be  triple,  white,  yellow  and  gray,  whereas  the  white  and 
yellow  belong  to  the  Lower  Dakota,  on  which  the  Galisteo 
sandstone  rests  unconformably. 

The  coal  beds  of  the  Placer  mountains,  occupying  the  pla- 
teau between  those  mountains  and  Galisteo  creek  are  synchro- 
nous with  those  of  the  Trinidad  coal  field  and  belong  to  what 
is  known  as  the  Laramie  group,  which,  however,  is  synony- 
mous, in  part  at  least,  with  Fox  Hills. 

The  Galisteo  group  rests  unconformably  on  the  Laramie  and 
Dakota;  and  contams  a  great  bed  composed  wholly  of  the 
later  lavas ;  it  is  therefore  Tertiary. 


Art.  LIX. — JSTiort  Notes  upon  the  Oeology  of  Catoosa  County^ 
Georgia ;  by  A.  W.  Vogdes,  U.  S.  Army. 

A  SHORT  distance  west  of  Catoosa  Station,  on  the  Western 
and  Atlantic  Eailroad,  we  find  a  small  cut  which  exposes  the 
rocks  of  the  Niagara  period.  This  formation  is  composed  in 
descending  of  the  following  strata: 

L  Thin  bed  of  limestone  made  up  of  crinoidal  joints. 

2.  Cherty  bed  containing  the  columns  of  Cdryocrinus. 

8.  Shaley  beds  with  concretions. 

4.  Black  slate  containing  about  fifty  per  cent  of  bituminous 
matter. 

This  outcrop  in  the  valley  of  the  Chickamauga  is  not  over 
ten  feet  in  thickness  and  dips  about  twenty-five  degrees  to  the 
east.  A  few  hundred  yards  to  the  west  along  the  river  bank, 
the  topography  of  the  country  becomes  more  hilly,  and  the 
railroad  passes  through  a  cut  of  about  100  feet.  On  the 
map  of  the  county  this  is  known  as  section  28,  lot  no.  204,  or 
Taylor's  Eidge.  This  section  exposes  an  outcropping  forma- 
tion of  the  Upper  Silurian  Age  which  belongs  to  the  Clinton 
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Epocb.  The  upper  beds  are  thin  and  composed  of  an  are- 
naceous limestone,  containing  fragments  of  Crinoids  and  shells 
more  or  less  wave-broken,  as  if  this  stratum  marked  the 
line  of  the  Clinton  sea.  Immediately  beneath  the  limestone 
we  find  a  laminated  sandy  bed  intermixed  with  sandstone  of 
different  degrees  of  hardness,  which  is  well  exposed  in  the 
railroad  cut  and  along  the  banks  of  the  Chickamauga  River. 
The  total  thickness  of  these  beds  is  about  160  feet,  the  strata 
having  a  general  dip  16°  east 

The  geological  formation  of  Taylor's  Ridge  is  more  clearly 
defined  with  regard  to  the  Upper  Silurian  age  about  ten  miles 
southeast  from  Catoosa  station,  at  Dug  Gap  in  Whitfield  county. 
This  section  exhibits  the  Lower  Silurian  black  shales  out- 
cropping along  the  base  of  the  gap,  dipping  about  twenty-five 
degrees  to  the  east,  and  known  in  Dalton  as  the  "  coal  beds ;" 
immediately  above  these  shales  the  Medina  sandstones  appear 
or  a  sandstone  which  stratigraphically  may  be  assigned  to  this 
group ;  as  far  as  examined  it  contains  no  fossila     Superim- 

Sosea  upon  these  sandstones  along  the  second  bench  of  the 
^ap  we  find  the  Clinton,  which  is  composed  in  descending 
order  of  the  following  strata : 

1.  Arenaceous  layers  and  sandstone. 

2.  Hematitic  layers  containing  Calymene  Clintoni^  C.  rostrcUa, 
and  generally  trilobitic 

3.  Arenaceous  shales. 

4.  Sandstone  containing  Streptorht/nchuM  tubplancL 

5.  Hard  sandstone  containing  hematite. 

6.  Light  sandy  beds  of  the  Medina. 

The  best  section  examined  is  about  twenty  feet  in  thickness, 
but  the  measured  thickness  of  the  Clinton  gives  about  160 
feet 

In  order  to  illustrate  the  true  geological  sequence  of  Taylor's 
Ridge  it  is  necessary  to  trace  the  diff*erent  rocks  from  Atlanta 
to  Ringgold,  but  at  present  we  will  simply  give  the  section  at 
Ringgold,  which  is  about  four  miles  to  tne  west  of  our  first 
section,  taken  near  Catoosa  station.  The  town  of  Ringgold  is 
located  in  a  valley  composed  of  the  Trenton  limestone.  This 
group  is  highly  fossiliferous ;  it  has  a  northwest  and  southeast 
strike,  dips  fifteen  degrees  to  the  east,  being  composed  of  a 
flinty  rocK,  underlaid  by  a  chocolate-colored  shale,  which  is 
generally  denuded  ;  these  shales  are  underlaid  by  a  blue  lime- 
stone of  over  three  hundred  feet  in  thickness.  Superimposed 
and  forming  the  hills  is  a  great  mass  of  red  laminated  sand- 
stone of  the  Hudson  River  group.  These  sandstones  are  about 
five  hundred  feet  in  thickness,  dip  nineteen  degrees  east,  one 
mile  east  of  Ringgold  in  the  gap,  and  contain  only  a  few  speci- 
mens of  Orthia  iestudinarku 
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Between  Ringgold  and  Catoosa  Station  the  Chickamauga 
river  divides  the  ridge ;  the  hills  to  the  northwest  are  called 
Oak  Mountains,  and  those  on  the  southeast  Taylor's  Ridge. 
After  passing  through  this  gap  the  eastern  exposure  of  these 
hills  shows  the  overlying  Medina,  Clinton  and  Niagara  groups. 

The  paleontological  characteristics  of  this  outcropping 
stratum  of  the  Upper  Silurian  periods  are  interesting,  espe- 
cially the  fossils  of  the  upper  beds.  These  fossils  are  poorly 
preserved  and  consist  generally  of  casts.  From  our  collection 
we  have  been  enabled  to  indentify  the  following  species  : 

Calymene  Clinioni  Hall ;  Oryptonymus  {Encrinurns)  omatus 
Hall  and  Whitfield ;  Oryptonymus  (Encrinurus),  Ilkenus^  Proe- 
tus;  Leperditia^  sp.,  having  the  right  valve  marginated  by  a 
furrow,  except  along  the  dorsal  edge,  as  in  L.  margivata  ;  Othis 
elegantuloy  a  species  common  to  the  Clinton  and  Niagara  group ; 
Chceletes  lycoperdon,  cast  from  the  lower  beds :  Zaphrentis  bilaier- 
alt's fy  broken  specimens  from  the  upper  bed;  Conulana^  sp.  ? 

Of  the  Oryptonymus-  ornatus  we  have  in  our  collection  two 
pygidia  which  we  have  assigned  to  this  species,  although  the 
casts  do  not  show  the  nodes  ornamenting  the  axis  and  pleursB. 
The  specimens  compare  otherwise  with  Professor  HalPs  type 
given  in  Paleeontology  of  New  York,  vol.  ii,  pi.  Ixvia,  fig.  la. 
Vertical  distribution  Clinton  group. 

There  is  also  a  new  trilobite,  Calymene  rostrata  Vodges,  from 
the  upper  arenaceous  limestone  beds  of  the  Clinton  group,  Ca- 
toosa Station,  Georgia,  which  will  be  fully  described  hereafter. 
It  diflfers  from  all  other  species  of  this  genus  in  having  a  distinct 
projecting  process  in  front  of  the  glabella.  The  facial  lines 
cut  the  anterior  border  at  the  apex,  giving  to  the  frontal  limb  a 
triangular  form;  at  their  juncture  the  marginal  border  is  raised 
and  forms  the  triangular  process  which  supports  the  projection. 


SCIENTIFIC    INTELLIGENCE. 

I.  Chemistky  and  Physics. 

1.  On  Electrolysis  with  AUemating  Currents. — Supposing  that 
certain  chemical  transformations  in  the  living  organism  are  due, 
not  to  reduction  or  oxidation  alone,  but  to  both  combined,  Dbech- 
SBL  has  devised  a  method  for  subjecting  a  liquid  to  reduction  and 
oxidation  in  rapidly  alternating  succession.  For  this  purpose,  the 
electrodes  of  a  Grove  battery  of  4  to  6  cells  are  placed  in  the 
solution,  an  automatic  commutator  being  included  in  the  circuit, 
so  as  to  reverse  the  current  rapidly.  Each  electrode  thns  becomes 
alternately  positive  and  negative,  first  oxygen  and  then  hydrogen 
being  alternately  evolved  on  its  surface  in  the  nascent  state,  each 
exerting  its  special  action  upon  the  dissolved  substance.     The 
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first  solution  experimented  with  was  one  of  ammonium  carbonate, 
the  same  as  is  used  as  a  reagent.  The  electrodes  were  of  platinum. 
Gas  was  actively  evolved,  the  temperature  rose,  and  after  eight 
hours  the  experiment  was  interrupted  and  the  liquid  was  evapo- 
rated on  the  water  4)ath.  From  it  a  salt  crystallized  out  iu  beau- 
tiful white  needles.  On  analysis  it  was  found  to  contain  64'69 
per  cent  of  platinum  and  was  evidently  a  salt  of  a  platinum  base. 
The  small  quantity  prevented  complete  investigation ;  though  its 
solution  gave  with  concentrated  hydr6chloric  acid  a  bright  green 
and  with  nitric  acid  a  sky-blue  crystalline  precipitate.  The 
electrodes  lost  in  ten  hours  0*1  gram;*  while  when  the  electrolysis 
was  conducted  with  a  continuous  current  in  the  ordinary  way,  no 
platinum  at  all  could  be  detected  in  the  solution  and  at  most  only 
0*002  gram  had  been  transported  from  the  anode  to  the  cathode. 
On  repeating  the  exneiiment  with  a  less  rapid  alternation  of  the 
cuiTcnt,  the  liquid  became  warm,  but  gave  no  precipitate;  on 
cooling  it,  however,  during  the  experiment,  an  abundant  crystal- 
line precipitate  was  formed  which  though  also  a  salt  of  a  platinum 
base,  contained  only  38*6  per  cent  of  platinum,  and  gave  with 
hydrochloric  acid,  not  a  green  but  a  colorless  crystalline  powder 
consisting  of  microscopic  needles.  Finally,  a  solution  of  grape 
sugar  mixed  with  sodium  phosphate  was  submitted  to  alternating 
electrolysis,  usine  platinum  electrodes  of  large  size,  contact  being 
prevented  by  a  disk  of  filter  paper  between  them.  At  the  close  of 
the  experiment,  there  was  formed  on  the  platinum,  at  the  place 
where  the  paper  had  rested  against  it,  a  brownish,  transparent 
crust,  easily  separated  into  plates,  and  which  left  on  combustion 
a  considerable  amount  of  platinum.  The  author  is  continuing  his 
experiments  upon  this  new  method. 

In  a  note  to  this  paper,  Kolbb  says  that  the  highly  interesting 
observations  of  Drechsel  raise  the  question  of  the  behavior  of  salts 
and  salt-solutions  of  inorganic  and  organic  acids  in  presence  of 
powerful  and  alternating  voltaic  currents;  as,  for  example, 
whether  an  aqueous  solution  of  potassium  acetate  suffers  decompo- 
sition without  accompanying  oxidation.  Since  Drechsel  does  not 
purpose  to  extend  his  studies  in  this  direction,  Kolbe  intends  to 
examine  the  action  of  a  series  of  salts  under  these  conditions. — 
J.  pr.  Ch,y  XX,  878,  Oct.,  1879.  g.  p.  b. 

2.  On  the  Basicity  of  Dithionic  or  HypomlpJmric  Acid, — It 
has  been  generally  assumed  that  hyposulpburic  acid  is  dibasic 
and  hence  that  its  formula  is  H,S,0^.     Kolbe  has  written  it  in 

his  Lehrbuch  -j  cq^qcj  or  di-sulphoxyl,  as  oxalic  acid  is  -j  rjQOH 

or  di-carboxyl.  If  this  view  be  true,  hyposulpburic  acid  should 
form,  not  only  normal  salts,  but  also  acid,  and  mixed  salts.  Kolbe 
has  set  several  of  his  students  at  work  to  endeavor  to  form  either 
an  acid  salt  or  a  mixed  salt,  an  ether  acid  or  an  amic  acid,  of 
hyposulpburic  acid,  but  without  effect.  Since  all  these  bodies  are 
,  readily  given  by  oxalic  acid,  Kolbe  comes  to  the  conclusion  that 
hyposulpburic  acid  is  monobasic  and  contains  but  one  hydroxyl 
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groTip.  Hence  the  formula  of  it  should  be  HSO,  or  (SOJOH. 
The  importance  of  this  conclusion  lies  in  this,  that,  if  it  be  con- 
ceded, the  equivalence  of  sulphur  is  five  in  this  compound  and  it 
becomes  a  perissad  instead  ol  an  artiad  as  it  is  in  all  other  com- 
binations.--t/;  »r.  CA.,  xix,  485,  June,  1879.  g.  f.  b. 

3.  On  the  Jyon-existence  of  Pentathionic  acid — In  the  hope  of 
converting  the  polythionic  acids  into  a  new  series  of  sulphur  acids 
poorer  in  oxygen,  Spbtng  submitted  them  to  the  action  of  sodium 
amalgam.  But  instead  of  the  result  expected  a  very  different  one 
was  obtained.  The  sodium  inserted  itself  between  the  sulphur 
atoms,  splitting  the  molecule  into  two  simpler  ones ;  just  as  oxalic 
acid  is  converted  by  hydrogen  into  formic  acid.  For  example, 
with  tetrathionate,  KO.SS .  8S0,K+Na.=K0,SSNa+NaSS0,K ; 
with  trithionate,KO,S.  SSO,K+Na,=KO.SNa+NaSSO,K;  with 
dithionate  KO.S .  SO.K+Na,=KO,SNa+NaSO.K  Precisely  as 
HO,C.CO,H+H,=HO,C.H+H.COH.  In  order  to  test  this 
reaction  in  the  case  of  pentathionic  acicl,  the  author  attempted  the 
preparation  of  this  body ;  but  after  five  months  of  work  he  was 
unable  to  obtain  it.  This  result  raised  the  question  of  the  exist- 
ence of  this  acid.  All  attempts  to  prepare  it,  by  the  method 
either  of  Wackenroder  or  of  Fordos  and  Gelis  resulted  only  in  the 
production  of  tetrathionic  acid.  The  action  of  hydrogen  sulphide 
upon  sulphurous  oxide  in  aqueous  solution  produces  hyposulphur- 
ous  acid ;  and  this  is  oxidized  as  it  is  formed  into  tetrathionic 
acid  by  the  sulphurous  acid  present,  the  hydrosulphurous  acid  of 
Schutzenberger  being  formed  at  the  same  time.  Pentathionic 
acid,  therefore,  appears  to  be  as  yet  unknown. — Liebig^s  Ann., 
cxcix,  97,  Oct,  1879.  ,  g.  f.  b. 

4.  On  the  Atomic  Weight  of  Telluriiim, — Wills  has  undertaken 
a  re-determination  of  the  atomic  weight  of  tellurium,  in  order  to 
Qiscertain  whether  the  value  of  this  constant  as  at  present  accepted 
from  the  experiments  of  Berzelius  and  von  Hauer,  or  the  value 
assumed  for  it  in  Mendelejeff's  classification,  is  the  more  correct. 
The  crude  tellurium  was  purified  by  fusion  with  sodium  carbonate 
and  sulphur,  the  fusion  extracted  with  boiling  water,  the  filtrate 
acidulated  with  acetic  acid,  the  precipitate  well  washed,  oxidized 
with  nitric  acid,  evaporated  to  dryness,  heated  with  hydrochloric 
acid,  the  tellurium  precipitated  by  sodium  sulphite,  washed,  dried, 
fused  with  potassium  cyanide,  the  fusion  treated  with  water  and 
the  deep-claret  solution  exposed  to  the  air  in  a  flask  when  the 
tellurium  separates  in  long  needle-shaped  crystals.  After  washing 
and  careful  drying  these  were  distilled  in  a  current  of  hydrogen. 
The  distilled  water,  nitric  and  hydrochloric  acid  used  were  care- 
fully purified  and  the  accuracy  of  the  weights  and  balance  em- 
ployed verified.  On  oxidizing  the  tellurium  with  nitric  acid,  and 
calculating  the  atomic  weight  from  the  TeO,  obtained,  the  mean 
of  five  experiments  gave  1 27*8  with  a  probable  error  of  0'32.  Four 
experiments  on  oxidation  with  equa  regia  gave  127*907  with  a 
probable  error  of  0*053.  Five  determinations  by  von  Haner's 
method,  of  the  bromine  in  the  compound  K,Te6r^,  gave  Tc  = 
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126*88  with  a  probable  error  of  0'198.  Hence  the  atomic  weight 
of  tellurium  is  essentially  that  obtained  by  Berzelins  and  von 
Hauer,  and  is  higher  than  that  of  iodine,  after  which  in  Mendele- 
Jeff's  system  it  should  be  placed,  instead  of  between  iodine  and 
antimony. — J.  Ch.  Soc.y  xxxv,  704,  Oct.,  1879.  g.  p.  r 

5.  On  the  Preparation  of  Propylene  glycol  from  Glycerin. — 
A  very  convenient  method  has  been  proposed  by  Bblohoubek, 
for  the  direct  preparation  of  propylene  -  glycol  from  glycerin. 
When  glycerin  is  mixed  with  sodium  amalgam  in  the  proportion 
of  one  molecule  of  glycerine  to  one  atom  of  sodium,  and  gradually 
warmed,  a  gummy  mass  results  which,  according  to  I^etts,  con- 
sists chiefly  of  monosodium  glycerata  On  submitting  this  to 
distillation,  water  and  gas  are  at  first  evolved,  then  there  comes 
over  a  colorless  li<][uid  readily  miscible  with  water,  and  a  brown 
strongly  smelling  hquid,  lighter  than  water.  The  colorless  liquid 
fractionated  gave  a  product  boiling  at  18d*-188®,  having  a  weak 
odor  like  allyl,  a  burning  taste,  removable  by  agitation  with  ether, 
and  on  analysis  the  formula  of  propylene  glycoL  Its  specific 
gravity  at  0°  C,  was  1*064,  its  vapor  density  2*68.  With  hydro- 
chloric acid,  it  formed  a  chlorhydrin,  which  by  the  action  of 
caustic  potash  gave  propylene  oxide.  The  yield  was  about  16 
per  cent  of  that  required  by  theory.  That  the  action  here  is  due 
to  the  sodium  of  hydrate  formed,  was  proved  by  distilling  equal 
molecules  sodium  hydrate  and  glycerin.  Nine  per  cent  of  the 
theoretical  yield  was  obtained. — Ber.  Berl.  Chem.  Oes.^  xii,  1872, 
Oct.,  1879.  G.  F.  a 

6.  On  Skatol— 'In  his  researches  on  the  volatile  substances 
contained  in  human  feces,  Bbiegbb  isolated  a  series  of  bodies  be- 
longing, some  to  the  fatty  and  others  to  the  aromatic  class.  The 
principal  aromatic  product  of  the  decomposition  of  albumen  in  the 
intestinal  canal,  is  a  substance  resembling  indol  to  which  he  has 
assigned  the  name  skatol.  It  crystallizes  in  brilliant  white  plates 
and  posesses  an  intense  fecal  odor.  It  fuses  at  93*5°,  and  b  diffi- 
cultly soluble  in  water.  Warmed  with  dilute  hydrochloric  or 
nitric  acid,  it  gives  a  violet  color.  Analysis  gives  it  the  formula 
C^H^N,  its  vapor  density  being  66*2.  JDlood-albumen,  digested 
with  pancreas  and  water  at  36  C.  for  six  to  ten  days,  yields  ska- 
tol on  distillation.  Two  and  a  half  kilograms  albumen  gave  one 
gram  of  skatol — Ber.  BerL   Chem.  Ges.y  xii,  1985,  Oct.,  1879. 

O.   F.   B. 

7.  On  the  Synthesis  of  Lactose, — ^Dbmolb  has  succeeded  in 
effecting  a  partial  synthesis  of  milk-sugar,  accomplishing  an  im- 
portant step  toward  its  complete  synthetical  production.  Starting 
from  the  octacetvl-difflucose  of  Schutzenberger,  which  is  isomeric 
and  not  identical  with  octacetyl-saccharose,  the  author,  assuming 
that  the  glucose  molecules  of  both  saccharose  and  lactose  are  d\T' 
ferent,  sought,  by  combining  levulose  and  dextrose  to  produce 
saccharose  and  by  uniting  galactose  with  lactoglucose  to  produce 
lactose.  Comparing  octacetyl-diglucose  with  octacetyl-saccharose, 
they  were  found  to  have  some  points  of  difference,  in  solubility, 
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in  rotatory  power,  and  in  their  reactions,  the  former  yielding  dU 
ffluoose,  the  latter  cane-sugar.  By  the  action  of  dilate  acids  upon 
lactose,  two  isomeric  bodies,  galactose  and  lactoglucose  are  pro- 
duced. After  removal  of  the  acid,  the  product  of  this  reaction 
was  evaporated  and  carefully  dried.  It  had  all  the  properties  of 
a  mixture.  It  was  mixed  with  three  parts  of  acetic  oxide,  and 
heated  to  boiling  until  complete  solution  resulted.  On  treatment 
with  water,  a  gelatinous  ether  resulted  having  the  properties  of 
octacetyl-lactose.  On  saponification  by  pouring  tne  alcoholic 
solution  of  the  synthesized  ether  into  baryta  water  at  90^,  and 
heating,  there  was  obtained,  on  neutralizing  and  evaporating  to 
dryness,  and  recrystallizing,  a  substance  having  all  the  properties 
of  lactose,  crystallizing  in  the  orthorhombic  system,  and  having  a 
rotation  (a)D=  +  56-7  .  On  heating  to  140°-145°,  it  afforded  an 
anhydride. — J3er.  Berl  Ghfm.  Ges.,  xii,  1935,  Oct.,  18Y9. 

G.   F.   B. 

IL  Geology  and  Natural  History. 

1,  Beport  of  the  Geological  Survey  of  Canada,  for  1877-78, 
Alfred  R.  C.  Sblwtn,  Director.  8vo.  Montreal,  1879.  (Daw- 
son Brothers). — ^This  volume  contains  a  wide  range  of  geo- 
logical observations,  and  is  a  very  valuable  contribution  to  the 
science.  It  includes  a  Report  on  the  Quebec  group  by  Mr.  Selwyn  ; 
on  Southern  British  Columbia  (178  pages)  by  G.  M.  Dawson; 
with  an  Appendix  on  the  Fossil  Insects,  by  S.  H.  Scuddbr,  and 
on  Tertiary  plants,  by  Dr.  Dawson  ;  on  the  East  coast  of  Hudson 
Bay,  and  on  the  country  between  this  Bay  and  Lake  Winnepeg, 
by  R.  Bell  ;  on  New  Brunswick  Geology,  by  R.  W.  Ells,  L.  W. 
Bailey,  and  G.  F.  Mathew;  on  Cape  Breton,  N.  S.,  by  H, 
Fletcher  ;  on  minerals  of  the  Apatite-bearing  veins  of  Ottawa, 
with  notes  on  miscellaneous  rocks  and  minerals,  by  B.  J.  Har- 
rington ;  on  Canadian  Apatite,  by  C.  Hoffmann  ;  and  is  illus- 
trated by  many  sketches,  sections  and  maps. 

Mr.  Selwyn  divides  the  Quebec  series  of  Logan  into  three 
groups:  "  (1.)  The  Lower  Silurian  group,"  containing  fossils; 
"  (2.)  The  Volcanic  group,  probably  Lower  Cambrian.'*  "  (3.) 
The  Crystalline  Schist  group  (Huronian  ?)."    The  evidence  of  a 

feneral  volcanic  ori^n  of  the  second  group  is  not  stated.  The 
inds  of  rocks  mentioned : — "  thick-bedded  feldspathic,  chloritic, 
epidotic  and  quartzose  sandstones,  red,  graj  and  greenish  sili- 
ceous slates  and  argillites,  great  masses  of  dioritic,  epidotic  and  ser- 
pentinous  breccias  and  agglomerates,  diorites,  dolerites,  and 
amygdaloids  holding  copper  ores,  serpentinous  felsites,  and  some 
fine-grained  granitic  and  gneissic  rocks,  also  crystalline  dolomites 
and  calcites,"  make  a  remarkable  assemblage  to  be  spoken  of  as 
"  these  volcanic  rocks."  They  were,  for  the  most  part,  included  in 
the  Sillery  sandstone  formation  by  Logan.  The  account  of  the 
Quebec  group  is  followed  by  the  statement  that,  "  in  view  of  the 
usual  associations  of  Labracfor  feldspars,"  (referring  here  to  their 
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occTirring  as  a  constituent  of  some  igneous  rocksj  "  the  labrado- 
rite  or  anorthosite"  rocks  of  the  Adirondacks  and  British  America, 
probably  **  represent  the  vokcniie  and  intrusive  rocks  of  the  Lau- 
rent! an  period." 

These  conclusions  as  to  volcanic  rocks  make  the  mineral  labra- 
dorite,  and  some  others,  settle  a  great  question  that  should  be  set- 
tled by  geological  investigation  ;  for  we  rightly  ask  that  volcanic 
origin  should  be  proved  by  the  presence  of  obvious  volcanic  or 
eruptive  conditions.  What  there  is  in  a  lime-and-soda  feldspar  to 
make  its  presence  proof  of  eruptive  origin,  or  of  the  existence  of 
great  volcanoes  in  a  region  that  shows  no  other  evidence  of  it,  no 
one  has  pointed  out.  Lime  is  an  exceedingly  common  material  in 
sediments ;  and  soda  or  sodium  is  present  in  other  feldspars,  and, 
in  the  state  of  chloride,  abounds  in  sea  water  and  ocxsurs  in  salines 
and  beds  of  rock-salt  in  strata  of  various  ages.  Moreover,  the 
mineral  labradorite,  certainly  does  occur  as  a  chief  constituent  in 
some  metamorphic  rocks  that  have  nothing  of  volcanic  origin  in 
their  constitution,  as  the  writer  has  shown  to  be  true  in  the  vicin- 
ity of  New  Haven,  Connecticut.  So  with  felsyte,  a  rock  made  up 
of  common  feldspar  or  orthoclase,  with  often  quartz — ^its  composi- 
tion is  not  sufficient  evidence  of  an  igneous  or  volcanic-ash  ongin. 

Announcements  on  such  evidence,  of  the  former  existence  of 
volcanoes  in  a  region,  belong,  in  the  writer's  view,  only  to  fancy- 
sketches. 

The  rocks  of  Mr.  Selwyn's  volcanic  series  were,  for  the  most 
part,  pronounced  metamorphic  by  Logan,  one  of  the  best  of  geolo- 
gists ;  and  the  list  above  given  seems  to  show  that  Logan  was,  in 
all  probability,  right  in  this  respect,  whatever  may  be  the  fact  as 
to  tne  relative  position  of  the  Sillery  sandstone  and  the  fossilifer- 
ous  beds  of  the  Quebec  group.  The  facts  afforded  by  the  Green 
Mountain  region  to  the  south  in  Vermont  and  Massachusetts, 
brought  out  by  Mr.  Wing  and  the  writer,  bear  on  the  latter  quee- 
tiop. 

In  the  course  of  Mr.  Selwyn's  paper  on  the  Quebec  group, 
he  makes  the  just  remark:  that  the  names  Norian,  Montalban, 
Taconian  and  feeweenian,  **  applied  to  pre-Cambrian  formations," 
serve  no  useful  purpose ;  these  representing  '*  simply  groups  of 
strata  which  occupy  the  same  geological  interval  and'  present  no 
greater  differences  in  their  physical  and  mineralogical  characters 
than  are  commonly  observed  to  occur  in  formations  of  the  same 
epoch  in  widely  separated  regions."  "  No  better  instances  of 
such  difference  could  be  cited  than  the  Mesozoic  and  Carbonifer- 
ous foi-mations  of  British  Columbia,  and  those  of  the  same  periods 
in  Eastern  America  and  the  Silurian  and  Cambrian  formations  of 
Australia,  Europe  and  America." 

Mr.  G.  M.  Dawson's  report  contains  a  large  amount  of  im- 
portant information,  both  geological  and  economical.  With  re- 
gard to  tlie  drift  of  the  interior  of  Columbia,  he  says  that  gla- 
cial markings  occur  up  to  a  height  of  6,280  feet  on  Iron  Mountain; 
that,  in  the  early  part  of  the  Glacial  era,  a  great  glacier,  confluent 
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with  tl^at  of  the  coast,  covered  probably  the  interior  of  the 
Province,  which  may  have  been  2,000  feet  thick;  that  the  regions 
of  greatest  precipitation  and  height  of  the  ice  was  north  of  the 
54th  parallel ;  that  it  is  "  highly  probable  "  that  that  part  of  the 
Pacific  coast  stood  at  an  elevation  greater  than  at  present  in  times 
immediately  preceding  the  Glacial,  and  '^  may  have  retained  this 
altitude  "  during  the  era  of  the  great  confluent  glacier.  He  adds, 
with  an  expressed  questioning,  '^  If  I  am  right  in  attributing  the 
flooding  of  the  interior  to  the  sea,  we  find  a  rapid  subsidence  of 
the  land  coincident  with  the  decay  of  these  vast  glaciers;"  and  then 
speaks  of  a  second  short  advance  of  the  glaciers  on  the  plateau 
from  the  mouu tains.  No  evidence  of  the  presence  of  the  sea  in 
fossils  or  other  decisive  facts  is  presented. 

Mr.  R.  Bell  states,  that  on  the  east  coast  of  Hudson  Bay  there 
is  ^^  abundant  evidence  that  the  sea-level  is  falling  at  a  compara- 
tively rapid  rate ;"  that  since  the  Posts  of  the  Fludson  Bay  Com- 
pany were  established  at  the  mouths  of  the  various  rivei's,  there 
has  been  an  increasing  difliculty  in  approaching  them  with  large 
craft;  that  it  amounts  probably  to  between  5  and  10  feet  a  cen- 
tury. Mr.  Bell  states  that  this  sinking  is  apparent  also  on  the 
west  coast  of  the  bay  at  the  mouth  of  the  Nelson  and  Haye's 
Rivers ;  that  an  island,  "  Mile  Lands,"  now  several  feet  above 
high  tide,  was,  "  within  the  recollection  of  the  generation  pre- 
ceding the  present  one,  submerged  at  high  tide."  About  the 
beginning  of  the  present  century  vessels  ventured  in  Ten-shilling 
Creek,  which  could  not  now  approach  its  mouth.  To  the  horth 
of  Lake  Winnipeg,  a  region  of  lakes,  the  glacial  scratches  in 
general  run  south  westward,  and  the  direction  is  mostly  between 
§.  36°  W.  and  S.  65°  W. 

The  reports  on  New  Brunswick  have  great  interest  from  the  re- 
lation of  the  rocks  to  those  of  Maine,  and  Mr.  Mathew's,  on  the 
superficial  geology  of  the  Province,  gives  long  lists  of  courses  of 
glacial  8tri»,  as  well  as  other  information  respecting  the  Quater- 
nary. These,  and  the  following  reports,  contam  much  that  would 
be  cited  here  if  space  allowed.  j.  d.  d. 

2.  The  Geological  and  Natural  History  Survey  of  Minnesota^ 
under  N.  H.  Winchell,  State  Geologist.  1th  Annual  Report  for 
the  year  1878.  123  pages,  8vo.  Minneapolis,  1879. — The  re- 
port contains  a  statement  as  to  the  work  of  the  year,  made 
brief  in  accordance  with  the  action  of  the  Board  of  Regents, 
which  has  ordered  also  that  the  survey  be  substantially  completed 
in  four  years,  and  be  followed  by  the  publication  of  a  Final  Report 
of  two  volumes,  one  on  the  Northern  part  of  the  State,  and  the 
other  on  the  Southern.  The  chief  part  of  the  volume  is  occupied 
with  a  paper  by  C.  L.  Herrick,  on  the  Entomostraca  of  the  State, 
which  IS  illustrated  by  20  plates.  The  writer  recommended  the 
publication  of  this  paper  as  the  report  states ;  but  he  does  not 
vouch  for  the  correct  determination  of  all  the  species.      j.  d.  d. 

8.  Brief  Notices  of  some  receMly  described  Minerals, — Eggonite, 
Observed  by  Schrauf  in  minute  crystals,  of  a  light  brown  color, 
Am.  Jour.  8oi.— Thibd  Sbries,  Vol.  XVIO,  No.  lOa— Dec,  1879. 
31 
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implanted  upon  crystals  of  calamine  from  Altenber^,  near  Aacben. 
The  crystals  bear  some  resemblance  to  certain  simple  forms  of 
barite,  bnt  are  in  fact  triclinic,  tbongh  with  a  pseudo-monoclinic 
symmetry  dae  to  twinning.  H.=:4-5.  In  composition  probably 
a  silicate  containing  cadmiam. — {Zeitsch.  KryH.^  iii,  352). 

SerrengrundUe.  Described  by  Brezina  as  a  basic  copper  sul- 
phate. It  occurs  in  six-sided  tabular  crystals,  belonging  to  the 
monoclinic  (or  triclinic)  system,  with  perfect  basal  cleavage. 
H.  =  2*5.  Color  dark  emerald  green.  Associated  with  gypsom, 
malachite  and  calcite  from  Herrengmnd  (Urvdlgy),  Hungary 
(Zeitsch.  Eryst,  iii,  359).  The  same  mineral  was  described 
about  the  same  time  by  SEab6  (Tsch.  Min.  Mitth.,  ii,  311)  imder 
the  name  Urvdlgyite.  He  differs  from  Brezina  in  making  the  lime 
afforded  by  the  analysis  an  essential  constitntent  of  the  mineral, 
while  the  latter  regarded  it  as  being  due  to  the  presence  of  gypsum. 

Hofmannite,  Occurs  in  colorless,  tasteless,  tabular  crystals 
in  lignite.  Composition  given  by  the  formula  C^^H^^O.  Described 
by  Bechi  (Pisa). 

Leucomanganite.  A  foliated  and  radiated  snow-white  mineral 
Colorless  in  thin  plates,  but  before  the  blowpipe  becomes  brownish- 
black  and  fuses  easily.  Chemical  composition  unknown ;  contains 
protoxides  of  iron  and  manganese,  alkalies  and  water. — {Sandber- 
gcTy  Jahrh,  Min.y  1879,  370.) 

jbouisite,  A  leek-green,  translucent,  vitreous  mineral;  brittle 
with  splintery  fracture.  H.  =  6*5.  G.  =:  2*41.  Grelatinizee  in 
hydrochloric  acid.     An  analysis  by  H.  Louis  afforded: 

SiOt       AlsOs      FeO     MnO       OaO        MgO       Na,0      £,0       H,0 
63-74        0-57         1-25        tr        17-27        038        0*08        3*38       12-96=99-63 

From  Blomidon,  N.  S. ;  named  by  D.  Honeyman. 

Heinite.  A  blackish-brown,  opaque  mineral,  with  sub-metallic 
luster.  Observed  in  large  crystals  belonging  to  the  tetragonal 
system.  The  composition  is  expressed  by  the  formula  FeWO . 
Discovered  by  Professor  Rein  in  Eimbosan  in  Eei,  Japan,  named 
by  K.  v.  Fritsch  and  described  by  Luedecke. — {Jahrb.  Mifky 
1879,  286.) 

Flagiocitritey  Clinophceitey  WaUeviUUey  Clinocrocite:  Hydrous 
sulphates  described  by  S.  Singer  as  being  identified  by  him  at 
the  Bauersberg,  near  Bischo&heim. 

Bhreckite  (Vreckite),  XantholiUy  AbricuihanUe :  Names  given 
provisionally  oy  Heddle  to  substances  "  which  may  prove  to  be 
new  Scottish  minerals."  Bhreckite  is  a  chlorite-like  mineral; 
xantholite  has  nearly  the  composition  of  staurolite,  but  is  thought 
to  be  monoclinic  in  crystallization;  abriachanite  is  an  impure, 
bluish  clay-like  mineral. — {Min.  Mag.y  iii,  57,  1879.) 

HaugfUonite  is,  according  to  Heddle,  a  new  mica.  It  has  a 
jet  black  color,  in  thin  plates  transmitting  a  dark  brown  light 
6.  =  3*03.  An  analysis  of  material  from  homblendic  gneiss  of 
Roneval  afforded: 

FeO      MnO    MjrO     CaO    Na,0    X,0     H,0 

=  10016 


SiO, 

A1,0, 

FGaO, 

FeO 

MnO    MgO 

CaO    Na,0    X,0 

H,0 

J7-16 

15-01 

7*69 

17-36 

104      8-88 

1-13      1-60     8-18 
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Analyses  of  a  similar  mica  from  other  localities  afforded  results 
agreeing  more  or  less  closely  with  the  above.  Its  claim  for  recog- 
nition as  a  species  distinct  ft>om  biotite  and  lepidomelane  rests 
chiefly  upon  tne  relative  proportion  of  the  two  oxides  of  iron. 

4.  Ueberden  Boradt  von  H.  Baumhausr. — ^Through  an  investi- 
gation of  the  etching  figures  produced  on  crystals  of  boracite  by 
a  dilute  mixture  of  hydrochloric  and  sulphuric  acids,  Baumhauer 
has  proved  that  the  species  belongs  to  tne  orthorhombic  system. 
This  conclusion  was  earlier  reached  by  Mallard,  but  Baumhaaer 
explains  the  occurring  forms  by  a  somewhat  different  and  more 
simple  method  of  twinning.  Tlie  method  of  investigation 
employed  is  one  which  he  has  done  much  to  develop,  and  which 
he  has  successfally  applied  to  the  solution  of  other  similar  prob- 
lems.— {Zeitach,  Kryat^  iii,  337.) 

5.  Genaue  Messungen  der  Epidot-KrystaUe  am  der  Knappen- 
wand  im  oberen  H^ul/zhacfUhdl  von  N.  von  Koksoharow,  Sohn. — 
The  already  very  extensive  series  of  monographs  devoted  to  the 
crystallization  of  epidote  has  been  recently  enlarged  by  an 
important  memoir  by  N.  von  Kokscharow,  the  son  of  the  great 
Russian  mineralogist.  This  memoir  contains  the  result  of  a  large 
amount  of  careful  work,  including  the  measurement  and  calcum- 
tion  of  the  important  angles  of  the  occurring  forms.  The  axial 
ratio  and  angle  of  inclination  for  the  species  are  determined  with 
a  high  degree  of  exactness  that  leaves  nothing  to  be  desired. 

6.  Canadian  Apatite;  by  Christian  Hoffmann  (G^logical 
Survey  of  Canada). — Mr.  Hoffmann  has  analyzed  a  series  of  Cana- 
dian apatites ;  he  shows  that  they  all  belong  to  the  class  of  fluor- 
apatites  containing  but  a  very  small  amount  of  chlorine.  They 
are  in  general  very  free  from  impurity,  as  oxide  of  iron. 

7.  Eucalyptographia  :  A  Descriptive  Atlas  of  ths  Mjtcalypts  of 
Australia  and  the  adjoining  Islands  :  by  Baron  Ferdinand  von 
Mueller,  K.C.M.G.,  F.R.S.,  etc.  Decades  1  and  2,  4to,  1879. 
Melbourne  and  London.  (Trtlbner,  &c.). — It  was  a  happy  thought 
of  the  noted  Australian  botanist  to  describe  anew  and  illustrate  the 
species  of  Eucalyptus^ — a  thought  long  entertained,  we  are  told, 
and  at  length  undertaken  under  the  patronage  of  the  Victorian 
Government,  and  under  conditions  which  promise  success.  For, 
in  a  country  in  which  trees  are  of  inestimable  value,  this  genus 
comprises  the  principal  timber-vegetation  and  is  rich  in  other  in- 
dustrial products,  while  the  species  are  very  numerous,  of  very 
different  economical  importance  and  use,  and  almost  throughout 
they  are  of  difficult  botanical  limitation.  Then  Eucalyptus-trees 
are  the  sole  rivals  of  the  Sequoias  of  California  in  grandeur,  ap- 
pear in  some  cases  to  surpass  them  in  height,  and  certainly  exceed 
them  in  rapidity  of  growth.  For  the  task  in  hand,  even  if  eco- 
nomical considerations  alone  are  taken  into  account,  the  indefati- 
gable editor  will  certainly  need,  and  ought  freeljr  to  command,  all 
the  aids  which  can  be  afforded ;  but  he  complams,  in  the  preface, 
that  indispensable  auxiliaries  which  he  formerly  controlled,  have 
been  withdrawn  from  the  Government  Botanist's  department 
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The  complaint  has  reference  to  laboratory  accommodation  for 
technological  investigation,  and  to  the  author's  separation  from 
the  Botanic  Garden,  containing  a  large  collection  of  growing 
trees  which  he  had  laboriously  brought  together.  Per  contra^  let 
him  consider  how  much  valuable  time  he  saves  for  true  botanical 
work  by  his  riddance  from  the  multifarious  cares  which  garden- 
superintendence  involves. 

In  a  work  of  this  kind,  which  must  needs  take  several  years  to 
finish,  during  which  new  species  are  sure  to  be  discovered,  and 
new  information  respecting  the  old  ones  is  sure  to  come  to  light, 
the  only  practicable  course  is  to  bring  out  the  illustrations  without 
regard  to  scientific  order,  leaving  them  to  be  collected  and  system- 
atically arranged  at  the  completion  of  the  undertaking.  Conse- 
quently the  figures  and  the  letter-press  are  neither  paged  nor 
numbered.  Both  are  in  quarto  form,  a  leaf  (and  commonly  the 
whole  of  its  two  pages),  as  also  a  well-filled  plate,  being  devoted 
to  each  species.  The  plates  are  well  drawn,  executed  in  good 
lithography,  and  contain  fair  dissections  and  not  a  little  ot  mi- 
croscopical detail.  Some  extra  plates  are  given  in  illustration  of 
the  structure  of  the  wood,  and  also  of  the  anthers.  To  figure  all 
the  Eucalypti  will  require  fourteen  or  fifteen  decades ;  even  then 
the  work  will  be  comparatively  low-priced,  for  the  decades  are 
published  at  five  shillings  each.  The  book  will  have  an  interest 
beyond  Australia,  in  all  climates  in  which  the  cultivation  of  these 
trees  may  be  hopefully  attempted,  such,  for  instance,  as  the  south- 
western part  of  California.  Indeed  the  mountain  species  might 
be  tried  on  any  part  of  our  western  coast ,  and  some  might  be 
expected  to  withstand  the  occasionally  severe  cold  of  the  districts 
bordering  the  Gulf  of  Mexico.  a.  g. 

8.  MonographloB  Phanerogamarum  Prodromi^  nunc  Continu- 
ation nunc  jRevisio  auctoribus  Alphonso  et  Casimir  DeCandollb. 
Vol.  IF,  Aracece  auctore  Engleb.  Paris:  Masson,  Sept,  1879. 
pp.  681. — This  second  volume  of  the  supplement  to  the  Prodromus 
18  completely  occupied  by  Dr.  A.  Engler,  now  Professor  at  Kiel, 
with  his  monograph  of  the  order  Aracece,  This  great  order  Engler 
accepts  in  the  largest  sense,  including  the  "  PistioidecB*^  (of  Pistia 
only  reduced  to  a  single  species),  and  the  ^^  Lemnoidec^^  {Spiro- 
dekr^  Lemna^  and  Wolffia)^  these  being  ranked  as  the  ninth  and 
tenth  sub-families  of  the  order.  The  larger  of  the  other  sub- 
families divide  into  tribes  and  sub-tribes,  and  the  genera  are  one 
hundred  and  one  I  A  condensed  account  of  the  structure,  distri- 
bution, and  taxonomy  of  Araceous  plants  precedes  the  systematic 
portion,  and  a  full  index  follows.  There  are  no  figures ;  but  the 
author  has  illustrated  the  Brazilian  species  in  the  Flora  Brasili- 
ensis,  and  the  structure  and  classification  in  the  Acta  of  the  Acad. 
Nat.  Curiosorum.  The  genera  and  species  of  Lemna^^eoe  or  Lemn&B 
(names  surely  to  be  preferred  to  ^^  JLemnoidec^^)  are  omitted,  being 
the  subject  of  a  recent  monograph  by  Hegelmaier.  Under  the 
habitat  the  country  is  cited,  and  then  the  specimens  which  have 
come  under  the  author's  observation,  with  their  source.        a.  o. 
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9.  Anatomie  Comparie  des  FeuiUes  chez  qvelqves  Families  de 
Dicotyledones ;  par  M.  Casimib  DeCondolle.  A  memoir  sep- 
arately issued  from  the  Mem.  Soc.  Phys,  and  Hist.  Nat.  de  Gen^ve^ 
tome  xxvii,  partie  2.  1879.  pp.  427-480,  and  two  plates,  4to. — 
One  of  Cassimir  DeCandoUe's  earliest  studies  was  into  the  struc- 
ture and  relations  of  the  fibro-vascnlar  elements  of  the  leaf,  and 
the  results  and  deductions  were  brought  out  in  his  brief  article 
entitled  Theorie  de  la  Feuille,  in  the  year  1858.  "^Che  present 
paper  is  in  no  respect  theoretical,  nor  does  it  investigate  the 
minute  anatomy  and  formation  of  the  vascular  bundles.  But  it 
presents  a  comparative  view  of  the  general  structure  of  the  woody 
system  of  the  petiole  and  principal  veins  in  a  very  considerable 
number  of  Dicotyledons,  mainly  trees,  and  belonging  to  different 
natural  orders.  In  this  way  the  nature  of  the  principal  differences 
from  species  to  species,  and  from  one  order  to  another,  are  brought 
to  view,  and  the  taxonomical  value  of  such  characters  indicated. 
It  is  found  that  different  species  of  the  same  genus  sometimes 
accord,  but  sometimes  differ  notably  in  this  part  of  their  anatomy. 
Wherefore  the  classificatory  importance  of  these  differences  is  low, 
yet  they  may  often  be  turned  to  good  account  in  the  discrimina- 
tion of  related  species.  The  essential  fibro-vascular  system  of  the 
petiole,  as  displayed  on  a  cross-section,  forms  either  a  closed  ring 
or  an  arc  open  superiorly  between  the  outer  or  cortical  and  the 
inner  or  medullary  tissue ;  in  the  first  case  it  is  said  to  be  closed  or 
complete,  in  the  second  open  or  incomplete.  Very  commonly  this 
is  the  only  vascular  system  of  the  petiole,  ribs,  or  veins.  Not  rarely 
there  are  additional  or  accessory  bundles,  sometimes  external  to 
the  essential  system,  or  intracortical ;  sometimes  within  the  arc 
or  ring,  or  intramedullary ;  occasionally  there  are  both  intracor- 
tical and  intramedullary  bundles.  Generally  plants  of  the  same 
order  will  agree,  at  least  approximately,  in  having  the  closed  or 
open  system,  and  in  having  or  wanting  the  accessory  bundles 
without  or  within.  But,  while  Acer  Pseudo-platamis  has  a  well 
developed  intramedullary  cord,  A.  platdnotdes  has  none,  and  in 
general  the  Maples  are  aivided  in  this  respect  quite  independent 
of  other  characters;  and  the  difference  is  similar  and  equally 
marked  between  the  species  of  ^sculus.  The  oaks,  which  have 
been  made  a  special  study  in  this  regard,  appear  to  be  somewhat 
equally  divided  between  species  provided  witn  and  those  destitute 
of  intramedullary  bundles;  but  related  species  generally  belong 
to  the  same  oateeory,  yet  not  always.  For  in  one  case  two  species, 
of  doubtful  distinction  until  now,  are  confirmed  bv  the  discovery 
of  an  anatomical  difference  of  this  sort.  All  the  Birches  examined 
want  the  intracortical  bundles  and  the  principal  system  forms  an 
open  arc,  and  one  or  two  Aldere  nearly  agree  with  them ;  while  the 
others  have  a  closed  ring  and  are  furnished  with  intracortical  bun- 
dles. The  two  plates  contain  about  thirty  accurately  drawn  and  care- 
fully engravea  figures  of  sections,  moderately  magnified.       a.  q. 

10.  Senthain  and  Hooker^s  Genera  Plantarum. — It  is  known  to 
Botanists  generally  that  the  first  part  of  the  third  (and  concluding) 
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volame  of  this  important  work  is  passiog  through  the  press.  We 
are  informed  that  this  part,  which  will  complete  the  DicotyledoneSy 
will  be  published  in  London  at  the  close  of  the  year.  It  is  known 
to  many  of  his  correspondents  that  the  present  writer  has  arranged, 
by  takme  a  considerable  nmnber  of  copies  to  secure  this  work 
for  Amencan  botanists,  or  the  public  libraries  with  which  some 
of  them  are  connected,  at  a  reduced  price.  As  his  own  lists  of 
those  who  have  hitherto  received  the  work  through  his  mediation 
may  not  be  complete,  all  those  who  wish  to  obtain  the  new  part  in 
this  way  are  requested  to  communicate  with  him  upon  the  subject 
without  delay.  a.  g. 

11.  Chesapeake  Zoological  Laboratory;  Johns  Hopkins  Vhu 
versity,  Baltimore,  Md.  Scientific  Hesults  of  ths  Session  of 
1878  (June  24th  to  August  19th.)  IVO  pp.  8vo,  with  13  plates. 
Baltimore:  1879. — This  volume,  issued  under  the  auspices  of  the 
Johns  Hopkins  University,  contains,  besides  lists  of  land  plants 
and  animals  found  at  Fort  Wool,  the  following  important  zoologi- 
cal papers:  Development  of  Lingula,  Development  of  Grastero- 
pods,  and  Development  of  Squilla,  with  1 2  plates,  by  W.  K, 
Brooks ;  Jjucifer  typiis^  by  W.  Faxon,  with  1  plate ;  and  Early 
stages  of  Amphioxus,  by  H.  J.  Rice,  with  2  plates. 


III.  Astronomy. 

1.  The  Minor  Planets^  arranged  in  the  order  of  their  numbers; 
by  Aaron  N,  Skinner.  (Communication  to  the  Editors,  dated 
]n  aval  Observatory,  Washington,  October  4.) 


No. 

Name. 

Discoverer. 

Disa 
No. 

No. 

Name. 

Discoverer. 

Disc 
Na 

1 

Ceres 

Piazzi 

20 

Massalia 

DeGasparis 
Goldschmidt 

6 

2 

Pallas 

Gibers 

1 

21 

Lutetia 

1 

8 

Juno 

Harding 

22 

Calliope 

Hind 

1 

4 

Vesta 

Gibers 

2 

28 

Thalia 

Hind 

8 

5 

AstrsBa 

Hencke 

1 

24 

Themis 

DeGasparis 

7 

6 

Hebe 

Hencke 

2 

26 

Phocaea 

Chacomac 

1 

7 

Iris 

Hind 

1 

26 

Proserpina 

Luther 

2 

8 

Flora 

Hind 

2 

27 

Euterpe 

Hind 

9 

9 

Metis 

Graham 

28 

Bellona 

Luther 

3 

10 

Hygeia 

DeGasparis 

1 

29 

Amphitrite 

Marth 

11 

Parthenope 

DeGasparis 

2 

80 

Urania 

Hind 

10 

12 

Victoria 

Hind 

d 

81 

Euphrosyne 

Ferguson 

1 

Id 

Egeria 

DeGasparis 

3 

32 

Pomona 

Goldschmidt      2 

14 

Irene 

Hind 

4 

83 

Polyhymnia 

Chacornac 

2 

16 

Eunomia 

DeGasparis 

4 

34 

Circe 

Chacomac 

3 

16 

Psyche 

DeGasparis 

6 

3"} 

Leucothea 

Luther 

4 

17 

Thetis 

Luther 

1 

86 

Atalante 

Groldschmidt 

3 

18 

Melpomene 

Hind 

5 

37 

Fides  ^ 

Luther 

5 

19 

Fortuna 

Hmd 

6 

38 

Leda 

Chacornac 

4 
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No. 

Name. 

Disooyerer. 

Disa 
No. 

No. 

Name. 

Discoverer. 

Disa 
No. 

89 

LaBtitia 

Chacornac 

5 

85 

lo 

Peters 

4 

40  Harraonia 

Goldschmidt 

4 

86 

Semele 

Tietjen 

41  [Daphne 

Goldschmidt 

5 

87 

Sylvia 
thisbe 

Pogson 

6 

42|lsi8 

Pogson 

1 

88 

Peters 

5 

48 'Ariadne 

Pogson 

2 

89 

Julia 

Stephan 
Luther 

44Ny8a 

Goldschraidt 

6 

90 

Antiope 

15 

45|Eagenia 

Goldschmidt 

7 

91 

Aegina 

Borrelly 

1 

46!He8tia 

Pogson 

3 

92 

Undina 

Peters 

6 

47 

Afflaia 

Luther 

6 

93 

Minerva 

Watson 

2 

48  Doris 

Goldschmidt 

8 

94 

Aurora 

Watson 

8 

49;Pale8 

Goldschmidt 

9 

95 

Arethusa 

Luther 

16 

50jVirginia 
51  Nemaasa 

Ferguson 

2 

96 

Aegle 

Coggia 

1 

Laurent 

97 

Clotho 

Tempel 

5 

52'Earopa 

Goldschmidt 

10 

98 

lanthe 

Peters 

7 

58 

Calypso 

Lather 

7 

99 

Dike 

Borrelly 

2 

54 

Alexandra 

Goldschmidt 

11 

100 

Hecate 

Watson 

4 

65 

Pandora 

Searle 

101 

Helena 

Watson 

5 

56 

Melete 

Goldschmidt 

12 

102 

Miriam 

Peters 

8 

57jMDemo8yDe 
58CoDcordia 

Luther 

8 

103 

Hera 

Watson 

6 

Luther 

9 

104 

Clymene 

Watson 

7 

59Elpi8 
60  Echo 

Chacornac 

6 

105 

Artemis 

Watson 

8 

Ferguson 
Goldschmidt 

3 

106 

Dione 

Watson 

9 

61  Danae 

13 

107 

Camilla 

Pogson 
Luther 

7 

62  Erato 

Fdrster 

108 

Hecuba 

17 

68 

Aasonia 

DeGasparis 
Tempel 

8 

109 

Felicitas 

Peters 

9 

64 

Angelina 

1 

110 

Lydia 

BorreUy 

3 

65 

Cybele 

Tempel 

2 

111 

Ate 

Peters 

10 

66 
67 

Maja 
Asia 

H.P.Tuttle 
Pogson 

1 
4 

112 
113 

Iphigenia 
Amalthea 

Peters 
Luther 

11 
18 

68 

Leto 

Luther 

10 

114 

Cassandra 

Peters 

12 

69 

Hesperia 

Schiaparelli 

115 

Thyra 

Watson 

10 

70 

Panopaea 

Goldschmidt 

14 

116 

Siroua 

Peters 

13 

71 

Niobe 

Luther 

11 

117 

Lomia 

Borrelly 

4 

72 

Feronia 

C.H.F.Peters 

1 

118 

Peitho 

Luther 

19 

73 

Clytia 

Tuttle 

2 

119 

AlthflBa 

Watson 

11 

74 

Galatea 

Tempel 

3 

120 

Lachesis 

Borrelly 

5 

75 

Earydice 
Freia 

Peters 

2 

121 

Hermione 

Watson 

12 

76 

D' Arrest 

122 

Gerda 

Peters 

14 

77 

Frigga 

Peters 

3 

123 

Brunhild 

Peters 

15 

78 

Diana 

Luther 

12 

124 

Alceste 

Peters 

16 

79 

Eurynome 

Watson 

1 

125 

Liberatrix 

Prosp.  Henry 

1 

80 

Sappho 

Pogson 

5 

126 

Velleda 

Paul  Henry 

1 

81 

Terpsichore 

Tempel 

4 

127 

Johanna 

Prosp.Henry 

2 

82 

Alcmene 

Luther 

13 

128 

Nemesis 

Watson 

13 

83 

Beatrix 

DeGasparis 

9 

129 

Antigone 

Peters 

17 

84 

CUo 

Luther 

14 

130 

Electra 

Peters 

18 
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No. 

Name. 

Disooyerer. 

Disa 
No. 

No. 

Name. 

! 

Diflooyerer. 

Disc 
Na 

131 

Vala 

Peters 

19 

171 

Ophelia 

Borrelly 

8 

132 

Aethra 

Watson 

14 

172 

Baucis 

Borrelly 

9 

133  Cyrene 

Watson 

16 

173 

Ino 

Borrelly 

10 

13iSophro8yne 

Luther 

20 

174 

Phaedra 

Watson 

20 

135jHertba 

Peters 

20 

176 

Andromache 

Watson 

21 

136'Au8tria 

Palisa 

1 

176 

Idunna 

Peters 

27 

137MeUboea 

Palisa 

2 

177 

Irma 

Paul  Henry 

6 

138Tolo8a 

Perrotin 

1 

178 

Belisana 

Palisa 

10 

139  Juewji 

Watson 

16 

179 

Clylemnestra 

Watson 

22 

140  Siwa 

Palisa 

8 

180 

Garumna 

Perrotin 

6 

141 

Lumen 

Paul  Henry 

2 

181 

Eucharis 

Cottenot 

142 

Polana 

Palisa 

4 

182 

Elsbeth 

Palisa 

11 

143 

Adria 

Palisa 

6 

183 

Istria 

Palisa 

12 

144 

Vibilia 

Peters 

21 

184 

Dejopeia 
Eunike 

Palisa 

13 

145 

Adeona 

Peters 

22 

186 

Peters 

28 

146Lucina 

Borrelly 

6 

186 

Celuta 

Prosp.Henry 

7 

147jProtogeneia 

Schulhof 

187 

Lamberta 

Coggia 

2 

148iGania 

Prosp.  Henry 

8 

188 

Menippe 

Peters 

29 

149 

Medusa 

Perrotin 

2 

189 

Phthia 

Peters 

30 

160 

Nuwa 

Watson 

17 

190 

Ismene 

Peters 

31 

161 

Abnndantia 

Palisa 

6 

191 

Kolga 

Peters 

32 

162 

Atala 

Paul  Henry 

3 

192 

Nausicaa 

Palisa 

14 

163 

Hilda 

PaUsa 

7 

193 

Ambrosia 

Coggia 

3 

164 

Bertba 

Prosp.  Henry 

4 

194 

Prokne 

Peters 

33 

166 

Scylla 

Palisa 

8 

195 

Eurykleia 

Palisa 

16 

166 

Xanthippe 

Palisa 

9 

196 

Philomela 

Peters 

34 

167 

Dejanira 

Borrelly 

7 

197 

Arete 

Palisa 

16 

168 

Coronis 

Knorre 

198 

Ampella 

Borrelly 

11 

169 

Aemilia 

Paul  Henry 

4 

199 

Byblis 

Peters 

35 

160 

Una 

Peters 

23 

200 

Dynamene 

Peters 

36 

161 

Athor 

Watson 

18 

201 

Penelope 

Palisa 

17 

162 

Laurentia 

Prosp.  Henry 

6 

202 

Chrysels 

Peters 

37 

163 

Erigone 

Perrotin 

3 

203 

Pompeia 

Peters 

38 

164 

Eva 

Paul  Henry 

6 

204 

Palisa 

18 

166 

Loreley 

Peters 

24 

206 

Palisa 

19 

166 

Rhodope 

Peters 

25 

206 

Hersilia 

Peters 

39 

167 

Urda 

Peters 

26 

207 

Palisa 

20 

168 

Sibylla 

Watson 

19 

208 

Palisa 

21 

169 

Zeha 

Prosp.  Henry 

6 

209 

Dido 

Peters 

40 

170 

Maria 

Perrotin 

4 
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No. 

Name. 

No. 

Name. 

No. 

Name. 

No. 

Name. 

No. 
201 

Name. 

161 

Abundantia 

53 

Calypso 

79 

Eurynome 

3  Juno 

Penelope 

145 

Adeona 

107 

Camilla 

27 

Euterpe 

191  Kolga 

174 

Phaedra 

143 

Adria 

114 

Cassandra 

164 

Eva 

120  Lachesis 

196 

Philomela 

91 

Aegina 

186 

Celuta 

109 

Felicitas 

39Laetitia 

26 

Phocsea 

96 

Aegle 

1 

Ceres 

72 

Peronia 

l,87Lamberta 

189 

Phthia 

369 

Aemilia 

202 

Chryseis 

37 

Fides 

162LaurenUa 

142  Polana 

132 

Aethra 
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2.  AtmobU  of  the  Astronomical  Observatory  of  Harvard  College, 
Vol.  xi,  Part  1,  Photometric  ObservatiooB  made  principally  with 
the  equatorial  telescope  of  fifteen  inches  aperture  during  the  years 
1877-79,  by  Edward  C.  Pickering,  Director,  aided  by  Arthur 
Searle  and  Winslow  Upton,  Assistants  in  the  Observatory^.  189 
pp.  4to.  Cambridge,  1879  (University  Press:  John  Wilson  & 
Son). — The  subject  of  Photometry  is  that  to  which  the  large  equa- 
torial of  the  Harvard  Observatory  has  been  devoted  since  the  sum- 
mer of  1877.  The  observations  necessitated  the  invention  and  con- 
struction of  a  new  class  of  instniments,  which  are  described 
in  the  first  chapter  of  the  volume.      Chapter  II  is  devoted  to 
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the  journal  containing  the  photometric  obseryations  made  from 
August,  1877,  to  September,  1878,  and  in  part  those  of  October, 
1878,  to  March,  1879;  these  are  numbered  from  1  to  5037. 
Chapter  III  contains  the  reduction  of  the  observations  of  Satam 
and  Mars,  and  of  Jupiter  and  Venus  at  their  conjunctions  in 
1877  ;  and  chapter  IV  contains  the  discussion  of  the  obseryations 
made  on  the  more  conspicuous  double  stars  visible  in  the  latitude 
of  Cambridge.  This  work  is  one  of  especial  importance  because  it 
is  the  first  time  that  so  large  an  instrument  has  been  entirely 
devoted  to  Photometry. 

IV.  Miscellaneous  Scientific  Intelligence. 

1.  GeologicaX  Survey  of  the  Public  Domain.-^\n  volume  xvii  of 
this  Journal,  at  page  78  (January  number,  1879),  the  Report  of  the 
Committee  of  the  National  Academy  of  Sciences  "  appointed  to 
consider  the  Scientific  Surveys  of  the  United  States "  which  had 
been  required  of  the  Academy  by  an  act  of  Congress,  is  published 
at  length.  The  Report  recommended  two  distinct  departments 
with  reference  to  such  surveys,  under  separate  heads^K)ne  for 
Surveys  of  Mensuration  (to  include  the  Coast  and  Greodetic  sur- 
veys, and  the  topograpical  work  of  the  Land  Survey  office,  and 
the  other,  for  "  tne  determination  of  all  questions  relating  to  the 
Geological  structure  and  Natural  Resources  of  the  Public  Domain.** 

With  regard  to  the  latter  the  report  savs,  "  in  view,  especially 
of  the  value  of  such  surveys  to  the  Land  Office :" — 

"  The  best  interests  of  the  Public  Domain  require,  for  the  pur- 
poses of  intelligent  administration,  a  thorough  knowledge  of  its 
geological  structure,  natural  resources  and  products.  The  domain 
embraces  vast  mineral  wealth  in  its  soils,  metals,  salines,  stones, 
clays,  etc.  To  meet  the  requirements  of  existing  laws  in  the  dis- 
position of  the  agricultural,  mineral,  pastoral,  timber,  desert  and 
swamp  lands,  a  thorough  investigation  and  classification  of  the 
acreage  of  the  Public  Domain  is  imperatively  demanded.  The 
Committee  therefore  recommend  that  Congress  establish,  under 
the  Department  of  the  Interior,  an  independent  organization^  to 
be  known  as  the  United  States  Geological  Survey,  to  be  charged 
with  the  study  of  the  geological  structure  and  economic  resources 
of  the  Public  Domain :  such  a  survey  to  be  placed  under  a  Direc- 
tor, who  shall  be  appointed  by  the  President,  and  who  shall  report 
directly  to  the  Secretary  of  the  Interior." 

The  "Report,  having  been  submitted  to  Congress,  was  favorably 
acted  upon  on  March  dd,  as  regards  the  second  of  the  two  depart- 
ments recommended  in  the  Report ;  and,  as  the  passage  of  the 
bill  is  an  important  event  in  tne  history  of  American  scientific 
surveys,  the  portion  of  the  Act  ^'making  appropriations  to  Sundry 
Civil  Expenses,"  which  has  reference  to  it,  is  here  cited  (pp.  20, 21). 

"  For  the  salary  of  the  Director  of  the  Geological  Survey,  which 
office  is  hereby  established,  under  the  Interior  Department,  who 
shall  be  appointed  by  the  President  by  and  with  the  advice  and 
consent  of  the  Senate,  six  thousand  dollars :  Provided^  That  this 
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officer  shall  have  the  direction  of  the  Geological  Survey,  and  the 
classification  of  the  public  lands  and  examination  of  the  Geo- 
logical Structure,  mineral  resources  and  products  of  the  National 
Domain.  And  that  the  Director  and  members  of  the  Geological 
Survey  shall  have  no  personal  or  private  interests  in  the  lands  or 
mineral  wealth  of  the  region  under  survey,  and  shall  execute  no 
surveys  or  examinations  for  private  parties  or  corporation^ ;  and 
the  Geological  and  Geograpnical  Survey  of  the  Territories,  and 
the  Geographical  and  Geological  Survey  of  the  Rocky  Mountain 
Region,  under  the  Department  of  the  Interior,  and  the  Geo- 
graphical Surveys  West  of  the  One  hundredth  Meridian,  under 
the  War  Department,  are  hereby  discontinued,  to  take  effect  on 
the  thirtieth  day  of  June,  eighteen  hundred  and  seventy-nine. 
And  all  collections  of  rocks,  minerals,  soils,  fossils,  and  objects 
of  natural  history,  archseoloey,  and  ethnology,  made  by  the 
Coast  and  Interior  Survey,  Uie  Geological  Survey,  or  by  any 
other  parties  for  the  Government  of  the  United  States,  when  no 
longer  needed  for  investigations  in  progress,  shall  be  deposited  in 
the  National  Museum.  • 

"For  the  expenses  of  the  Geological  Survey  and  the  classification 
of  the  public  lands  and  examination  of  the  Geological  structure ; 
mineral  resources  and  products  of  the  National  Domain,  to  be 
expended  under  the  direction  of  the  Secretary  of  the  Interior,  one 
hundred  thousand  dollars ; 

"  For  the  expense  of  a  commission  on  the  codification  of  existing 
laws  relating  to  the  survey  and  disposition  of  the  Public  Domain, 
and  for  other  purposes,  twenty  thousand  dollars ; 

"  Provided,  That  the  Commission  shall  consist  of  the  Commis- 
sioner of  the  General  Land  Office,  the  Director  of  the  United 
States  Geological  Survey,  and  three  civilians,  to  be  appointed 
by  the  President,  who  shall  receive  a  per  diem  compensation 
of  ten  dollars  for  each  day  while  actually  engaged,  and  their 
traveling  expenses ;  and  neither  the  Commissioner  of  the  General 
Land  Office  nor  the  Director  of  the  United  States  Geological 
Survey,  shall  receive  other  compensation  for  their  services  upon 
said  commission  than  their  salaries,  respectively,  except  their 
traveling  expenses,  while  engaged  on  said  duties;  and  it  shall  be 
the  duty  of  this  commission  to  report  to  Congress  within  one  year 
from  the  time  of  its  organization ;  first,  a  codification  of  the  present 
laws  relating  to  the  survey  and  disposition  of  the  public  domain ; 
second,  a  system  and  standard  of  classification  of  public  lands ;  as 
arable,  imgable,  timber,  pasturage,  swamp,  coal,  mineral  lands 
and  such  other  classes  as  may  be  deemed  proper,  having  due 
regard  to  humidity  of  climate,  supply  of  water  for  irrigation,  and 
other  physical  characteristics;  third,  a  system  of  land  parcelling 
surveys  adapted  to  the  economic  uses  of  the  several  classes  of 
lands;  and,  fourth,  such  recommendations  as  they  may  deem 
wise  in  relation  to  the  best  method  of  disposing  of  the  public 
lands  of  the  western  portion  of  the  United  States  to  actual  settlers. 

*'  The  publications  of  the  Geological  Survey  shall  consist  of  the 
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annual  report  of  operations,  geological  and  economic  maps  illus- 
trating the  resources  and  classification  of  the  lands,  and  rei)ort8 
upon  general  and  economic  geology  and  paleontology.  The 
annual  report  of  operations  of  the  Geological  Survey  shall 
accompany  the  annual  report  of  the  Secretary  of  the  Interior. 
All  special  memoirs  and  reports  of  said  survey  shall  be  issued  in 
uniform  quarto  series  if  deemed  necessary  by  the  Director,  but 
otherwise  in  ordinary  octavos.  Three  thousand  copies  of  each 
shall  be  published  for  scientific  exchanges  and  for  sale  at  the 
price  of  publication  ;  and  all  literary  and  cartographic  materials, 
received  in  exchange  shall  be  the  property  of  tne  United  States 
and  form  a  part  of  the  library  of  organization :  and  the  money 
resulting  from  the  sale  of  such  publications  shall  be  covered  into 
the  Treasury  of  the  United  States,  under  the  direction  of  the  Sec- 
retary of  the  Interior ;  one  hundred  thousand  dollars ; 

"  For  the  preparation  of  reports,  maps,  and  such  other  illustra- 
tions as  may  be  necessary  for  completing  the  office  work  of  the 
Geological  and  Geographical  Survey  of  the  Territories,  twenty 
thousand  dollars ;  to  be  immediately  available. 

"  For  the  completion  of  the  reports  of  the  Geographical  and  Geo- 
logical Survey  of  the  Rocky  Mountain  Region  with  the  necessary 
maps  and  illustrations,  twenty  thousand  dollars;  to  be  immedi- 
ately available. 

*'  For  the  preparation  of  reports,  maps  and  such  other  illustra- 
tions as  may  be  necessary  for  completing  the  office  work  of  the 
Geographical  Surveys  West  of  the  One  hundredth  Meridian, 
under  the  direction  of  the  Secretary  of  War,  twenty  thousand 
dollars;  to  be  immediately  available." 

The  office  of  Director  of  the  Geological  Survey,  "to  have  the 
direction  of  the  Geological  Survey,  and  the  classification  of  the 
public  lands,  and  examination  of  the  geological  structure,  mineral 
resources  and  products  of  the  National  Domain^'*  was  thus  estab- 
lished ;  and  soon  after,  the  position  of  Director  of  the  Survey  was 
given  to  Mr.  Clarence  King,  who  by  long  work  in  the  field  had 
already  become  well  acquainted  geologically  with  much  of  the 
National  Domain  over  which  his  surveys  were  to  extend. 

The  failure  of  Congress  to-  act  favorably  with  reference  to  the 
establishment  of  "  Alensuration  Surveys,"  recommended  in  the 
Report  of  the  Committee  of  the  Academy,  is  thought  to  be  a 
deferring  of  the  subject  for  the  time,  and  not  a  rejection  of  the 
scheme. 

Another  move  with  regard  to  the  department  of  the  Geological 
Survey  has  been  made  since  Mr.  King  received  his  appointment,  and 
one  which  has  not  yet  been  laid  before  a  Committee  of  the  National 
Academy,  and  has  not  even  been  presented  for  public  discussion, 
although  it  bears  on  the  political  and  industrial  interests  of  the 
country,  as  well  as  on  the  status  of  Science  under  the  General 
Government. 

The  session  of  Congress,  in  which  the  Department  of  the  Geo- 
logical Survey  of  the  rublic  Domain  was  established,  was  followed 
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by  an  extra  session  which  closed  on  the  1st  of  July.  The  Con- 
gressional Record  of  the  29th  of  June  reports  that  a  resolution  was 
introduced  into  the  House  of  Representatives,  adding  after  the 
words  "  National  Domain  "  in  the  first  paragraph  of  the  former 
bill,  the  three  words  '*  and  the  States.'^  (See  the  eighth  line  in 
this  paragraph,  on  page  493).  It  says,  further,  that  the  resolution 
was  discussed  at  length,  and  that,  finally,  an  amendment  passed 
the  House,  substituting,  for  the  three  words,  the  following — to  be 
introduced  at  the  same  place:  '^and  he  may  extend  his  examina- 
tions into  the  States."  The  resolution  failed  of  being  brought 
before  the  Senate  for  want  of  time. 

With  the  words  "  and  the  States "  inserted,  the  area  geologi- 
cally and  economically  under  the  Director's  supervision  becomes 
suddenly  enlarged  to  the  dimensions  of  the  whole  country  from 
the  Atlantic  to  the  Pacific.  The  geological  surveys  of  all  the 
several  States  come  under  the  control,  and  their  prosecution  is 
made  the  duty,  of  the  General  Government;  and  the  work  of 
exploring  their  mining  and  other  resources,  is  also  assumed  by 
this  new  United  States  department.  And  this  is  the  view  which 
the  Director  takes  of  the  amendment  adopted  by  the  House ;  for 
he  personally  informed  the  writer  after  the  adjournment  of  Con- 
gress, that  it  was  his  purpose,  under  the  act,  to  send  a  party  into 
New  England  next  spnng. 

Having  been  a  member  of  the  National  Academy,  the  writer 
has  felt  it  a  duty  here  to  state,  that  this  proposed  expansion  of 
the  field  of  work  under  the  "  Director  of  the  Ueological  Survey  " 
is  wholly  foreign  to  the  views  expressed  in  the  Report  of  the 
Committee,  and  to  the  opinions  brought  out  in  their  discussions. 
Moreover,  it  is  entirely  at  variance  with  the  objects  set  before 
the  Committee  by  the  Act  of  Congress  requiring  its  appointment : 
this  act  asking  that  the  members  *'  take  under  consideration  the 
methods  and  expenses  of  conducting  all  surveys  of  a  scientific 
character  under  the  War  or  Interior  Department  and  the  surveys 
of  the  Land  Office,  and  to  report  to  Congress,  as  soon  thereafter 
as  may  be  practicable,  a  plan  for  surveying  and  mapping  the  Ter- 
ritories of  the  United  States  on  such  general  system  as  will,  in 
their  judgment,  secure  the  best  results  at  the  least  possible  cost." 
The  plan  set  forth  by  the  Committee,  besides  having  direct  refer- 
ence to  the  Territories,  had  in  view  that  economy  of  expenditure, 
suggested  in  the  act  of  Congress ;  while  the  new  scheme,  with  the 
proposed  enlargement  of  its  scope,  would  involve — as  State  geo- 
logical surveys  have  shown — millions  of  outlay  for  the  strictly 
Geological  part,  and  indefinite  millions  besides  for  the  economical 
ranch — the  study  of  "  the  mineral  resources  and  products  of  the 
National  Domain  "  "  and  the  States.^'* 

The  writer  is  not  informed  as  to  the  character  of  the  discussion 
over  the  proposed  amendment  in  the  House  of  Representatives. 
But  it  seems  to  be  plain,  from  the  change  of  wording,  that  the 
meaning  intended  to  be  conveyed  by  it  was  that  the  Director 
"may  extend  his  examinations  into  States"  which  adjoiii  the 
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Territories.  There  is  an  evident  absurdity  in  an  expresaon 
which  adds  the  States — ^nearly  the  whole  country — to  the  Ter- 
ritories. Had  the  general  survey  of  the  United  States  been 
intended  by  the  House,  the  idea  would  have  been  brought  out  by 
the  simple  substitution  of  the  words  United  States  for  '^  Kationi^ 
Domain." 

A  change  so  great  in  the  administration  of  the  a&irs  of  the 
Government  should  have  a  full  discussion  before  it  is  accepted. 
It  will  appear  to  many  that  the  Constitution  has  left  to  the 
States  the  making  of  their  own  geological  surveys  and  the  study 
of  their  own  economical  resources — as  past  history  seems  to  attest 
— and  that  such  an  infringement  on  State  rights  and  assumption 
of  State  responsibilities  would  be  politically  wrong ;  and  also,  that 
investigations  into  the  mineral  resources  of  the  States,  whether  of 
a  mine  or  of  a  granite  quarrv,  would  be  followed  by  other  evils 
through  encroachments  on  private  rights,  and  the  temptations  to 
favor  private  enterprises.  The  General  Government,  unlike  many 
in  foreign  lands,  has  no  ownership  in  the  mines  of  California  or  of 
any  other  of  the  States,  and  hence  has  no  need  to  establish  a 
Mining  Bureau  for  the  country  at  large. 

The  States,  for  the  most  part,  have  carried  forward  geological 
surveys.  The  great  need,  prevfous  to  undertaking  new  surveys, 
in  order  that  they  may  be  correct  and  complete,  is,  for  each,  an 
accurate  topographical  survey.  Before  New  England,  or  any 
part  of  this  or  of  the  other  sections  of  the  Union,  has  again  its 
corps  of  geological  surveyors,  it  should  have  in  the  field,  for  a 
number  of  years,  corps  of  geodetic  and  topographical  surveyors, — 
preparing  maps  in  which  roads,  rivers,  hills,  mountains,  State-lines, 
county-lines,  town-lines,  and  all  positions,  are  correctly  given. 

Within  four  years  a  scheme  for  the  scientific  survey  of  Con- 
necticut has  been  brought  before  the  legislature  of  the  State  by  a 
committee  which  included  the  writer  among  its  members.  And 
this  committee  urged,  in  its  petition,  that,  Jirst^  a  topographical 
survey  should  be  made  in  order  that  a  satisfactory  geological 
survey  might  be  a  possibility.  It  was  manifest  that  without 
such  a  preparation  the  work  would  be  half  a  waste  of  expenditure, 
and  have  to  be  done  over  again. 

Topographical  surveys  are  needed  in  every  State  as  well  as 
Territory ;  and  for  this  purpose  there  is  manifestly  required  the 
establishment  of  a  Department  of  "  Mensuration  Surveys,"  under 
the  General  Government,  whose  geodetic  work  over  the  breadth 
of  the  country  shall,  in  accordance  with  some  well  devised  plan, 
be  supplemented  by  topographical  work  at  the  expense,  and  under 
the  united  supervision,  of  the  State  and  Greneral  Government. 
This  done,  the  States  could  easily  carry  forward  their  own  sci- 
entific and  economical  surveys.  James  D.  Daka. 

2.  Chemical  Deiyudation  in  relation  to  Geological  J%me;  by 
T.  Mellard  Reade.  62  pp.  8vo.  London,  1879.  (David  Bogne.) 
—Mr.  T.  Mellard  Reade  gives,  in  his  memoir,  the  results  of  his 
comparisons  of  the  amount  of  denudation  in  various  regions  over 
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the  globe,  and  of  various  considerations  derived  from  the  consti- 
tution of  the  earth's  crust,  the  composition  of  river  and  sea  waters 
and  deep-sea  and  shallow-sea  formations.  He  closes  his  volume 
with  the  conclusion  that  the  minimum  amount  of  time  required  to 
make  the  world's  limestone  strata  is  "in  round  numbers  say 
600,000,000  years;"  and  that  this  time  is  divided  about  equally 
between  (1)  the  Silurian  and  Pre-silurian ;  (2)  the  rest  of  the  Pale- 
ozoic ages  and  Triassic ;  and  (3)  the  remainder  of  geological  time. 
After  dl,  this  question  of  time  geological  science  knows  little 
about,  beyond  the  general  fact  of  it«  almost  indefinite  length. 

3.  Beport  No,  2,  of  the  JPrincston  Scientific  .Expedition  of 
1877:  Topographic^  hypsometric  and  Meteorologic  Report^  by 
W.  LiBBBY,  Jr.,  and  W.  W.  McDonald.  66  pp.  8vo,  with  an 
Appendix  of  28  pp.  New  York,  1879. — This  Report  contains 
geological  as  well  as  topographic  information  respecting  the  region 
visited  by  the  Princeton  Expedition,  and  has  many  beautiful "  arto- 
type"  plates  representing  scenes  in  the  mountain  regions  remark- 
able as  illustrations  of  erosion  and  other  geological  phenomena. 
The  height  determined  by  the  Expedition  for  Pike's  Peak  was 
14,147-28  feet  (made  14,146*56  by  Hayden's  expedition);  for 
Mount  Lincoln  14,297*80  (14,297-00  Havden) ;  for  Mount  Silver- 
heels  13,861  (18,897  Havden);  for  irfount  Princeton  14,208-90 
(14,196  Hayden,  14,041  Wheeler's  Expedition) ;  for  Mount  Evans 
14,353-30  (14,840  Hayden);  Mount  Gray  14,363*80  (14,341  Hay- 
den); Mount  Bross,  14,255  feet;  Mount  Alma,  10,364*50  (10,254 
Wheeler's  Expedition). 

4.  Lectures  and  Essays  by  the  late  William  K,  Clifford^  KE,S,, 
edited  by  Lbslib  Stjcphbn  and  Fbbdsbick  Pollock;  with  an 
introduction  by  F.  Pollock.  In  two  volumes,  8vo.  London,  1879. 
(Macmillan  &  Co.). — ^The  sketch,  which  opens  this  work,  was 
written  by  a  personal  friend  of  the  late  Professor  Clifford,  and 
hence  one  well  able  to  speak  of  him.  While  not  attempting  to  be 
a  complete  biography,  it  brings  out  clearly  the  prominent  points 
in  the  mental  character  and  the  attainments  of  the  gifted  mathe- 
matician, whose  work  was  so  suddenly  interrupted.  The  lectures 
and  essays  contained  in  these  two  volumes  are  for  the  most  part  of 
a  philosophical  rather  than  a  strictly  scientific  character,  and 
hence  it  lies  outside  of  the  province  of  this  Journal  to  give  an 
extended  notice  of  them.  They  are  characterized  by  the  clear 
and  vigorous  thought  which  was  shown  in  all  the  work  of  their 
author.  It  is  well  both  for  his  sake  and  for  that  of  the  pnblic 
that  they  have  been  preserved  and  presented  in  this  form. 

5.  Seeing  and  Thinking ;  by  the  late  Willla.m  K.  Clippobd, 
F.R.S.  156  pp.  8vo.  London.  (Nature  Series :  Macmillan  &  Co.). 
— ^Four  lectures  delivered  by  Professor  Clifford  at  Shored  itch; 
they  bear  the  titles :  the  Eye  and  the  Brain ;  the  Eye  and  seeing ; 
the  Brain  and  thinking ;  of  Boundaries  in  general.  They  contam 
many  important  scientific  facts  presented  in  so  simple  a  manner 
and  with  such  fullness  of  illustration  as  to  be  intelligible  even  to 
those  who  have  had  no  scientific  training. 
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6.  The  Mound  Builders;  Archoeology  of  Butler  County^  Ohio; 
by  J.  P.  MacLban.  234  pp.  8vo,  illustrated  with  over  100  fig- 
ures. Cincinnati  (Robert  Clarke  <fc  Co.) — ^Two-thirds  of  this 
volume  are  devoted  to  the  general  subject  of  the  mound  builders, 
and  give  a  well  digested  account  of  the  observations  and  results 
hitherto  obtained.  The  remainder  is  devoted  to  an  account  of  the 
ancient  earth-works  and  Indian  relics  of  Butler  County,  in  south- 
western Ohio,  a  region  containing  more  of  such  earth-works  than 
any  other  county  in  the  State ;  their  number  is  seventeen,  and  one 
of  them  covei*s  an  area  of  95  acres.  Many  figures  are  given  rep- 
resenting stone  arrow-heads,  implements  and  ornaments,  and  also 
plans  of  the  earth-works,  besides  an  Archaeological  map  of  the 
county. 

7.  Maps  of  the  U.  S,  Geological  a?id  Geographical  Survey  of  the 
Territories^  F.  V.  Hayden,  Geologist-in-Charge. — Five  maps  of 
this  Survey  have  recently  been  issued,  20  to  26  by  36  inches  in 
size,  illustrating  the  tocography  and  geography  of  portions  of 
Utah,  Idaho  and  Wyoming  territories,  and  they  are  remarkable 
for  beauty  of  execution,  while  of  great  interest  for  the  region  they 
illustrate.  The  Primary  triangulation  in  the  survey  was  carried 
forward  by  A.  I>.  Wilson,  and  the  topography  by  H.  Gannett, 
G.  B.  Chittendex,  G.  R  Bechlku  and  F.  A.  Clabk.  These 
maps  include  a  drainage  map,  a  map  of  the  Yellowstone  National 
Park  on  a  scale  of  two  miles  to  an  inch,  and  maps  of  other  por- 
tions of  the  Territories  named,  giving  the  altitudes  of  numerous 
measured  peaks,  and  by  means  of  contour  lines,  the  character  of 
the  various  mountain  ranges  and  plateaus,  including  the  Wind 
River  Mountains,  the  Bear  River  Range,  the  Teton  Range,  the 
Snake  River  Range,  and  others.     The  engraving  is  by  J.  Bien, 

Notices  of  the  following  new  works  are  deferred  to  another  number: 

Report  on  the  Geology  of  the  Henry  Mountains,  by  Gr.  K.  Gilbert.  160  pp. 
4to.  U.  S.  Geographical  and  Geological  Survey  of  the  Booky  Mountain  Region, 
J.  W.  Powell,  iu  charge.    Department  of  the  Interior. 

Pennsylvania  Second  Geological  Survey.  Harrisburg,  1879.  (I.)  Second  Re- 
port of  Progress  in  the  Laboratory  of  the  Survey  at  Harrisburgh,  by  Andrew 
S.  McCreath.  438  pp.  8vo. — {2.)  Report,  Part  first,  on  the  NorSiern  townships 
of  Butler  County ;  Part  second,  on  a  Special  Survey  along  the  Beaver  and  Shie- 
nango  Rivers,  by  H.  Martyn  Chance.  248  pp.  8vo,  with  6  maps,  1  profile  auc- 
tion and  154  vertical  sections. 

A  Manual  of  Palaeontology  for  the  use  of  students,  with  a  general  introduction 
on  the  principles  of  Palaeontology,  by  Henry  AUyn  Nicholson,  Prol  Nat  Hist. 
Univ.  St.  Andrews.  Second  edition,  revised  and  g^atly  enlarged.  2  volumes, 
with  numerous  illustrations.  1879,  Edinburgh  and  London.  (Wm.  Bladcman  & 
Sons.) 

(Geological  Survey  of  Alabama,  Report  of  Progress  for  1877,  1878,  by  Eugene 
A.  Smith,  Ph.D.,  State  Geologist     140  pp.  8vo.     Montgomery,  Alabama,  1 879. 

Solar  Light  and  Heat:  the  Source  and  the  Supply.  Gravitation  with  explana- 
tion of  Planetary  and  Molecular  Forces,  by  Zachariah  Allen,  LL.D.  241  pp. 
Svo.    New  York,  1879.    (D.  Appleton  &  Co.) 
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OBITUABY. 


Jamss  Clebk  Maxwell,  F.R.S. — By  the  early  death  of  Professor 
Maxwell  in  his  forty-ninth  year  the  University  of  Cambridge  has 
sustained  a  loss  which  will  be  felt  as  personal  by  all  students  of 
physical  science.  He  entered  perhaps  more  thoroughly  than  any 
of  his  contemporaries  into  the  splendid  inheritance  of  scientific 
speculation  left  behind  by  Faraday,  and  though  he  has  made 
invaluable  additions  to  that  inheritance,  the  world  must  ever 
regret  that  to  one  so  gifted  the  time  should  have  been  denied  for 
attaining  the  great  results  which  seem,  as  we  read  his  papers,  to 
have  been  so  nearly  within  his  grasp. 

James  Clerk  Maxwell,  scholar  of  Trinity  College,  Cambridge, 
took  his  degree  as  Second  Wrangler  in  the  Mathematical  Tripos 
of  1854.  He  became  a  fellow  of  his  college  in  1855,  and  accepted 
the  chair  of  Physics  in  the  Marischal  College,  Aberdeen,  in  1856, 
which  he  held  until  the  amalgamation  of  the  College  with  King's 
College.  In  1860  he  was  elected  Professor  of  Physics  in  King's 
College,  London,  where  he  remained  till  1865.  6ut  he  was  not 
in  his  element  as  a  lecturer,  and  it  was  not  until  his  appointment 
in  1871  to  the  professorship  of  Experimental  Physics  in  Cam- 
bridge, with  the  direction  of^the  laboratory  which  the  munificence 
of  the  Duke  of  Devonshire  shortly  afterwards  presented  to  the 
University,  that  he  found  himself  in  a  position  thoroughly  suited 
to  his  tastes  and  abilities. 

His  chief  contributions  to  the  progress  of  science  are  to  be 
found  in  the  numerous  series  of  his  papers.  Among  the  earlier  of 
these  are  several  discussions  of  great  interest  regarding  the  action 
of  colors  on  the  retina,  with  especial  reference  to  the  phenomena 
of  color  blindness.  His  classical  paper  on  Saturn's  rings  was 
published  in  the  Astronomical  Society's  Notices  for  1859.  In  this 
ne  proved  that  the  theory  of  the  solidity  of  the  rings  is  untenable, 
and  that  they  probably  consist  of  an  almost  continuous  congeries 
of  meteorites.  He  also  had  a  share  in  the  determination  of  one 
of  the  most  important  scientific  measurements  that  have  been 
made  in  recent  times,  the*  formation,  namely,  of  the  standard 
known  as  the  British  Association  Unit  of  Electrical  Resistance, 
an  account  of  which  appears  in  the  British  Association  Report  for 
1864. 

But  the  subject  which  had  most  attraction  for  him  was  the 
inquiry  into  the  ultimate  constitution  of  matter  and  the  mechan- 
ism which  produces  the  phenomena  of  force,  whether  electrical  or 
gravitational.  Masterly  expositions  by  him  of  the  dynamical 
theory  of  gases  are  to  be  found  in  the  British  Association  Report 
for  1859,  the  Philosophical  Magazine  for  1860,  the  Philosophical 
Transactions  for  1867,  the  article  on  "Atoms"  of  the  new  Ency- 
clopsBdia  Britannica,  and  in  his  only  too  concise  and  pregnant 
Theory  of  Heat.  It  is,  however,  with  his  attempts  at  a  mechan- 
ical theory  of  electricity,  magnetism  and  light  that  his  name  will 
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be,  in  all  probability,  most  closely  associated  in  futara  He 
thoroughly  endorsed  Faraday's  rejection  of  the  theory  of  elec- 
trical action  at  a  distance,  and  sought,  with  him,  to  explain  all 
electrical  and  magnetic  phenomena  as  the  results  of  local  strains 
and  motions  in  a  medium  whose  contiguous  part<s  only  act  on  one 
another  by  pressure  and  tension.  'Diough  many  of  Maxwell's 
results  are  contained  in  his  great  Treatise  on  Electricity  and 
Magnetism,  the  student  wUl  not  willingly  pass  over  his  papers  on 
Molecular  Vortices,  in  vols,  xxi  and  xxiii  of  the  Philosophical 
Magazine,  or  his  Dynamical  Theoiy  of  the  Electromagnetic  Field, 
in  the  Proceedings  of  the  Rojal  Society  in  1864.  Such  luminous 
imagination  together  with  originality  of  conception  is  shown  in 
these  speculations  that  the  reader  feels  Professor  Maxwell's  genius 
no  less  in  his  own  inability  to  follow  them  out  to  their  conclusion 
than  in  hb  certainty  that  the  guide  we  have  lost  could  have  knit 
them  together  into  a  magnificent  induction  if  only  the  full  term 
of  life  had  been  allotted  to  him. 

This  is  the  regret  that  the  world  of  science  at  large  feels. 
Those  only  whose  privilege  it  was  to  study  under  Professor  Max- 
well's direction  can  rightly  estimate  that  genial  kindness  and 
sympathy  which,  no  less  than  his  genuine  enthusiasm,  so  inspirited 
them  that  they  know  not  whether  they  labored  more  from  love 
for  their  science  or  from  regard  for  their  master. — AtJienoBuniy 
Nov,  16. 
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Art.  UX. — Notice  of  New  Jurassic  Reptiles;  by  Professor 
0,  C.  Marsh.    With  Plate  HI. 

Numerous  remains  of  Eeptiles  from  the  Jurassic  deposits 
of  the  Eocky  Mountains  have*  recently  been  received  at  the 
Yale  Museum,  and  some  of  the  more  interesting  Dinosaurs  are 
here  briefly  described.  These  pertain  to  several  distinct  groups, 
and  throw  considerable  light  on  the  forms  already  described 
from  the  same  horizon.* 

Camptonotus  dispar^  gen,  et  sp.  nov. 

The  present  genus  is  most  nearly  allied  to  LaosauruSj  but 
differs  in  several  points.  The  cervical  vertebrae  are  all  opis- 
thoccelous,  while  those  known  in  Laosaurus  are  nearly  plane. 
The  pubis,  moreover,  is  broad  and  thin  in  front  of  the  acetab- 
ulum, and  directed  well  forward.  It  has  a  deep,  well  marked 
articular  face  for  the  support  of  the  femur.  The  ischium  is 
expanded  at  its  distal  end,  and  has  an  extensive  surface  for 
union  with  its  fellow.     The  femur  is  longer  than  the  tibia. 

This  genus  agrees  with  Laosaurus  in  one  important  character, 
namely,  the  sacral  vertebrae  are  not  coossified.  That  this  is  not 
merely  a  character  of  immaturity  is  shown  by  some  of  the 
other  vertebrae  in  the  type  specimen,  which  have  their  neural 
arches  so  completely  united  to  the  centra  that  the  suture  is 
nearly  or  quite  obliterated.  To  this  character  of  the  sacral  ver- 
tebrae, the  name  of  the  present  genus  refers.  With  Laosaurus^ 
this  genus  forms  a  distinct  family,  which  may  be  called 
LaosauridxB, 

The  teeth  in  Camptonotus  resemble  those  of  Laosaurus^  and 
are  in  a  single  row  in  close-set  sockets.  The  rami  of  the  lower 
jaws  were  united  in  front  only  by  cartilage.  There  are  nine  cer- 
vical vertebrae,  all  of  which  bear  short  ribs,  as  in  the  Crocodiles. 
The  dorsal  vertebrae  have  their  articular  faces  nearly  plane. 
The  sacral  vertebrae  in  all  the  known  specimens  are  separate, 
and  their  transverse  processes  are  each  supported  by  two  centra. 
(Plate  in,  figure  3).  The  chevrons  have  their  articular  faces 
joined  together. 

The  fore  limb  is  much  reduced  in  size.     There  are  five 

digits  in  the  manus,  supported  by  nine  carpal  bones,  three  of 

which  are  united  in  one  on  the  radial  side.     The  number  of 

phalanges,  beginning  with  the  first  digit,  was  2,  8,  3,  8,  2.    The 

*  This  Journal,  vol.  zyi,  p.  411 ;  and  vol.  xyii,  pp.  85  and  181. 
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form  and  proportions  of  the  various  elements  of  the  fore  limb 
are  shown  in  Plate  III,  figure  1. 

The  pelvic  arch  is  quite  unlike  any  hitherto  described  In 
its  general  form  the  ilium  resembles  that  of  Morosaunts,  but  the 
proportions  are  reversed.  The  massive  portion  in  the  present 
genus  is  not  in  front,  but  behind,  as  the  ischium  is  larger  than 
tne  pubia  The  relative  position  and  form  of  the  elements  of 
the  pelvic  arch  are  shown  m  the  figure  below. 


Pelvic  aroh  of  OainpUmoiua  dispar^  Marsh;  side  view,  one  twelfth  natural  siza 
a.  acetabulum ;  tZ.  ilium ;  is.  ischium ;  p.  pubis ;  p^  postpubis. 

The  femur  has  a  long  pendant  third  trochanter,  and  a  prom- 
inent ridge  to  play  between  the  tibia  and  fibula.  The  tibia  is 
stout,  and  somewhat  shorter  than  the  femur.  The  fibula  is 
slender,  and  shorter  than  the  tibia.  The  astragalus  and  calca- 
neum  are  distinct  The  second  row  of  tarsals  contains  but 
two  bonea  The  first  digit  in  the  pes  was  rudimentary,  and  did 
not  reach  the  ground.  The  second,  third  and  fourth  were  well 
developed.  The  fifth  was  entirely  wanting.  The  number  of 
phalanges,  beginning  with  the  first  digit,  was  2,  8,  4,  5.  The 
structure  of  the  hind  limb  and  foot  is  well  shown  in  Plate  III, 
figure  2,  which  is  taken  from  the  same  skeleton  as  figure  1. 

Some  of  the  principal  measurements  of  the  present  species 
are  as  follows : 

United  length  of  the  nine  cervical  vertebrae 666'"*"* 

Length  of  axis 54* 

Transverse  diameter  of  posterior  articular  face  ...     41' 

Length  of  ninth  cervical  vertebra 64. 

Transverse  diameter  of  posterior  articular  face 63* 

Length  of  humerus SSI' 

Length  of  radius 245* 

Length  of  ulna 260- 

Length  of  femur 565* 

Length  of  tibia 555* 


Digitized  by 


Google 


0.  G.  Marsh — New  Jurassic  Reptiles,  503 

The  known  remains  of  this  species  indicate  an  animal  about 
eight  or  ten  feet  in  height,  and  herbivorous  in  habit  All  the 
specimens  discovered  are  from  the  Atlantosaurus  beds  of  the 
Upper  Jurassic. 

Camptonotus  pmphis^  sp.  nov. 

A  second  species  of  this  genus,  about  three  times  as  large  as 
the  one  just  described,  is  represented  by  various  remains, 
amonff  which  is  a  left  hind  foot  nearly  entire.  There  were 
three  lunctional  digits  in  this  foot,  the  first  being  rudimentary, 
and  the  fifth  entirely  wanting.  The  metatarsal  of  the  first 
digit  is  a  splint,  much  curved,  and  with  the  apex  above.  The 
terminal  phalanx  of  this  digit  is  much  compressed,  not  round 
as  in  the  smaller  species.  The  second  metatarsal  is  of  much 
greater  length.  The  terminal  phalanx  of  this  digit  is  longer  in 
proportion  than  that  of  the  preceding  species.  The  third  and 
lourth  digits  were  large  and  powerful.  The  main  dimensions 
of  this  foot  are  as  follows : 

Length  of  second  metatarsal 295'"*™ 

Greatest  diameter  of  proximal  end 113' 

Length  of  third  metatarsal 346* 

Greatest  diameter  of  proximal  end 160* 

Transverse  diameter  of  distal  end 102* 

Length  of  fourth  metatarsal 306* 

Length  of  first  phalanx  of  third  di^t 140* 

Length  of  first  phalanx  of  second  digit 120* 

The  remains  of  the  present  species  are  from  a  lower  horizon 
in  the  Jurassic  than  those  described  above,  but  within  the 
limits  of  the  Atlantosaurus  beds. 

Brontosaurus  excelsuSy  gen.  et  sp.  nov. 

One  of  the  largest  reptiles  yet  discovered  has  been  recently 
brought  to  light,  and  a  portion  of  the  remains  are  now  in  the 
Yale  collection.  This  m9nster  apparently  belongs  in  the 
Sauropoda^  but  diflfers  from  any  of  the  known  genera  in  the 
sacrum,  which  is  composed  of  five  thoroughly  coossified  verte- 
brae. In  some  other  respects  it  resembles  Morosaurus,  The 
ilium  is  of  that  type,  ana  could  hardly  be  distinguished  from 
that  of  M.  robustusj  excepting  by  its  larger  siza  One  striking 
peculiarity  of  the  sacrum  m  the  present  genus  is  its  comparative 
lightness,  owing  to  the  extensive  cavities  in  the  vertebrae,  the 
walls  of  which  are  very  thin. 

The  lumbar  vertebrae  have  their  centra  constricted,  and  also 
contain  large  cavities.  The  caudals  are  nearly  or  quite  solid. 
The  chevrons  have  their  articular  heads  separata  The  sacrum 
of  this  animal  is,  approximately,  50  inches  (1-27"*)  in  length. 
The  last  sacral  vertebra  is  292°*"  in  length,  and  380°*"  in 
transverse  diameter  across  the  articular  face. 
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A  detailed  description  of  these  remains  will  be  given  in  a 
subsequent  communication.  They  are  from  the  Atlantosaurus 
beds  of  Wyoming.  The  animal  was  probably  seventy  or 
eighty  feet  in  length. 

StegosauruB  ungulatus^  sp.  nov. 
Additional  specimens  of  Stegosaurus  have  been  recently 
secured  from  several  localities,  and  much  new  information  in 
regard  to  the  group  has  thus  been  obtained.  These  reptiles 
belong  to  the  Dinosauria,  but  differ  widely  from  any  of  the 
known  suborders.  The  most  striking  character,  to  which  the 
name  refers,  is  the  huge  dermal  plates  which  protected  the 
animal  A  number  of  these,  from  two  to  three  feet  in  diam- 
eter, and  others  of  smaller  size,  were  found  with  the  remains  of 
the  present  species. 

The  skull  is  very  small,  and  more  lacertilian  than  in  the 
typical  Dinosaurs.     The  brain  cavity  is  remarkably  small 

The  vertebrae  known  are  all  solid,  and  have  nearly  plane  or 
slightly  concave  articular  extremities.  The  fore  limbs  are 
shorter  than  those  behind.  In  the  present  species,  the  humerus 
is  very  short,  and  the  ulna  has  a  very  large  olecranon  process. 
The  terminal  phalanges  preserved  are  short,  broad,  and  obtuse, 
as  in  some  ungulate  mammals.  The  femur  is  long,  entirely 
without  a  third  trochanter,  and  the  ridge  between  the  tibia 
and  fibula  is  only  faintly  indicated.  The  tibia  is  of  moderate 
length,  and  the  astragalus  is  firmly  codssified  with  it  The 
fibula  is  slender,  and  united  firmly  with  the  calcaneum  and 
lower  end  of  the  tibia.  The  present  species  may  prove  to  be 
ffenerically  distinct  from  the  type  species,  Stegosaurus  armaius* 
described  by  the  writer  from  a  different  locality. 

In  one  specimen  of  the  present  species,  some  of  the  more 
important  dimensions  are  as  follows : 

Transverse  diameter  of  occipital  condyle 44-n>« 

Vertical  diameter 26* 

Transverse  diameter  of  foramen  magnum 31' 

Greatest  transverse  diameter  of  bram  cavity 83* 

Length  of  third  cervical  vertebra 85* 

Length  of  humerus 590* 

Length  of  tibia  with  astragalus 750* 

Length  of  terminal  phalanx 85' 

Greatest  width 70* 

Codurus  fragUiSy  gen.  et  sp.  nov. 
A  very  small  reptile,  apparently  a  Dinosaur,  left  its  remains 
in  the  same  locality  with  Uamptonoius  dispar.     The  most  char- 
acteristic specimens  obtained  are  vertebrae,  which  in  the  dorsal 
and  lumbar  region  have  their  centra  so  much  excavated  that 
*  This  Journa],  vol  xiv,  p.  513,  Dec.,  1877. 
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the  walls  are  reduced  to  a  thin  shell.  There  are  apparently  no 
partitions  across  their  cavity,  and  the  inner  surface  of  the  walls 
IS  quite  smooth.  The  anterior  caudal  vertebrae,  at  least,  have 
essentially  the  same  character.  The  trunk  vertebrae  preserved 
are  elongate,  biconcave,  with  high  neural  arches,  united  to  the 
centra  by  sutura  The  sides  of  the  vertebrae  are  somewhat 
excavated,  and  the  openings  into  the  cavity  are  all  small.  The 
cup  at  each  end  of  the  centra  is  unusually  smooth,  and  regular. 
The  zygapophyses  are  near  together,  and  stand  nearly  vertical. 
The  following  measurements  will  indicate  the  size  of  this 
animal : 

Length  of  centrum  of  lumbar  vertebra 36*°*™ 

Transverse  diameter  of  anterior  face  of  centrum 19' 

Vertical  diameter 21* 

Least  transverse  diameter  of  centrum 10* 

Least  thickness  of  walls  of  centrum 1* 

Length  of  anterior  caudal 83* 

Transverse  diameter  of  anterior  face 17* 

Thickness  of  walls  of  centrum,  near  middle 1* 

Least  transverse  diameter  of  centrum 10* 

The  known  remains  of  this  species  indicate  an  animal  about 
as  large  as  a  wolf,  and  probably  carnivorous. 
Yale  Oollege,  New  HaveD,  Noyember  18,  1879. 
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Methyl-violet,  new  synthesis  of,  221. 
Meyer,  V.  and  C,  specific  gravity  of  ^e 

vapors  of  phosphoric  pentasulphide 

and  indium  chloride,  71. 
vapor-densities,  140,  222. 
Michelson,  A.  A.,  velocity  of  light,  390. 
Microphone  and  earthquakes,  159. 
Microphotography  with  ToUes'  objective, 

Gutter,  93. 
MnTBBALS — 

Abriachanite,  484. 

Amblygonite,  Penfield,  295. 

Apatite,  Canadian,  486. 

Bemardinite,  StiUman,  57. 

Bhreckite,  484. 

Boracite,  485. 

Chabazite,  49,  72. 

Clinocrodte,  484. 

Clinophaeite,  484. 

Eggonite,  483. 

Eosphorite,  Brush  and  Dana,  47. 

Epidote,  486. 

Gummite,  153. 

Haughtonite,  484. 

Herrengrundite,  484. 

Hoftnannite,  484. 

Iron,  native  of  Greenland,  72. 

JaroSite  (with  gold),  73. 

Leucomanganite,  484. 

Lithiophilite,  Brush  and  Dana^  46, 46. 

Louisite,  484. 

Phosphuranylite,  163. 

Plagiocitrite,  484. 

Reinite;  484. 

Rhodochrosite,  Brush  and  Dana,  60. 

Silicate,  native  gelatinous,  72. 

Uranota,  163. 

Urusite,  Frenzel,  72. 

Vreckite,  484. 
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Wbetotone,  composition  of,  412. 
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Bana^  46. 
Mobiua^  K,,  Dawson  on  Eozsoon,  Vl*l. 
MajavoTt  E.  M.  v.,  the  dolomite  region  of 

southern  Tyrol,  71. 
Molecules,  size  of,  Hodges^  135. 
Moon's  motion,  inequcdity  of,  StodcweU^ 

387. 
MorUy^  E.  W.,  oxygen  in  the  air,  168. 
Morse^  E.  S^  shell  mounds  of  Omori,  418. 
Mudge,  B.  F.,  Geology  of  Kansas,  236, 
Mueller,  F.  v.,  Plants  of  Victoria,  237. 
Atlas  of  Eucalypts,  485. 
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Neubauer,  Analysis  of  Urine,  70. 

Newberry^  geological  atlas  of  Ohio,  409. 

Nichola^  E.  X.,  character  of  the  rays  emit- 
ted by  glowing  platinum,  446. 

Nicholson,  H.  A.,  Tabulate  Corals  of 
the  Paleozoic,  411. 

Nitrification,  217. 

Nitrogen  trichloride,  67. 

Nordenskiold's  Arctic  Expedition,  78. 

Nouyelles  Archives  du  Museum,  317. 
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Objectives,  triple,  Hastings^  429. 
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sUicide  and  of  ethyl  silicate,  305. 
Orion,  E,  lower  Waverly  of  Ohio,  138. 
Owen,  R.,  The  Mosasaur,  Leiodon  an- 

oeps,  of  the  American  Cretaceous,  236. 
Oxygen  in  the  air,  Morley,  168. 
Ozone  and  silent  electric  discharge,  65. 
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Palaeontology,  history  of.  Marshy  323. 
Paleontologist,  The,  497. 
PaUon,  W.  H.,  the  genus  Macropis,  211. 
Peckham,  S.  F.,  f^l  of  a  meteorite  in 
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Peirce,  0.  S.,  wave-lengrth  comparison, 

51. 
method  of  swinging  pendulums,  112. 
Pendulums,  method  of  swinging,  Peirce, 

112. 
Perrfield,  S.  L.,  amblygonite,  295. 
Pentathionic  acid,  479. 
Perry,  terrestrial  magnetism,  69. 
Peters,  C,  H.  /!,  positions  of  planets,  54. 
supposed  new  planet,  128. 


Peters,  a  H,  F.,  planetoids,  209. 

discovery  of  two  new  asteroids,  389. 
Hersilia  and  Dido,  428. 

PhiUpp,  solidifying  point  of  bromine, 
304. 

Pickering,  C,  Chronological  History  of 
Plants,  76. 

Pickering,  B.  C,  Photometric  Observa- 
tions, 491. 

Planets,  list  of  minor.  Skinner,  488. 
new,  observations  on,   Peters,   54, 
128,  209,  389,  428. 

Platinum,    rays   emitted   by    glowing, 
Nichols,  446. 

Prestwich,  rocks  under  London,  161. 

Pritchett,  R  S.,  ephemeris  of  satellites 
of  Mars,  418. 


Radiant  matter,  Orookes,  241. 

Ramsay,  A.  C,  geology  of  Gibraltar,  149. 

Rathbun,  R.,  diamantiferous  region  of 
Brazil,  310. 

Reade,  T.  M.,  Chemical  Denudation  in 
relation  to  Geological  Time,  496. 

Reeves,  W.  J.,  History  of  the  Smithso- 
nian Institution,  240. 

Renard,  A.,  structure  and  composition 
of  whetstone,  412. 

Renevier,  native  gelatinous  silicate,  72. 

Rivista  Botanica,  1878,  317. 

Rockwood,  0.  O.,  notes  on  volcanoes, 
159,  228,  308. 

Rood,  0.  N.,  Modem  Chromatics,  143. 

Rosen/eld,  preparation  of  pure  cuprous 
chloride,  67. 

Rossi,  M.  S.  di,  Bulletino  del  Vulcan- 
ismo  Italiano,  159. 

liothrock,  J.  T.,  Botany  of  Wheeler's 
Survey,  J  54. 

Rowland,  H.  A.,  diamagnetic  oouHtants 
of  bismuth  and  calc-spar,  360. 

Ruffner,  K.  H.,  Explorations  in  the  De- 
partment of  the  Missouri,  239. 

RusseO,  J.  0.,  footprints  in  the  Mesozoic 
rocks  of  New  Jersey,  232. 
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Saocardo,  P.  A,  Diffusion  of  Colored 

Liquids,  416. 
Salts,  action  of  isomorphous,  65. 
Scandium,  141,  399. 
Schmidt,   0.,   Sponges  of  the  Gulf  of 

Mexico,  417. 
Schmitt,  action  of  bleaching  powder  on 

ethyl  alcohol,  142. 
Schneider,  0.,  Natural  History  of  the 
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Schorlermner,  conversion  of  aurin  into 

trimethyl-pararosaniline,  307. 
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Soudder,  S.  H.,  Ofttalogae  of  Scientiflc 
Serials,  417. 

Selwyn,  G^logy  of  Canada,  481. 

Shellbach,    dust   figures   produced    by 
sound  waves,  68. 

STupardj  0.  U^  BSstherville,  Iowa,  me- 
teorite, 186. 

Smiman^  B.,  Jarosite  with  gold,  73. 
chemical  notices,  69,  226. 

Skatol,  480. 

Skinner^  A.  N.^  minor  planets,  list,  488. 

Smithy  J.  X.,  native  iron  of  Greenland, 
72. 

Solar,  see  SuK. 

Soretj  elements  announced  bj  Cldve,  401. 

Sound  waves,  figures  produced  by,  68. 

Spectrometer,  new  form  of,  Draper^  30. 

Spring,  non-existence   of   pentathionic 
add,  479. 

StaM^  E.f  the  influence  of  light  on  the 
motions  of  Desmids,  238. 

Stars,   photographing   the   spectra  ot 
Draper,  419. 

Steveruon,  J.  J.,  Laramie  group  of  South- 
em  Colorado,  129. 

geology  of  Gralisteo  Creek,   New 
Mexico,  471. 

SHUman,  J,  M.^  Bemardinite,  57. 

Stockwellf  J,  Kj  inequality  of  the  moon's 
motion,  387. 

Stone,  W.  H.,  Lessons  on  Sound,  406. 

Strasburger,  E.,  on  Cells,  416. 

Sun,  oxygen  in.  Draper^  262. 

photographic  observations  of,  403. 


JhyloTf  N,,  Cudgegong  diamond-field, 
New  South  Wales,  79. 

Taylor,  W.  B.,  Joseph  Henry,  80. 

Telescopes,  color  correction  of  achro- 
matic, Barknesa,  189,  EastingSj  429. 

Tellurium,  atomic  weight,  479. 

Thompson,  isomorphous  salts,  65. 

Thomaen,  composition  of  wood,  67. 

Thorpe^  heptane  from  Pinus  sabiniana, 
142 ;  fractional  distillation,  304. 

Thulium,  400,  401. 

Thurston,  R.  H.,  Friction  and  Lubrica- 
tion, 144. 

TDddy  J,  E,,  Richthofen's  theory,  and  de- 
posits of  the  Missouri,  148. 

Trowbridge,  J.,  physical  notices,  68,  226. 
308,  403. 

Tuning  forks,  resonant,  Ediaon^  395. 


Upham,  W.,  terminal  moraines  of  the 
North  American  ice-sheet,  81,  197. 

Uranium  minerals  of  North  Carolina, 
GerUh,  153. 


Vapor-densities,  Gibba,  277,  371. 
at  very  high  temperatiues,  140. 
determination  of,  222. 
of  metallic  chlorides,  140. 
VerriUy  A.  E.,  marine  fauna  of  North 

America,  52,  468. 
Vogdea,  A.  W.,  geology  of  Catooea  Co., 

Georgia,  475. 
Volcanic  rocks,  fusion  of  and  ftisibfli^ 

of,  J.  D.  Dana,  134. 
Vclcanic  phenomena  of  1878,  308. 
Volcano  of  Etna,  eruption  of,  228. 

Eilauea,  silent  discharge  ot  227. 
Volcanoes  about  Lake  Mono,  35. 

beds  of  felsyte  and  labradorite  not 
sufficient  evidence  of,  482. 
Von.  Richter,  synthesis  of  the  benzeoe 
ring,  306. 


WakoU,  a  />.,  fossils  of  the  IJtioa  slate 
and  the  metamorphoses  of  Triartfanu 
Becki,  152. 

new  Calciferous  fossils  from  Sara- 
toga County,  N.  Y.,  152. 

WiUker,  F.  A.,  Reports  and  swards, 
International  Exhibition,  411. 

Waiaon,  S.,  American  botany,  313. 

Wave-length  comparison,  Teiree,  61. 

Whetstone,  composition  ot  412. 

Whiteaves,  J.  P.,  Geological  Survey  of 
Canada,  410. 

Whitfield,  R  P.,  Madurea  magna  in  ^ 
Bamegat  limestone,  227. 

Whitney,  J.  D.,  auriferous  gravels  of  the 
Sierra  Nevada  of  Califomia,  145,  233. 

Wiley,  H.  W.,  carbons  in  the  electric 
lamp,  55. 

Wills,  atomic  weight  of  tellurium,  479. 

Williams,  Chemic^  Manipulation,  70. 

Winchell,  Geology  of  Minnesota,  483. 

Wood,  composition  ot  67. 

Wright,  alkaloids  of  Japanese  aoonitB 
roots,  221. 

WurtE,  A.,  Modem  Chemistzy,  226. 


Ytterbium,  spectrum  ot  216. 


Zoology— 

Macropis,  PaMon,  211. 

Marine  fauna  of  North  America,  Ver- 
rill,  52,  468. 

Oyster,  embryology  ot  Brooka^  426. 

See  further  under  Gbologt. 
Zom,  hyponitrous  acid,  398. 
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Plate  III. 


Figure  1. — Bones  of  left  fore  leg  of   Camptonotus  dispar^  Marsh  ;  a.  scapula ; 

c.  coracoid;  h.  humerus:  r.  radius;  u.  ulna;  I.  first  digit;  V.  fifth  digit. 
Figure  2. — Bones  of  left  hind  leg  of  Camptonotus  dispar ;  il.  ilium ;  is.  ischium ; 

p.  pubis ;   p'.  post-pubis ;   /.  femur ;    t.   libia ;  //  fibula  ;    a.  astragalus ; 

c.  calcaneum  ;  I.  first  metatarsal ;  lYmt  fourth  metatarsal.     Both  figures 

one  twelfth  natural  size. 
Figure  3. — Sacral  vertebra  of  same  individual,  seen  from  the  left.     a.  anterior 

face  for  transverse  proce.s.«< ;  b.  posterior  face. 
Figure  4. — The  same  vertebra,  front  view.     Both  one  sixth  natural  size. 
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